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ABOUT THE TRANSITION ACCELERATOR 

$_;�$u-mvb|bom��11;Ѵ;u-|ou�Ő$_;��11;Ѵ;u-|ouő�;�bv|v�|o�v�rrou|��-m-7-Ľv�|u-mvb|bom�|o�-�m;|��;uo�=�|�u;��_bѴ;�voѴ�bm]�
societal challenges. Using our four-step methodology, The Accelerator works with innovative groups to create 
visions of what a socially and economically desirable net zero future will look like and build out transition pathways 
|_-|��bѴѴ�;m-0Ѵ;��-m-7-�|o�];|�|_;u;ĺ�$_;��11;Ѵ;u-|ouĽv�uoѴ;�bv�|_-|�o=�-m�;m-0Ѵ;uķ�=-1bѴb|-|ouķ�-m7�=ou1;�l�Ѵ|brѴb;u�|_-|�
forms coalitions to take steps down these pathways and get change moving on the ground. 

Our four-step approach is to understand, codevelop, analyze and advance credible and compelling transition 
pathways capable of achieving societal and economic objectives, including driving the country towards net zero 
greenhouse gas emissions by 2050. 

 

1 UNDERSTAND the system that is being transformed, including its strengths and weaknesses, 
and the technology, business model, and social innovations that are poised to disrupt the 
existing system by addressing one or more of its shortcomings. 

2 CODEVELOP transformative visions and pathways in concert with key stakeholders and 
innovators drawn from industry, government, indigenous communities, academia, and other 
groups. This engagement process is informed by the insights gained in Stage 1. 

3 ANALYZE and model the candidate pathways from Stage 2 to assess costs, benefits, trade-
offs, public acceptability, barriers and bottlenecks. With these insights, the process then re-
engages key players to revise the vision and pathway(s), so they are more credible, compelling 
and capable of achieving societal objectives that include major GHG emission reductions. 

4 ADVANCE the most credible, compelling and capable transition pathways by informing 
innovation strategies, engaging partners and helping to launch consortia to take tangible steps 
along defined transition pathways. 
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EXECUTIVE SUMMARY 

Global climate change, materializing as severe storms, heat waves, floods, and droughts, are taking lives, threatening 
wars, and damaging economies around the world. To address this challenge, more than 70 countries, including 
Canada, have set net-zero greenhouse gas (GHG) emission targets by mid-century. 
 
In Canada, 57% of national GHG emissions are associated with the distributed combustion of fossil fuel-based 
ļ;m;u]��1-uub;uvĽķ�ru;7olbm-m|Ѵ��]-voѴbm;ķ�7b;v;Ѵķ� f;|� =�;Ѵ� -m7�m-|�u-Ѵ�]-vĺ��mo|_;u�ƑƔѷ�o=� national emissions are 
associated with the recovery and processing of the oil and gas that is largely used to make these energy carriers.   
 
Clearly, replacing fossil carbon-based energy carriers with zero-emission carriers is one of the major pillars in any 
transition to a net-zero emission energy system. For a province like Alberta, whose economy depends on oil and gas 
recovery and use, this transition could be seen as more of a threat than an opportunity. 
 
Hydrogen as a Zero-Emission Energy Carrier. However, Alberta is superbly positioned to take a leadership role in 
the transition to hydrogen as a zero-emission energy carrier that can be produced with minimal or no GHG emissions. 
The province already produces over 5000 t H2/day (2/3rd of the total produced in Canada) from natural gas and uses 
it as an industrial feedstock to crack bitumen, refine oil, and make fertilizer and other materials and chemicals. With 
some of the production, a portion of the by-product CO2 (a greenhouse gas) is captured and geologically 
sequestered. In addition, some companies are building large new plants where up to 95% of the CO2 emissions from 
H2 production will be permanently sequestered in the subsurface. 
 
Alberta also has excellent wind and solar resources that could be used to make low-cost electricity to split water 
and make hydrogen without GHG emissions.  
 
�-m-7-Ľv�Hydrogen Strategy and �Ѵ0;u|-Ľv�Hydrogen Roadmap agree on the importance of building a new fuel 
hydrogen economy around regional Hubs that bring together a low GHG supply of hydrogen with new markets for 
hydrogen in sectors such as transportation, space and industrial heating and even power generation. 
 
CanadaĽv first hydrogen hub was established in the Edmonton Region in 2021 and has been working to better 
understand the opportunity and deploy pilots, demonstration projects and new commercialization ventures around 
the hydrogen economy. The work in Edmonton has highlighted the importance of creating strategically located hubs 
across Canada that are connected by hydrogen corridors capable of supporting hydrogen-fueled trucks and trains. 
The hubs can also support return to base transportation needs and the production and use of hydrogen for heat and 
power generation and export to other jurisdictions. 
 
This report was prepared to explore the feasibility of setting up a hydrogen hub in the Calgary region, which is home 
to 37% of the provincial population (1.64 million persons).  

 

This report was prepared to explore the feasibility of setting up a 
hydrogen hub in the Calgary region, which is home to 37% of the 

provincial population (1.64 million persons).  
 

https://www.nrdc.org/stories/what-are-effects-climate-change
https://www.bloomberg.com/news/articles/2022-10-23/climate-and-war-risks-top-insurer-s-worries
https://www.bloomberg.com/news/articles/2022-10-23/climate-and-war-risks-top-insurer-s-worries
https://www.forbes.com/sites/roberthart/2022/10/28/heat-waves-driven-by-climate-change-have-cost-the-world-16-trillion-since-the-90s/?sh=3a65360b7caa
https://www.un.org/en/climatechange/net-zero-coalition
https://www.canada.ca/en/services/environment/weather/climatechange/climate-plan/net-zero-emissions-2050/canadian-net-zero-emissions-accountability-act.html
https://publications.gc.ca/site/eng/9.506002/publication.html
https://transitionaccelerator.ca/towards-net-zero-energy-systems-in-canada-a-key-role-for-hydrogen/
https://www.airproducts.com/campaigns/alberta-net-zero-hydrogen-complex
https://www.nrcan.gc.ca/climate-change-adapting-impacts-and-reducing-emissions/canadas-green-future/the-hydrogen-strategy/23080
https://www.alberta.ca/hydrogen-roadmap.aspx
https://erh2.ca/
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Targets for Retail Hydrogen Prices. The analysis begins with an understanding that, on the same basis (i.e., C$/GJhhv), 
Western Canadians currently pay much less for heat energy (C$8 to C$13/GJ) than for transportation fuels (C$25 
to C$45/GJ) or for electricity (C$20 to C$50/GJ). This reality was used to set targets for the retail price for hydrogen 
in current Canadian dollars in a future net-zero emission energy system: C$2 to C$3/kg H2 as a fuel for heat and 
power generation or export, and C$5 to C$8/kg H2 as a transportation fuel. 

These values are proposed as approximate retail prices, so they must include the cost of production, processing and 
distribution. Also, for use as a transportation fuel, there is a cost associated with building and operating fueling 
stations. While low GHG hydrogen can be made at a cost equal to or less than the wholesale diesel price, as a gas, 
hydrogen is more challenging to transport and dispense than liquid fuels. Techno-economic analyses have shown 
that the only way to get close to the price targets is to deploy at a relatively large scale. This reinforces the need for 
v|u-|;]b1-ѴѴ��rѴ-1;7�_�7uo];m�_�0v�-m7�1ouub7ouv�|o�0�bѴ7�u;]bom-ѴѴ��1om1;m|u-|;7��-Ѵ�;�1_-bmv�|_-|�1-m�ļ];|�|o�v1-Ѵ;Ľ�
and minimize the need for ongoing public support for an emerging hydrogen economy. 

Hydrogen Market Potential in the Calgary Region. Provincial data on end-use energy demand for Alberta in 2019 
was scaled by population fraction (37%) for the Calgary region to estimate the market potential for hydrogen use as 
a fuel in a net zero future. The results for the Calgary region included the following: 

� Transportation fuel demand of 1012 t H2/day, where 53% of demand is from heavy-duty (Class 8, 15+ 
tonne gross vehicle weight) trucks, 11% from medium-duty trucks (Class 2b to 7), 10% from rail, and 15% 
from air transport. 

� Building energy demand of 1900 t H2/day, assuming 75% of the current natural gas supply for space and 
water heating to residential and commercial buildings shifts to hydrogen in a net-zero emission future. 

� Industrial heat and power generation of 2130 t H2/day, assuming that hydrogen is used to provide backup 
to lower-cost renewable generation when it is not available (at 10% of annual generation), and industrial 
heat and power supply (20% of annual generation) when the scale of demand or region of need does not 
justify fossil fuel use coupled to carbon capture and storage (CCS). 
 

The total estimated hydrogen demand for the Calgary region in a net-zero future was estimated to be 5043 t H2/day 
based on the 2019 energy system. However, it did not include any allowance for population or economic growth or 
the potential to serve export markets over the period to 2050. At a wholesale price of $2.50/kg H2, this represents 
a market potential of $4.6 billion per year. 

 
 

The total estimated hydrogen demand for the Calgary region in a net 
zero future was estimated to be 5043 t H2/day. At a wholesale price of 

$2.50/kg H2, this represents a market potential of $4.6B/yr. 
 
 

City of Calgary Hydrogen Potential. As a potential early adopter of fuel hydrogen, we assessed the market potential 
of the City of Calgary-owned infrastructure. Details on current fuel demand were used to estimate the equivalent 
demand for hydrogen in a zero-emission future. The results included: 

� Municipal Bus Fleets. Market potential of 6.2 t H2/day, assuming hydrogen is the chosen fuel for 10% of 
shuttle buses, 60% of 40-foot buses and 100% of 60-foot buses. 

https://transitionaccelerator.ca/techno-economics-of-a-new-hydrogen-value-chain-supporting-heavy-duty-transport/


TRANSITION ACCELERATOR REPORTS 
Volume 5 Ŏ��vv�;�1 Ŏ�February 2023 

TOWARDS A FUEL HYDROGEN ECONOMY IN THE CALGARY REGION: A FEASIBILITY STUDY xiii 

� Other Municipal Vehicles. Market potential of 3.5 t H2/day, assuming only 30% of the current fuel demand 
shifts to H2 rather than battery electric. 

� Facility Natural Gas Demand. Considering only the 10 city-owned facilities with the largest NG demand, an 
average of 18.4 t H2/day would be required to provide zero-emission energy needs for heat only. If the heat 
requirement for these facilities was supplied by hydrogen cogeneration, the hydrogen demand would 
increase to 35 t H2/day, but sufficient electricity would be generated to meet 231% of the needs of those 
facilities and make it possible to deliver about 113 GWh of low GHG electricity per year to the public grid. 
 

Calgary International Airport (YYC).  As another potential early adopter of hydrogen, the 2019 (pre-COVID) fuel use 
by YYC provided a first approximation of the hydrogen market potential. The results included: 

� Airport Ground Vehicles. Assuming all ground vehicles switch to fuel hydrogen in a net zero future, the 
hydrogen demand would be 1.7 t H2/day. 

� Passenger Train to Banff. The proposed Calgary-Banff train, if implemented, may use about 4 t H2/day. 
� Airplanes. If the transition to net zero shifts to hydrogen-powered planes, the hydrogen demand would be 

about 480 t H2/day at YYC. 
� Space and Water Heating. Replacing natural gas at YYC with hydrogen would create an average fuel 

hydrogen demand of 7.5 t H2/day, ranging from 3.1 t H2/day in August to 16.4 t H2/day in January. 
� Power and Heat Demand. Using low GHG fuel hydrogen to meet the electricity demand for the airport and 

provide about half the demand for heat would require about 20 t H2/day. 
 

Freight Rail. Of the estimated diesel fuel demand for rail transport in the Calgary region, 90% is associated with 
long-haul locomotives (10% for local switching). If hydrogen fuel cell electric was the desired net-zero option for 
these vehicles, the hydrogen demand would be about 24 t H2/day. 

Heavy-Duty Road Freight. Class 8 Trucks (15+ tonnes gross vehicle weight, GVW) account for only about 12% of 
annual sales of all trucks that are 3.9 t GVW (Class 2b) or greater, but they account for 45% of the vehicle kilometres 
travelled (VKT) per year, and 55% of the annual fuel use and emissions. We used provincial traffic data to estimate 
the potential fueling station demand for hydrogen in the Calgary region should 50% to 75% of these vehicles 
transition to equivalent fuel cell electric vehicles. These calculations consider only the fuel used while driving on the 
highways identified, so the numbers below are expected to be underestimates: 

� City of Calgary Ring Road (Hwy 201): 16 t H2/day 
� City of Calgary, Okotoks to Balzac (Hwy 2): 16 t H2/day 
� Highway 1 to Banff National Park: 8 t H2/day 
� Highway 1 to Saskatchewan Border: 19 t H2/day 
� Highway 2 to Montana Border: 11 t H2/day 
� Highway 2 to Edmonton: 52 t H2/day 

 
In total, the fueling station demand would be 122 t H2/day. Assuming each station delivers about 7 t H2/day, the 
region could support at least 18 stations. We identified 20 existing truck stops/card-locks that serve heavy-duty 
transportation in the Calgary region today, as shown in Figure 0.1A. 

https://calgary.ctvnews.ca/banff-passenger-rail-project-still-working-on-provincial-and-environmental-support-1.6030012
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Figure ES.1. The Location of Key Hydrogen-Related Infrastructure in the Calgary Region. 
Panel A shows the location of key infrastructure needed to support the transportation sector, including trucking, municipal buses, trains 
and the Calgary airport. Panel B identifies the current location of point source emissions which could be either potential centres for H2 
demand, sources of low GHG H2 production or potential users of CO2 rbr;Ѵbm;v�|_-|�1o�Ѵ7�;m-0Ѵ;�u;]bom-Ѵ� ļ0Ѵ�;Ľ�_�7uo];m�ruo7�1|bomĺ�
Panel C highlights the location of high-pressure natural gas pipelines in the Calgary region (red lines), and the gates (yellow circles) that 
deliver gas to distribution pipelines. These could be sites to deliver hydrogen to residential and commercial buildings. 

 

Major CO2 Emitters: Potential Partners in a Net-Zero Future. The major point source emitters of CO2 in the Calgary 
region were identified and assessed for their potential to be part of a zero-emission hydrogen future in three possible 
ways:  

� Replacing Natural Gas with Fuel Hydrogen. Facilities like the Bonnybrook Wastewater Treatment Plant 
(Location G, Figure ES.1B), the University of Calgary or the Foothills Medical Centre (both Location H, 
Figure 0.1B) could use fuel hydrogen as a low carbon source of fuel energy for space and water heating and 
other heat requirements to dramatically reduce their emissions. 

� Carbon Capture and Storage Infrastructure. Many of the more prominent point sources like the Shepard 
Power Plant (Location F, Figure ES.1B) or natural gas recovery and processing plants (Location A, B, C & E, 
Figure ES.1B) could invest in carbon capture technologies and direct the CO2 into pipelines that would flow 
to a geological sequestration site. This would support the infrastructure that is needed for blue hydrogen 
production. 

� Possible Producer of Blue Hydrogen. Some of the point source emissions in the Calgary region have the 
potential to get into the production of blue hydrogen while coupling the by-product CO2 to geological 
storage.  Examples include the Carseland Nitrogen Plant or other gas plants located in the region (Location 
A, B, C & E, Figure ES.1B).  
 

Planning for Pipelines. While economically challenging at current prices for transport fuels, liquid hydrogen can be 
a long-term solution for hydrogen use in supporting heavy-duty transport in Canada. However, the cost of liquid 
hydrogen production, transport and storage would preclude fuel hydrogen use for heat and power generation. 
Expanding hydrogen use to these other sectors requires dedicated hydrogen pipelines. The existing natural gas 
|u-mvlbvvbom�rbr;Ѵbm;�1ouub7ouv�|;m7�|o�v�uuo�m7�|_;��b|��o=��-Ѵ]-u��-m7�u;-1_�bm|o�ļ]-|;vĽ��b|_bm�|_;�1b|���_;u;�|_;�
pressure drops to deliver gas to individual buildings (Figure ES.1C). A future network of hydrogen pipelines could 
follow the same routes, deliver hydrogen for use as a heat/power source, and provide economic benefits to heavy 
vehicle fueling stations. 
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Call to Action.  The Calgary Region is superbly positioned to take a leadership role in transitioning to a vibrant 
hydrogen economy that can position Calgary, Alberta and Canada as a key part of the climate change solution. The 
region has large potential markets for fuel hydrogen and the resources and workforce to produce and make cost-
effective, very low GHG hydrogen available where it is needed.  

The Calgary region would be an excellent candidate to establish a hydrogen hub and link with other hubs to create 
transportation corridors supporting heavy-duty trucks and trains across Western Canada, with links to similar 
initiatives in the USA. Such a start can rapidly grow in scale and then expand to hydrogen use for heat and power 
generation, attracting new industries.  

From the analyses described here, we encourage the Calgary Region to take advantage of this opportunity by: 

A. Funding and empowering a hydrogen hub to build a consortium around a shared vision for a fuel hydrogen 
future. At their core, hydrogen hubs are about economic development, but in a sustainable way to meet 
regional, provincial, national, and global objectives to mitigate climate change. The consortia should include 
all levels of government (including First Nations), companies representing the entire value chain, non-profit 
organizations (universities, environmental groups, industry associations), and others willing to invest both 
time and resources to build and deploy a strategy that will attract both public and private sector funding. 
The hydrogen hub requires full-time, dedicated staff resources for a minimum of a three-year commitment 
(ideally 5+ years) to build on the information provided in this report, connect with the coalition of the willing, 
identify the most promising industry or municipal government-led initiatives, help them attract resources 
and then deploy, monitor, communicate and grow. The initial funding for this Hub will need to come from 
the government (municipal, provincial and federal), but with the successful project launches, there may be 
opportunities to attract other sources of funding. 

B. Partnering with the Edmonton Regional Hydrogen Hub. The Edmonton Regional Hydrogen Hub was set up 
almost two years ago, so they now have valuable experience in what should be done or not be done in 
deploying a fuel hydrogen economy. Rather than competition, they should be seen as partners, especially in 
creating a Highway 2 corridor for heavy-duty hydrogen truck transport. Insights could be used to develop 
other corridors along Highway 1 or into Southern Alberta and the USA. 

C. Connecting with Canadian Pacific, Calgary Transit, YYC and the AMTA to support regional hydrogen 
vehicle trials. CP is already building fuel cell hydrogen locomotives and a fuel cell-grade hydrogen 
production and fueling facility in the region. Explore opportunities to support their efforts and benefit from 
their initiative. Calgary Transit is already linked to the Alberta Zero Emission Hydrogen Transit (AZEHT) 
project in Edmonton, and there is a possibility of moving one of those buses for trials in Calgary in 2024. 
The Alberta Motor Transport Association (AMTA) will be making H2 trucks available for carriers to trial in 
2023 and early 2024, and their focus is on the Edmonton Region. An active hydrogen hub in the Calgary 
Region could help them expand their initiative to the Calgary Region. The Calgary Airport (YYC) has 
committed to dramatically reducing its GHG footprint and is strategically located to play a major role as a 
provider and user of hydrogen in an emerging hydrogen economy. Rocky Mountain GTL has a ready supply 
of hydrogen in the region and is located less than 1 km from the CP mainline east of Calgary. 

D. Focusing on smaller-scale, distributed hydrogen production to serve the fuel market. Unlike Edmonton, the 
�-Ѵ]-u��!;]bom�7o;v�mo|�_-�;�-�Ѵ-u];�ŐƐƏƏĽv�|o�ƐƏƏƏĽv�|��2ņ7ő�m;-u0��vo�u1;�o=�bm7�v|ub-Ѵ�ļ]u-�Ľ�-m7�ļ0Ѵ�;Ľ�
hydrogen production, some of which could be diverted to fuel hydrogen use. Therefore, we propose that 
the Calgary Region focuses over the next ~5 years on the smaller scale (up to 20 t H2/d, but mostly ~4 t 
H2/d), distributed production of low or zero GHG hydrogen close to emerging demand centres. (Rocky 
�o�m|-bm��$�Ľv��-uv;Ѵ-m7�rѴ-m|�=b|v�|_bv�v1-Ѵ;�-|�-0o�|�ƐƓ�|��2/d). Local hydrogen production 1o�Ѵ7�0;�ļ0Ѵ�;Ľķ�
ļ]u;;mĽ� ou� ļ|�ut�obv;Ľ� _�7uo];m� |_-|�l-�� 1ov|�lou;� |o� ruo7�1;� |_-m� bm� �7lom|omķ� 0�|� |_;u;� v_o�Ѵ7� 0;�
significant cost savings associated with processing (e.g., liquefaction) and distribution of the fuel. Ideally, the 
hydrogen would be produced on-site, but if it does need to be moved to a fueling station, it may be worth 

https://erh2.ca/
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exploring the possibility of using rail since CP is a potential producer and user, and the existing rail network 
is close to major transportation corridors.  

E. Developing a carbon capture utilization and storage (CCUS) strategy. In the transition to net-zero emissions, 
many companies in the Calgary Region are interested in connecting to a CO2 pipeline network, where the 
CO2 is geologically sequestered. Such pipeline infrastructure is essential for the local production of blue 
hydrogen: especially as the demand for hydrogen grows and there is interest in deploying hydrogen pipelines 
that will serve vehicle refuelling, building heat and power generation. Therefore, the region should be 
helping to build a case for investment in CO2 pipelines and CCUS storage sites to enable the growth of the 
hydrogen economy. 

F. Encouraging renewable generation and green hydrogen production. "o�|_;um��Ѵ0;u|-�_-v�vol;�o=��-m-7-Ľv�
best conditions for wind and solar generation, and with the declining cost of electrolyzers, green hydrogen 
production is a promising opportunity for making fuel hydrogen for the region. For example, smaller 
dedicated wind and solar installations could support individual fueling stations, or large wind and solar farms 
could feed the grid when electricity prices are high and make hydrogen when the prices are low. 
Alternatively, power purchase agreements could enable grid-reliant electrolytic hydrogen production at 
fueling stations. 

G. Deploying hydrogen for heat and power generation. Blending hydrogen into natural gas distribution 
networks can generate GHG benefits while creating a variable buffer in the market demand for hydrogen 
that is made to support transportation markets. 

H. Engaging the academic community. Local colleges and universities can provide valuable training, insights, 
and technologies to advance a hydrogen economy. Therefore, they should be engaged in the early stages of 
launching a hydrogen hub. 
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1 INTRODUCTION 

The production and use of fossil carbon-based energy carriers are contributing to the climatic changes that are 
impacting the quality of life and economy of communities across Canada and around the world. To mitigate these 
impacts, Canada and dozens of other nations have committed to achieving net-zero greenhouse gas (GHG) emissions 
by 2050 [1]. The distributed combustion of gasoline, diesel, jet fuel and natural gas accounts for almost half of 
�-m-7-Ľv�GHG emissions, and another 24% is associated with the production of these energy carriers from oil and 
gas recovery and processing (Figure 1.1 A) [2]. In the interim, Canada has reaffirmed its commitment to cut GHGs 
by 40-45% below 2005 levels by 2030 and has further identified key industrial sectors for emission reductions, such 
as transportation, oil and gas, electric generation, and agriculture [3]. 

Clearly, the transition to net-zero emission energy systems needs to involve changing the energy carriers that are 
used to meet societal needs. Electricity, made from very low or zero-emission sources, is seen by most as a key part 
of the solution. However, widespread consensus is that a net-zero emission energy future cannot be met by (zero-
emission) electricity alone [4,5,6]. Chemical-based fuels are required for sectors such as heavy transport, many 
thermo-chemical industries, space heating in cold climates and the long-term storage of electricity. Biofuels can help, 
but their capacity is limited, especially if biological systems are to provide negative emission technologies ( i.e., 
increase the carbon stocks in forests and agricultural soils), while providing even more food and fibre to support the 
�ouѴ7Ľv�]uo�bm]�ror�Ѵ-|bom�-m7�;�r-m7bm]�;1omolb;vĺ 

 
Figure 1.1 �-m-7-Ľv���bv|bm]��m;u]��"�v|;l�Ő�ő�-m7�|_; Needed Transition to Net-Zero Emissions (B) 
In the existing energy system, energy carriers like gasoline, diesel, jet fuel and NG (natural gas) support end-use demand but generate large 
emissions. To achieve net-zero commitments, they must be transitioned to zero-emission energy carriers (electricity, hydrogen, biomass) 
(B). �-m;Ѵ���=uol��!�-mĽv��olru;_;mvb�;��m;u]��&v;�	-|-0-v;ĺ�� 

As a result, nations around the world (e.g. Australia [7], Germany [8], UK [9], USA [10], South Korea [11], and China 
[12]) are developing strategies and starting to build out a new energy system based on hydrogen and electricity 
made from very low or zero-emission sources. Hydrogen (H2) is a carbon-free gas that releases energy when 
combined with oxygen from the atmosphere. Heat is generated if hydrogen and oxygen are combined through 
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combustion, but if combined in a fuel cell, half or more of the energy is delivered as electricity and the balance as 
heat.  

Figure 1.1B provides an example of a possible net-zero energy system for Canada in 2050. It envisages an expanded 
role for electricity and biomass as energy carriers in the future, as well as a major role for hydrogen that is produced 
with zero or very low GHG emissions. 

1.1 Towards a New Value Chain for a Fuel-Hydrogen Economy 
Energy carriers used today are inconsistent with net zero. Canada needs energy carriers such as electricity and 
hydrogen made with low or no greenhouse gases (GHGs); the supply chain for electricity in Canada is established 
and well utilized, but there is a need to build a new value chain for hydrogen. 

Today, hydrogen is primarily used as an industrial feedstock in upgrading and refining hydrocarbons and generating 
chemicals and fertilizers (such as ammonia and methanol). It also has the potential to be used as an industrial 
feedstock for steel making from iron ore.  In Canada, hydrogen production is estimated at 8,200 t/day (3.0 Mt/year), 
and Alberta is the largest producer at about 5,800 t/day (2.1 Mt/year). However, most of the hydrogen generated 
today is derived from natural gas, where the CO2 by-product of the process is released into the atmosphere, which 
has associated GHG emissions of approximately 28 Mt CO2e/year. 

To create a new value chain for hydrogen-use as a fuel or as an energy carrier for export markets, it is necessary to 
understand the energy service hydrogen will provide, where it is needed, where it can be produced cost-effectively, 
and the options for connecting supply to demand. Like any chain, a value chain is only as strong as its weakest link. 
Ideally, each link in the value chain helps to enable subsequent links while strengthening preceding links, increasing 
the overall resilience and economic viability of the entire chain (Figure 1.2). 

  

The red circles identify the markets for hydrogen, while the blue-green boxes depict the infrastructure options to serve those markets. 
The blue, green, and light turquoise boxes show the major options for low-GHG hydrogen production. OEM, original equipment 
manufacturers. 

SOURCE: The Transition Accelerator 

 

Figure 1.2 New Hydrogen Value Chain 
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The use of hydrogen as an energy carrier is emerging as a choice for heavy vehicle transport (trucks, rail, marine, off-
road), space and water heating (especially in cold climates), and industrial heat and power applications. In its gaseous 
form, hydrogen is much more challenging to transport and store than liquid fuels, such as gasoline or diesel, especially 
in small quantities. Certainly, it is critical to deploy all parts of a new hydrogen value chain in a coordinated way. This 
is best achieved in targeted hubs or corridors where the demand and supply can be either co-located or deployed at 
a scale where economic viability can be achieved without on-going public investment.  

Hydrogen will become an important decarbonization fuel because of its flexibility. Its use in hydrogen fuel cells, 
whether for vehicles or stationary power applications, results in zero CO2 emissions. Hydrogen can also be burned 
in vehicles or used in industrial processes, with no or very low GHG emissions. Hydrogen can be blended with natural 
gas for space and water heating, reducing the GHG footprint of emissions in those sectors. Renewable energy can 
be used to create hydrogen through electrolysis, and through this process, hydrogen becomes an effective energy 
storage medium for renewable energy, offsetting concerns about the intermittency of wind and solar power. 
Aviation companies are working to develop aircraft powered by hydrogen to overcome the challenges of 
electrification in aircraft; the shipping industry is looking for ways to power ships using hydrogen or ammonia derived 
from hydrogen.  

1.2 The Need for Hydrogen Hubs and Corridors 
To capitalize on the environmental and economic potential of hydrogen as a fuel, economies of scale play a key role 
in creating demand and supply in a coordinated way and at a scale that will quickly become economically viable 
without the need for on-going public investment. From previous analysis [13] and experience in founding and 
Ѵ-�m1_bm]��-m-7-Ľv�=buv|�_�7uo];m��&��bm�|_;��7lom|om�!;]bomķ�|_;�Transition Accelerator recommends that the 
transition pathway to fuel hydrogen begins with Hubs and corridors that are built around regions with: 

x The ability to make low-cost, low-GHG hydrogen 
x Substantial nearby markets for hydrogen and the ability to connect the supply to demand 
x A scale of supply/demand where the economics works without sustained public investment 
x Engaged industry, governments, and academics 

The creation of Hydrogen Hubs is a concept that has been endorsed by both the Alberta government; through the 
release of its Alberta Hydrogen Roadmap [14] in 2021; as well as the federal government in the form of the 
Hydrogen Strategy for Canada Report [15], released in December 2020 by Natural Resources Canada (NRCan). 

[A hydrogen hub is] a coordinated, synergistic, regional initiative for 
economic development to create an economically viable hydrogen 

value chain where low or zero-emission hydrogen is used as a novel 
fuel or industrial feedstock, thereby achieving  

substantial reductions in greenhouse gas emissions.  
 

The definition of a hub 0���!�-mĽv���7uo];m���0v�)ouhbm]�Group is ľ-�coordinated, synergistic, regional initiative 
for economic development to create an economically viable hydrogen value chain where low or zero emission 
hydrogen is used as a novel fuel or industrial feedstock, thereby achieving substantial reductions in greenhouse gas 
emissionsĿ. 
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1.3 The Calgary Region Feasibility Study 
This Feasibility Study / Foundation Report is the first step in the four-stage process for launching hydrogen hubs. 
All Hubs are expected to be active in all four areas. They do not necessarily need to occur in sequence, but a 
successful hub should include all four. The Hub Stages are as follows (Figure 1.3): 

A. Foundation Report.  	o1�l;m|� |_;� u;]bom-Ѵ� ļ-vv;|vĽ� |_-|� 1o�Ѵ7� 0;� _-um;vv;7� bm� -� |u-mvb|bom� |o� -�
hydrogen economy and engage the key players in the concept. This would include the following: 

x Production Potential (by-product, green or blue hydrogen; could also include proximity to hydrogen 
pipeline) 

x Demand Potential (governments and private; wide range of sectors) 
x Transportation Opportunities (could include existing or unused pipeline infrastructure) 
x Funding Opportunities (various levels of government, private sector, philanthropy) 

B. Develop Shared Vision(s) for Possible Transition Pathways.  ��bѴ7�om�"|-];���|o�;m]-];�-�ļ1o-Ѵb|bom�o=�
|_;��bѴѴbm]Ľ� |o�-u|b1�Ѵ-|;�-� v|u-|;]�� =ou�0�bѴ7bm]�-m7�1omm;1|bm]��2 supply to H2 demand. (There is a 
possibility that the work on the foundatiom�u;rou|��bѴѴ�mo|�Ѵ;-7�|o�-�ļ1o-Ѵb|bom�o=�|_;��bѴѴbm]Ľķ�-m7�|_;�
regional efforts will not progress to creating a Hub.)  

C. Techno-economic Analysis. To critically assess the ideas that are generated in Stage B. Stages B and C 
are highly iterative, feeding each other to improve the strategy and engage more stakeholders.  

D. Pilot, Demonstration and Commercialization Projects. Using the insights gained in stages A, B and C, it 
should be possible to create compelling arguments for public and private investments in pilots, 
demonstration, and commercialization projects.   

  

Figure 1.3 $_;�$u-mvb|bom��11;Ѵ;u-|ouĽv�Hub Creation Process 

 

Throughout this report, we attempt to estimate the energy requirements in the Calgary Region and identify where 
opportunities lie to shift a portion of demand from traditional energy carriers to hydrogen across various sectors. 
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Such transitions are long-term investments and while they may seem like a reasonable and justifiable target, 
numerous challenges need to be overcome. 

Within this report, you will find: 

x A description of the Calgary Region and its role in the province of Alberta (Section 2) 

x A ļHydrogen 101Ľ brief to summarize information about hydrogen that helps to explain the focus and 
calculation in many of the subsequent sections of the report (Section 3) 

x The use of government data to estimate the fuel hydrogen potential of the province and the proportion 
of that which could be assigned to the Calgary Region (Sections 4),  

x Several assessments of the fuel hydrogen potential for local jurisdictions or sectors to identify potential 
early adopters or regional initiatives that could be the focus for initiatives in a new value chain for the 
region (Sections 5 to 11),  

x A series of recommendations for the next steps (Section 12) 

The hope is that this report will help to create a shared vision among multiple stakeholders for a transition pathway 
to a zero-emission hydrogen economy in the Calgary Region. As a technical report, we hope that it will inform and 
motivate a broad suite of actors that have key roles in accelerating the implementation of the low-carbon hydrogen-
as-fuel economy in Canada. They include:   

x Policy Makers: To inform and encourage the development and implementation of economic and 
environmental policies critical to attaining a self-sustaining hydrogen economy in Canada. 

x Academics and Students: Academia can play a much more significant role in making practical, tangible 
progress to help society attain societal objectives, in additional to the traditional roles of analyses, 
research and technology development. While technology innovation is important, so is the ability to 
access the broader implications associated with deploying those innovations in order to address societal 
needs. 

x Environmental Groups: By focusing on evidence-based assessments of the environmental footprint 
associated with the production and use of low-GHG, fuel hydrogen, it is hoped that this report will 
engage environmental groups in helping to define and support effective solutions. 

x Industry: Attaining an economically self-sustaining hydrogen economy is a complicated endeavour, 
requiring new public and private sector roles and outcomes along a new hydrogen value chain. The 
industry is essential in this venture. The Transition Accelerator iv�;-];u�|o��ouh��b|_�-�ļ�o-Ѵb|bom�o=�|_;�
�ollb||;7Ľķ�|�rb1-ѴѴ��Ѵ;7�0��bm7�v|ub;v��_o��bv_�|o�v|-u|�om�|_;�fo�um;��-Ѵom]�-�|u-mvb|bom�r-|_�-��|o�-�
net-zero energy future fueled partly by hydrogen. 
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2 THE CALGARY REGION 

2.1 History & Economy 
The Calgary Region (Figure 2.1), as defined for this report, includes the City of Calgary, the Rocky View, Foothills 
and Wheatland Municipal Districts and the cities/towns within their geographic extent, as well as |_;�$v���$Ľbm-ķ�
Stoney-Nakoda and Siksika First Nations communities. While this region is geographically a small portion of the 
province, approximately 2.1% by area, it is home to ƒƕѷ�o=�|_;�ruo�bm1;Ľv�ror�Ѵ-|bom�[16]. 

 

Figure 2.1 The Calgary Region 

 

For more than 10,000 years, the Calgary Region was home to the Plains First Nations and sat in the heart of the 
Treaty 7 region in Southern Alberta. The Treaty 7 region includes the Blackfoot Confederacy (comprised of the 
Siksika, Piik-mbķ�-m7��-bm-b�buv|��-|bomvőķ�-v��;ѴѴ�-v�|_;�$v��|Ľbm-�buv|��-|bomķ�-m7�|_;�"|om;���-ho7-�Őbm1Ѵ�7bm]�|_;�
Chiniki, Bearspaw, and Wesley First Nations). [17] The City of Calgary is also home to the Metis Nation of Alberta, 
Region III.  

Following the arrival of Europeans, the Calgary was established in 1873 by the North-West Mounted Police and 
would be renamed Fort Calgary in 1876. The transnational railway arrived in Calgary in 1883, linking Calgary to 
eastern Canada and opening the region for pioneering ranchers. Calgary was incorporated as a town in 1884 and a 
city in 1894. Oil was discovered in the region in 1914 with the drilling of the Dingman well in nearby Turner Valley, 
but this first oil boom only lasted a few months until the outbreak of World War I [17].  
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In 1924, Royalite drilled below the Dingman well and struck oil and natural gas. From that time forward, the City of 
Calgary and the surrounding area has lived through several boom-and-bust periods in the energy industry but always 
remained a strong agricultural region. As a result, Calgary has grown over the decades to become an important 
economic powerhouse for the province.  

The Region sits at the crossroads of the Trans-Canada Highway and the Queen Elizabeth II Highway and serves as 
a major hub for air and rail cargo, making it one of W;v|;um��-m-7-Ľv most important distribution hubs. Calgary is 
home to over 100 head offices, the most per capita of any Canadian city, and has the second-highest concentration 
of small businesses per capita o=��-m-7-Ľv�l-fou�1b|b;v�Œ18]. A 2021 report by the Conference Board of Canada noted 
|_-|��-Ѵ]-u��-Ѵvo�_-v�|_;�_b]_;v|��	��r;u�1-rb|-�o=��-m-7-Ľv�l-fou�1b|b;v, partly due |o�|_;�ruo�bm1;Ľv��-v|��;-Ѵ|_�
of natural resources [19]. 

�-m-7-Ľv�|�o�l-fou�u-bѴ�1olr-mb;vķ����-m7���ķ�_-�;�v�0v|-m|b-Ѵ�or;u-|bom-Ѵ�1;m|;uv�Ѵo1-|;7�bm�|_;��-Ѵ]-u��!;]bomĺ�
In addition to the Company's corporate headquarters, CP operates a large intermodal facility, a major terminal and 
a maintenance facility within the southeast part of the city. In 2021, the company operated approximately 90 line-
haul locomotives within the Calgary region on a daily basis. CN recently constructed and operates a new 
Intermodal/Logistics Park located just east of the Calgary city limits near the hamlet of Conrich. Both rail companies 
_-�;�7bu;1|�-11;vv�|o�rou|v�om��-m-7-Ľv��;v|�1o-v|ĺ 

The Calgary International Airport, or YYC as it is commonly referred to, is an important centre for both air travellers 
and cargo. Data from 2019 shows that the airport received 18 million passengers and 4305 cargo landings [20]. 
++�Ľv� "�v|-bm-0bѴb|�� "|u-|;]�� _-s set a goal of achieving net zero emissions by 2050 with the knowledge that 
advancing a hydrogen economy will be a key part of a low-carbon future.  

Outside of the urban City of Calgary, smaller towns of Airdrie, Okotoks, Cochrane, and Strathmore in the counties 
of Rocky View, Wheatland and Foothills offer remote and more rural dwellings in picturesque prairies. 

2.2 Demographics & Economy 
The Calgary Region is home to 1.6 million people, or ƒƕѷ�o=��Ѵ0;u|-Ľv�ror�Ѵ-|bom (Table 2.1). Of that total, 84.7% 
live in the City of Calgary, followed by the City of Airdrie at 4.7% (Figure 2.2). Cochrane and Okotoks make up about 
2% each, followed by the towns of Strathmore and High River. The three Municipal Districts total 5% of the regional 
population, and the 3 First Nations communities add up to 0.6%. Many of the residents that comprise the populations 
of the areas surrounding Calgary commute to the city for work, shopping, or other activities. Given the dominance 
o=�|_;��b|��o=��-Ѵ]-u��bm�|_;�;m|bu;��-Ѵ]-u��!;]bomķ�|_;�rubl-u��=o1�v�o=�|_bv�u;rou|��bѴѴ�0;�om�|_;��b|��o=��-Ѵ]-u�Ľv�
energy requirements and opportunities for the development of a hydrogen economy. 
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Table 2.1 Regional Demographics 

 
SOURCE: The Government of Alberta 

Demographic markers for the region show that the Median Family Income falls just above the rest of the province 
at $106,710 (Table 2.1). In addition, total dwellings, number of businesses and the Labour Force generally fall in line 
�b|_�|_;�!;]bomĽv�rou|bom�o=�|_;�ruo�bm1;Ľv�ror�Ѵ-|bom�-|�ƒѶѷķ�36% and 33%, respectively. 

The Region is also _ol;�|o�ƐƑѷ�o=��Ѵ0;u|-Ľv�=buv|�m-|bom population within three First Nations communities (Figure 
2.2).  

 

Figure 2.2 �uorou|bom�o=��Ѵ0;u|-Ľv��or�Ѵ-|bom�bm��-Ѵ]-u��!;]bom�ŐѴ;=|ő�-m7�	bv|ub0�|bom��b|_bm�|_;�
Region(right) 

 

 

  

The total population of the Calgary Region is 1.6 million persons. 

SOURCE: The Government of Alberta 
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3 HYDROGEN 101 

3.1 Introduction  
The use of hydrogen as a zero-emission fuel to replace traditional carbon-based liquid (e.g., gasoline, diesel, jet fuel) 
or gaseous fuels (natural gas, propane) requires a new value chain with technologies to produce, move, store, and 
convert to deliver energy services. As a gas, a new hydrogen value chain is likely to be more similar to natural gas 
than gasoline and diesel fuel, offering both challenges and opportunities. 

This section provides a brief overview of how hydrogen can be used as an energy carrier, its physical properties and 
the economics of its production, transport, and use. To set a bar for the performance of this new value chain, we 
begin with a summary of the current wholesale and retail costs for energy in Western Canada (Figure 3.1).  The data 
presented here do not reflect the sharp rise in energy costs that coincided with the Russian invasion of Ukraine in 
early 2022.  

As shown in Figure 3.1, per unit of energy, Canadians pay more for electricity and transportation fuels than heating 
fuels. In part, this is because: 

� The methane in natural gas that serves as a heating fuel is often a by-product of fossil fuel recovery processes that 
are more focused on crude oil extraction or the extraction of the heavier hydrocarbon fraction (ethane, propane, 
butane) of natural gas. Consequently, pipeline-quality natural gas produced in Western Canada (95% methane) is 
somewhat stranded from the major markets in the USA and available at a lower cost. In fact, between 2016 and 
2021, pipeline natural gas in Alberta was about 53% of the Henry Hub price for fuel. 

� �br;Ѵbm;v�7;Ѵb�;u�|_;�=�;Ѵ�bm�Ѵ-u];��oѴ�l;v�|o��bu|�-ѴѴ��;�;u��0�bѴ7bm]�bm��Ѵ0;u|-Ľv�1b|b;v�-m7�lov|�0�bѴ7bm]v�bm�|_;�
province. The distribution costs are relatively low, given the scale of the infrastructure and the volume of fuel used. 
(It is worth noting that Alberta also supplies large volumes of natural gas to other provinces and the USA through 
and extensive pipeline network.) 

� Pipelined natural gas delivery to residential and commercial buildings is a regulated industry, so the cost to 
consumers is tied to actual costs to the industry, reducing market volatility and the negative impacts of monopolistic 
behaviours. 

� Per unit of embedded energy, the wholesale cost of crude oil that is used to make transportation fuels has been 
much higher than the wholesale cost of natural gas, especially in the last 12+ years. 

� The retail cost of transportation fuels must include the cost of building and operating the fueling stations.  
� The values shown in Figure 3.1 do not reflect the impact of the projected carbon tax on transportation and heating 

fuels between now and 2030 when it is expected to rise to $170/t CO2e. 

The yellow shading in Figure 3.1 shows the targeted price for hydrogen to provide similar energy service to the 
current energy system.  Note that two price ranges have been identified:  one for hydrogen as a heating fuel (C$2-
C$3/kg H2) and one for H2 use in heavy transport (C$5-C$8/kg H2).  These calculations take into account the 
following: 

� Fuel cells convert hydrogen to vehicle movement more efficiently than internal combustion engines convert diesel 
fuel to vehicle movement.   

� The projected impact of carbon taxes on future retail costs. 
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� The continuing trend toward improved thermal efficiency in buildings. (In space and water heating, we assume that 
the hydrogen will be combusted, like natural gas, in high-efficiency furnaces.) 

� The need for expensive hydrogen compression and storage and higher purity hydrogen at fueling stations in a 
hydrogen economy, whereas building heating would be able to use lower quality hydrogen delivered in a 
repurposed natural gas pipeline network. 

� The coordinated, large-scale deployment of infrastructure supporting a hydrogen economy, thereby taking 
advantage of the efficiencies of scale. (The calculations do not include an equivalent to the current gas tax on 
transportation fuels that is used to help pay for road infrastructure.) 

 

Figure 3.1 Costs ($/GJhhv) for Fuel Energy Demand in Western Canada 

 

 

 

 

The higher targeted price for transportation fuels means that in short to medium term, the economics for a transition 
of heavy-duty diesel vehicles to hydrogen is closer to economic viability than is the use of pure hydrogen for building 
heat supply. That being said, a strong case can be made for blending hydrogen (up to 20% by volume) into existing 
natural gas networks as part of a transition strategy to zero-emission energy systems. It is also important to pilot 
and test pure hydrogen for space and water heating, industrial heat demand and power generation in the next few 
years. 

Note that per unit of energy, Western Canadians pay more for transportation fuel and electricity than for heating fuels. The prices 
represent typical values for the 2016 to 2021 period. The yellow shading shows the target retail price for hydrogen use in heating or 
transport. For transport, higher compression and rapid refueling is required. Note that the prices shown here reflect recent levels of 
carbon tax ($30 to $50/t CO2). At the $170/t CO2 projected for 2030, natural gas costs would be expected to increase by $6 to 
$7/GJ.  

SOURCE: The Transition Accelerator 
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3.2 Properties of Hydrogen and Its Derivatives 
Physical Properties. With a molecular weight of 2 grams per mole, hydrogen gas (H2) is the smallest and lightest 
molecule in the universe. Therefore, it is not surprising that the energy density per unit of mass is 2.8 to 3.1 times 
that of gasoline (Table 3.1, Items 4 and 5), making it attractive as a transport fuel where weight is a factor. 

Like natural gas, hydrogen is a gas, but each H2 molecule has only one energy-rich chemical bond, compared to four 
energy-rich bonds in methane (CH4), the major constituent of natural gas. Therefore, on a volumetric basis, hydrogen 
has only one-third the energy density of natural gas (Table 3.1, Item 7). 

When the temperature of hydrogen gas is dropped to -253oC, it becomes a liquid, and the energy density of liquid 
hydrogen (LH2) is still only about 1/3rd of the energy density of liquefied natural gas (LNG @ -160oC) or about one-
quarter of that for diesel fuel. Therefore, larger volumes of hydrogen must be moved to deliver the same amount of 
energy as carbon-based energy carriers.  

Like LNG, LH2 bv� hmo�m� |o� ľ0obѴ� o==Ŀ��_bѴ;� 0;bm]� v|ou;7ĺ� $_;� 0obѴ-off gas can be used as a fuel, reliquefied or 
compressed and put into a pipeline or compressed tank. Therefore, LH2 is not usually considered for long-term 
hydrogen storage, but as a form of hydrogen that can be transported by truck or train, typically to a fueling station. 
A truck can carry up to four tonnes of LH2 in a cryogenic container, whereas only about 1 t H2 can be carried per 
truck as a compressed gas.  

Compared to storing or transporting the same amount of energy as other energy carriers, hydrogen tanks tend to 
be larger or held at higher pressure. In the case of gas transport in similar pipeline sizes, hydrogen can be transported 
about three times more rapidly than natural gas before there are concerns about adverse impact on pipeline integrity. 
Therefore, a similar-sized pipeline can deliver hydrogen energy at about 85% of the capacity of natural gas energy.  

Health and Safety Considerations. Like other energy carriers, hydrogen production, transport, storage, and use are 
associated with important health and safety risks. Being a small molecule, it can escape through small cracks, so tight 
sealing fittings are essential. Hydrogen is also known to cause embrittlement in some kinds of steel, creating cracks 
and weakening the steel. It is also a colourless and odourless gas, making it harder for people to detect fires and 
leaks. 

Fortunately, the industry has a lot of experience in how to handle hydrogen gas, an experience that needs to be 
shared with others and incorporated into regulatory processes if hydrogen is to become an energy carrier in a future 
net zero emission energy system.  

Protocols for the safe handling of hydrogen in pipelines, storage containers and fueling stations are already in place, 
and companies around the world building vehicles, furnaces, boilers, and gas turbines are now exploring the use of 
hydrogen as a fuel. 

Ammonia is a zero-emission energy carrier produced from hydrogen and nitrogen gas (N2) extracted from the air. It 
is highly toxic, flammable and corrosive and so its use as an energy carrier tends to raise more health and safety 
considerations than hydrogenĺ��omv;t�;m|Ѵ�ķ�-llomb-Ľv��v;�-v�-m�;m;u]��1-uub;u��o�Ѵ7�probably be restricted to 
professionally trained operators. On the positive side, it has a pungent smell, making leaks easier to detect.  
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Table 3.1 Physical Properties of Hydrogen 
�7-r|;7�=uol�|_;����Ľv��|�u;�o=���7uo];m�!;rou|�ŐƑƏƐƖő�ŒƑƐœ 

# PROPERTY HYDROGEN COMPARISON 

1 Density (gaseous) 0.089 kg/m3 (0C, 1 bar) 1/10 of natural gas 

2 Density (liquid) 70.79 kg/m3 (-253C, 1 bar) 1/6 of natural gas 

3 Boiling point -252.76°C (1 bar) 90°C below LNG 

4 
Energy per unit of mass 
(HHV) 

141.7 MJ/kg 
2.7x that of natural gas 

3.1x that of gasoline 

5 
Energy per unit of mass 
(LHV) 

120.1 MJ/kg 
2.5x that of natural gas 

2.8x that of gasoline 

6 
Ratio of Lower (LHV): 
higher (HHV) heating value 

0.85 
natural gas (0.90) 

gasoline (0.94) 

7 
Energy density (ambient 
cond., LHV) 

0.01 MJ/L 1/3 of natural gas 

8 
Specific energy (liquefied, 
LHV) 

8.5 MJ/L 
1/3 of LNG 

¼ of diesel  

9 Flame velocity 346 cm/s 8x methane 

10 Ignition range 4-77% in air by volume 6x wider than methane 

11 Autoignition temperature 585°C 220°C for gasoline 

12 Ignition energy 0.02 MJ 1/10 of methane 
Notes: cm/s = centimetre per second; kg/m3 = kilograms per cubic metre: LHV = lower heating value; MJ = megajoule; MJ/kg = megajoules per 
kilogram; MJ/L = megajoules per litre. 

Like hydrogen, there is long experience in using ammonia by industry and agriculture since the dominant use for the 
chemical is as nitrogen fertilizer. Gaseous ammonia can either be injected into soils directly (it is highly water soluble) 
or converted into ammonia nitrate or urea and applied to soils in solid or liquid form. While a gas at room temperature 
becomes a liquid at low pressures (7.5 bars at 20oC) or low temperature (-33oC at atmospheric pressure) and can be 
transported in sealed tanks similar to propane. When combusted, ammonia does not produce greenhouse gases.  

Hydrogen can also be reacted with other molecules to form liquid organic hydrogen carriers (LOHC) that have been 
proposed for long-distance hydrogen transport, especially on ships. Methylcyclohexane is a potential LOHC since it 
releases hydrogen when heated, creating toluene that can be returned to the hydrogen source, where it is again 
converted to methylcyclohexane. As liquids at normal temperatures and pressures, toluene and methylcyclohexane 
are easier and have a lower cost to transport than gaseous energy carriers. Toluene is toxic, and both liquids are 
flammable, but the industry knows how to handle them safely, and there are no serious concerns about moving them 
by ship or in pipelines. The main challenge with LOHCs is that hydrogen accounts for only about 6% of the weight, 
so most of the weight being shipped is the carrier, not the hydrogen. 
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3.3 The Economics of Hydrogen Production in Canada  
The two most commonly deployed technologies for low GHG hydrogen production are the electrolysis of water 
using very low GHG electricity and the reforming of natural gas coupled to 90% to 95% carbon capture and storage 
(CCS), where the natural gas is recovered, upgraded and transported with extremely low GHG emissions. 

�-m-7-� bv�-lom]�|_;��ouѴ7Ľv� Ѵo�;v|-cost producers of low-GHG hydrogen (Figure 3.2). In the 2018 Asia Pacific 
Research Centre paper [22], Canadian electrolysis and steam reformation/CCS projects were shown to be equal to 
or lower than the wholesale price for diesel (Figure 3.2). This has become even more pronounced, with current diesel 
prices being nearly double the prices utilized in the comparison. 

Electrolytic Hydrogen Production. Electrolysis creates hydrogen (H2) and oxygen (O2) from water using electricity. 
�=� |_;�;Ѵ;1|ub1b|�� bv� =uol�u;m;�-0Ѵ;vķ� b|� bv�o=|;m�1-ѴѴ;7� ļ]u;;mĽ�_�7uo];mĺ Our analysis focused on the costs for a 
Polymer Electrolyte Membrane/Proton Exchange Membrane (PEM) electrolyzer rather than Alkaline electrolyzers 
since a number of studies [23,24] consider them better suited for use with intermittent power sources. In addition, 
model parameters from the �m|;um-|bom-Ѵ� �m;u]�� �];m1�Ľv� �|�u;� o=� ��7uo];m� report [21] were adapted for 
Canadian currency to illustrate the effect of electricity price and use factors (number of hours per year) on the cost 
of hydrogen production today by 2030 and in the future when technology deployment is mature (Figure 3.3A to C). 

 

 

Figure 3.2 A Comparison of the Cost of Blue or Green H2 Production from Countries in the Asia-Pacific 
Region 

Adapted from Asia Pacific Energy Research CentreĽv�Perspectives on H2 in the APEC Region [22]. The vertical shaded regions depict ranges 
for recent wholesale and retail costs of diesel use in Canada. 

Using the IEA model, three case studies were explored, and the results are shown on the surface plot and bar charts 
in Figure 3.3: 

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
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� Dedicated intermittent renewable (e.g., wind) with a capacity factor of 34% (3,000 hr/year) where 
the levelized cost of electricity (LCOE) is $40/MWh now but will decline to $30/MWh by 2030. 

� Low carbon grid power accessed for 6,000 hr/year (68% capacity factor for electrolyzer) at a 
delivered electricity price of $80/MWh. 

� Low carbon grid power accessed for 6,000 hr/year (68% capacity factor for electrolyzer) at a 
delivered electricity price of $20/MWhr. This is the least likely of the three alternatives, only being 
possible in jurisdictions that often have excess large hydro or nuclear power. 

For electrolytic hydrogen production over the next 10 years, the wholesale cost for green hydrogen may decline to 
as little as C$3/kg (C$21/GJhhv), assuming a low carbon electricity cost of about C$30-35/MWh. To drop to less 
than C$2/kg H2 and be competitive with hydrogen reformed from natural gas with CCS, low-cost, more efficient 
electrolyzers would help, but the most important factor would be the near-continuous supply of electricity under 
C$30/MWhr. For regions of the world with superb wind and solar resources and low-cost land, such a price target 
may be possible [25], but perhaps not in Canada.  

In most places, the cost of water is not a major contributor to the cost of hydrogen production since the electrolysis 
of a cubic meter of water can produce over 100 kg H2, which is worth many hundreds of dollars. However, access 
to water that can be purified for use in an electrolyzer is still an issue in some places. 

It is important to note that the cost of hydrogen production is only one factor in economic viability. Hydrogen 
transportation and fueling infrastructure are often more important, and electrolytic hydrogen production can deploy 
at smaller scales, nearer to demand, so long as there is water and low-cost electricity. 

 

Figure 3.3 The effect of electricity cost & capacity factor on the levelized cost of H2 (LCOH) production for a 
4.2 MW PEM electrolyzer today (A), in 2030 (B) and in the future (C) when the market is mature. 

Symbols refer to the three cases described in the text. Model adapted from the ���Ľv��|�u;�o=���7uo];m�!;rou|�ŒƑƐœĺ 

Hydrogen Production from Methane Reforming with CCS. The reforming of natural gas (predominantly methane) 
dominates hydrogen production in Canada, and the process can be modified to prevent the atmospheric release of 
90% or more of the by-product CO2. When methane reforming is coupled to carbon capture and utilization/storage 
(CCUS), the product is often calle7�ļ0Ѵ�;Ľ�_�7uo];mĺ 
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There are two major technologies for blue hydrogen production: steam methane reforming (SMR) with CCS and 
auto-thermal reforming (ATR) with CCS. The SMR technology 7olbm-|;v�bm7�v|ub-Ѵ�ļ]u-�Ľ�_�7uo];m�ruo7�1|bom�bm�
Canada today, releasing to the atmosphere about 9.6 kg CO2 per kg H2. SMR generates a large volume of by-product 
flue gas in which the CO2 concentration is relatively low, resulting in the need for an expensive add-on CCS 
technology |o�ruo7�1;� ļ0Ѵ�;Ľ�_�7uo];m��b|_�-�1-u0om�bm|;nsity of less than 1.5 kg CO2/kg H2. The ATR process 
generates a more concentrated CO2 stream, reducing the cost and improving the efficiency of CCS. While the 
electricity demand is higher in the ATR processķ�ļ0Ѵ�;Ľ�_�7uo];m�1-m�0;�ruo7�1;7�at a similar or slightly lower cost 
than SMR + CCS, and the carbon intensity of the produced hydrogen is less than 1 kg CO2/kg H2.  

Other hydrogen production technologies from carbon-based feedstocks include biomass, bitumen or coal 
gasification coupled to CCS or methane pyrolysis to hydrogen and carbon black. While coal and bitumen gasification 
are mature technologies, the others are not yet as mature or economically viable as ATR-CCS in regions with the 
geology for carbon storage. 

Figure 3.4 provides a breakdown of the estimated costs for blue hydrogen production (including CCS) from natural 
gas today (Figure 3.4A) by 2030 (Figure 3.4B) and in a future, mature hydrogen economy (Figure 3.4C). 

 

Figure 3.4 The effect of natural gas cost & scale of production (tH2/d) on the levelized cost of H2 (LCOH) 
from a steam methane reformer coupled to carbon capture and storage today (A), in 2030 (B) and 
in the future (C) when the market is mature. 

Model adapted from the ���Ľv��|�u;�o=���7uo];m�!;rou|�ŒƑƐœĺ 

The calculations were based on the �m|;um-|bom-Ѵ��m;u]���];m1�Ľv� ļ�|�u;�o=���7uo];mĽ� ŒƑƐœ�model assuming a 
Canada-US dollar exchange rate of $C0.76 per $US1 and an 8% return on capital cost investment. The upper plots 
in Figure 3.4 show the effect of natural gas price ($0 to $10/GJhhv) and the scale of hydrogen production (100 to 
600 t H2/d) on the levelized cost of H2 production. On each surface plot, three case studies are highlighted: 

� A reference case based on a 215 t H2/day reformer (based on the IEA model) and a NG feedstock price 
of $1.79/GJhhv NG (average of Alberta prices over the last 5 years, Figure 2.3). 

� An Alberta (AB) scenario assuming a 400 t H2/day reformer and a NG feedstock price of C$2/GJhhv. 
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� A high NG price (i.e., Nova Scotia (NS)) scenario which takes into account a C$9/GJhhv price for natural 
gas and a smaller (100 t H2/day) reformer. 

With proven technologies today and a natural gas cost typical of the 2015-2020 period (C$1.79/GJhhv), the levelized 
cost of hydrogen (LCOH) for the reference scenario is C$1.63/kg H2 (Figure 3.4A). However, with improvements in 
larger-scale deployment of technologies linking H2 production to carbon capture and storage, the LCOH is projected 
to decrease to C$1.38/kg H2 by 2030 (Figure 3.4B) and eventually to C$1.32/kg H2 (Figure 3.4C). 

Note that even in markets like Nova Scotia with high prices for natural gas, the LCOH for blue hydrogen is similar 
to, or lower than, the cost of green hydrogen (Figure 3.3), assuming that the geology can be found nearby for 
permanent geological storage. However, the cost reductions for green hydrogen production over the next 10-20 
years are projected to be steeper than that for blue hydrogen, so green hydrogen could out-compete blue hydrogen 
production costs in such markets by 2030 and beyond. 

The bar charts in Figure 3.4A 1olr-u;�|o7-�Ľv������=ou�]u-��-m7�0Ѵ�;�_�7uo];m�ruo7�1|bomķ�v_o�bm]�-�7b==;u;m|b-Ѵ�
cost of C$0.65/kg H2. This translates to a CCS cost of C$74.37/t CO2. This CCS cost is low compared to many 
estimates for post-combustion CCS costs from coal etc., and it does not consider the potential for other income that 
could be generated by selling the CO2 into markets that could use it or in generating CO2 credits from government 
programs. 

3.4 The Economics of Moving Hydrogen and Building Fueling 
Stations 

Production costs are only one component of the hydrogen value chain. Transportation and delivery costs must be 
considered when assessing the challenge of achieving a retail cost for hydrogen that is competitive with the 
incumbent fuel supply (Figure 3.1). 

The total delivered cost at a fueling station for heavy-duty vehicles includes the cost of hydrogen production, the 
cost of compressing or liquefying the hydrogen and moving it by truck or pipeline to the station, and the cost of 
building and operating the fueling station. Figure 3.5 summarizes the findings from a recent study [26] that calculated 
the costs of hydrogen production, processing & transport of the hydrogen, and the cost of fueling station 
construction and operation. The yellow shading in the 

https://www.h2-view.com/story/green-hydrogen-costs-to-fall-by-up-to-64-by-2040/


TRANSITION ACCELERATOR REPORTS 
Volume 5 Ŏ��vv�;�1 Ŏ�February 2023 

TOWARDS A FUEL HYDROGEN ECONOMY IN THE CALGARY REGION: A FEASIBILITY STUDY 17 

 

Figure 3.5 An Overview of the Economics for Producing, Processing and Transporting Hydrogen and for 
Providing Fueling Stations for HD Vehicles 

 

 

 

Background of the figures shows the target price ranges for hydrogen as a heating fuel (C$2-C$3/kg H2) or as a 
transportation fuel for heavy-duty vehicles (C$5-C$8/kg H2) as discussed previously (Figure 3.1). These retail target 
prices are higher than the US Department of Energy (Office of Scientific and Technical Information) target price for 
hydrogen of US$1 per 1 kg in one decade [27], but they include more than just the production cost. 

Lessons from Figure 3.5 -m7�|_;�$u-mvb|bom��11;Ѵ;u-|ouĽv�(-Ѵ�;�Chain report [26] include: 

� In addition to the cost of hydrogen production, how the gas hydrogen is delivered and the size of the fueling 
stations have a significant impact on the economic viability.  

� Smaller demand and short-haul distances are best served by truck transport of compressed or liquified 
hydrogen. While liquid hydrogen production adds significant cost, the fueling station costs with liquid hydrogen 
are lower. 

� Long distance and large-scale hydrogen delivery is most economically serviced by pipeline, but this is only 
feasible if the pipeline's throughput is substantial. Generally, keeping the H2 transport cost below $1/kg, a 
demand of 1 t H2/d is needed for each km distance [34]. Therefore, if hydrogen needs to be transported 50 km, 
a demand of at least 50 t H2/d is needed. 

� For heating applications, pipeline transport of hydrogen is the only economically viable alternative. 

� For fueling stations, the scale has the most dramatic impact on cost, but how the hydrogen arrives at the station 
also plays a role due to the cost of compression of the gas to the 450 bars or more that is required to fill the 
350 bar tanks on vehicles. In addition, liquified hydrogen has a benefit since as it warms, it generates its own 
pressure without a compressor.  

Comparison of fuel cost for heating, transport, and power generation on an energy basis with the energy equivalent value for hydrogen, 
to demonstrate the range of hydrogen cost required to maintain retail cost parity. Current production cost range for blue and green 
are indicated, with blue having the lowest production cost. 

SOURCE: The Transition Accelerator 
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� These calculations assume the hydrogen will be stored on the vehicles as a compressed gas at 350 bar, but it is 
worth noting that considerable effort is being invested to allow liquid hydrogen onboard storage for vehicles 
that use a lot of fuel and drive long distances [28], [29]. As a result, such vehicles should be able to carry more 
fuel with less weight and travel up to 1000 km between refuelling.  

� Internal combustion diesel engines tend to be relatively efficient (perhaps 40% efficient), especially when 
running continuously at 90 km/yr, so the drivetrain advantage of a hydrogen fuel cell electric vehicle (estimated 
efficiency of 47%) delivers a relative efficiency of about 0.85 J H2/J diesel.  

� Gasoline engines in smaller vehicles tend to be less efficient (20% to 25%), especially in stop-and-go traffic.  
Therefore, similar hydrogen fuel cell electric vehicles can outperform them and deliver relative efficiencies of 
0.4 to 0.5 J H2/J gasoline. However, plug-in battery electric vehicles show even better efficiencies of 0.25 J 
electricity/J gasoline, so they tend to be preferred as the net-zero option unless there is a need for long distances 
and rapid refuelling. 

� If a typical truck stop/card-lock station serves 150 Class 8 trucks per day (10 vehicles per hour for a 15 hr day), 
and each vehicle purchases an average of 200L fuel, fuel demand will be 30,000 L/station per day. A hydrogen 
fuel cell station of a similar size serving 150 trucks would supply each vehicle with about 45.9 kg H2 per filling 
for a total of 6.9 t H2/day. If serving municipal buses that use 23 kg H2/day, a station of this size would support 
300 hydrogen fuel cell buses. Such a station should be highly profitable.   

� The Transition Accelerator estimates that a truck fueling station delivering 4 t H2/day (to allow for variability in 
demand with a day of week and season, the station would need to be larger than that) and serving an average 
of 87 Class 8 long haul trucks per day (45.9 kg H2/refill) is a good target for efficiency of scale to achieve minimal 
economic viability.  Smaller stations are possible, but certainly not smaller than 1 or 2 t H2/day unless substantive 
public subsidies are available. 

The value chain study is based on low-cost, centralized production of hydrogen and then moving it to strategically 
located fueling stations. An alternative approach that needs more study is the smaller-scale, distributed hydrogen 
production adjacent to where fueling stations are required. The additional cost of this hydrogen production could 
be offset by savings in the cost of hydrogen processing (e.g. liquefaction) and transport. Specific opportunities 
currently being explored by the Transition Accelerator include: 

� Dedicated wind and solar farms supporting electrolytic hydrogen production for strategically located fueling 
stations 

� Grid-operated electrolytic hydrogen production backed by power-purchase agreements with wind and solar 
electricity producers 

� Methane pyrolysis production of hydrogen, with and without access to a low carbon electricity supply, and 
with and without a market for the carbon black by-product. 

� Municipal waste or residual biomass production of hydrogen with or without carbon capture and geological 
storage 

� Small-scale steam methane reforming of hydrogen with or without carbon capture and geological storage, and 
|_;�rovvb0bѴb|��o=�r�u1_-vbm]�ľ0Ѵ�;�_�7uo];m�1u;7b|vĿ�=uol�1;m|u-Ѵb�;7�-�|o�|_;ul-Ѵ�u;=oulbm]�rѴ-m|v�|_-|��bѴѴ�
be deployed in Canada in the next few years. 

� The use of other low GHG energy carriers (renewable methanol, low-carbon ammonia, biogas from landfills or 
anaerobic digesters) to make hydrogen 

The techno-economic analyses associated with these studies will consider recent policy initiatives like the 
Investment Tax Credit for CCS, the clean fuel regulations, and the clean hydrogen investment tax credit. 

 

https://www.cbc.ca/news/canada/calgary/canada-usa-carbon-initiative-incentive-1.6629557
https://laws-lois.justice.gc.ca/eng/regulations/SOR-2022-140/index.html
https://www.bennettjones.com/Blogs-Section/Canadian-Investment-Tax-Credits-for-Clean-Technologies-and-Clean-Hydrogen-Announced
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4 TOP-DOWN ESTIMATES OF 
FUEL HYDROGEN MARKET IN 
A NET-ZERO FUTURE 

4.1 Introduction  
In Alberta, the majority of energy use and emissions are associated with oil and gas recovery and processing. Much 
of the fossil energy recovered in Alberta is exported to other jurisdictions in Canada or the USA as crude oil or 
natural gas, but some are also processed to produce carbon-intense energy carriers like gasoline, diesel, jet fuel and 
natural gas consumed in the province.  

In this section, we focus on the end-use demand for fossil-fuel-based energy carriers and the potential for hydrogen 
to be a zero-emission energy carrier in a net zero-emission energy future. Through its Office of Energy Efficiency, 
Natural Resources Canada maintains a Comprehensive Energy Use Database [2] on the end use of energy and the 
associated greenhouse gas (GHG) emissions by sector and region of Canada. 

When combusted, these energy carriers release carbon dioxide (CO2) into the atmosphere, a powerful greenhouse 
gas known to contribute to climate change. That reality has nations and companies worldwide looking for zero-
emission alternatives, like electricity and hydrogen, so long as the alternatives are produced with little or no GHG 
emissions. The shift to a net zero energy system does not necessarily mean the end of Alberta's oil and gas sector, 
but it would dramatically change the sector by altering how and what energy carriers it produces for domestic and 
export markets. It could create new opportunities and businesses in evolving clean energy supply chains. 

In this section, we quantify the market potential for fuel hydrogen based on the 2019 (pre-COVID) data for the 
province of Alberta extracted from the Comprehensive Energy Use Database (CEUD) and prorated for the Calgary 
Region. This assessment is a first look at the region's market potential for fuel hydrogen. 

4.2 Transportation 
In 2019, energy use by all vehicular transportation in Alberta was 455 Peta Joules (PJ), as summarized in Table 4.1 
(Column A). NRCan consumption data is categorized by various sizes and functions of the vehicle, with the largest 
shares in transportation being medium (MD) and heavy-duty (HD) at 45% of fuel energy demand, light-duty (LD) 
vehicles at 35%, and air transport at 9%; the rest is split between rail, buses, and off-road vehicles (Table 4.1).  

In the transition to net-zero, plug-in battery electric vehicles are typically seen as the technology of choice for 
personally owned, light-duty vehicles and even for most MD vehicles, but not HD vehicles. Challenges with range, 
refuelling time, vehicle weight and winter performance have focused the HD vehicle market on hydrogen fuel cell 
electric (HFCE) vehicles, especially for long haul applications that dominate, especially in Alberta.  
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Federal government policies have set a target for 2030 whereby 35% of MD and HD vehicles sales are zero-emission 
(ZEV), and by 2040, nearly 100% of MD and HD sales are ZEV. Since the half-life (i.e., 50% survival rate) for HD 
vehicles is about 8-10 years, meeting these targets should bring this sector to be near zero GHG emissions by 2050. 

Looking at the 2019 transportation demand data for Alberta, not considering future population growth, economic 
growth or behaviour change over the period to 2050, we generate a low estimate for the potential hydrogen demand 
in �Ѵ0;u|-Ľv�transportation sector. However, given that the Calgary Region has 37% of the Alberta population, the 
provincial number can be prorated for the Calgary Region.  

 

Table 4.1 Calculation of the Possible Fuel Hydrogen Demand for Transportation in a Future Net-Zero 
Emission Energy System with the Energy Demand of Alberta in 2019. 

 

Assuming net-zero transportation options for energy carriers include electric, drop-in biofuels or hydrogen, we 
allocated a percentage of each vehicle type to hydrogen (Table 4.1, Column B). The chosen values ranged from 10% 
or less (light-duty vehicles, school buses, etc.) to 80% or more (HD trucks and trains). The smaller percentages were 

A B C D E F G H

 H2 displaces Rel Effic Calgary
PJ hhv J H2/j FF PJ/yr kt H2/yr t H2/d t H2/d

1 Cars 41.2 10% 4.12 0.4 1.65 11.6 31.9 11.8
2 Passenger Light Trucks 74.2 10% 7.42 0.4 2.97 20.9 57.4 21.2
3 Motorcycles 0.9 5% 0.04 0.7 0.03 0.21 0.59 0.2
4 Freight Light Trucks 42.2 10% 4.22 0.4 1.69 11.9 32.6 12.1
5 School Buses 2.2 10% 0.22 0.59 0.13 0.93 2.55 0.94
6 Urban Transit 6.8 60% 4.09 0.59 2.41 17.0 46.6 17.2
7 Inter-City Buses 0.8 80% 0.62 0.8 0.50 3.52 9.64 3.57
8 MD trucks MD  Trucks 94.8 20% 18.95 0.85 16.1 114 311 115.2
9 HD Trucks HD Trucks 111 80% 88.77 0.85 75.5 533 1459 540

10 Passenger Rail 0.6 50% 0.31 0.55 0.17 1.19 3.26 1.2
11 Freight Rail 25.8 100% 25.80 0.55 14.2 100 274.3 101
12 Passenger Air 40.3 50% 20.14 1 20.1 142 389.4 144
13 Freight Air 0.9 50% 0.43 1 0.43 3.00 8.23 3.05
14 Off-Road 13.2 50% 6.60 0.85 5.61 39.6 108 40.1
15 Marine 0.0 0% 0.00 0.85 0.00 0.00 0.00 0.0
16 TOTAL 455 182 141 998.4 2735 1012

Footnotes:

H. Column G X 37% (proportion of Alberta population living in Calgary region)

A.  From Comprehensive Energy Use Database for Alberta in 2019.  Transportation Table 7 
(https://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/menus/trends/comprehensive_tables/list.cfm)
B.  Assumes net-zero Transportation options include battery Electric, Biofuel or Hydrogen fuel cell electric.  Percent allocated 
to hydrogen was based on  limitations in biofeedstock availability for and poor fit for service for battery electric.
C. Column A X Column B
D. Estimated efficiency of H2 fuel cell electric vehicles compared to the incumbent internal combustion engine.  Lower  values 
(= improved efficiency) was assigned to vehicles that would benefit from regenerative breaking and electric drive.  For Air 
transport, h2 is assumed to be used in jet engines with similar efficiency to current technology.
E. Column C X Column D
F. Column E ÷ 141.7 TJ hhv/kt H2 (energy content of hydrogen)

PJ hhv/yr % to H2
H2 Demand: Alberta

G. Column F ÷ 365 days/yr

Transportation

LD  
Vehicles

Buses

Air

Rail

Off road
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assigned to vehicle types where plug-in electric should be the most competitive, and the higher values were assigned 
to vehicle types requiring onboard fuel, rapid refuelling, long travel distances and heavy load, but the scale of demand 
eliminated biofuels as a credible option. 

In the bus vehicle class, most school and smaller intercity buses could be BEV, whereas longer haul intercity buses 
and urban transit buses were projected to be HFCE. Biofuels were projected to be a good fit for up to 50% of air 
transport and off-road vehicles, with hydrogen accounting for the other 50%. 

Applying these assumptions, hydrogen was calculated to displace the diesel energy equivalent values shown in Table 
4.1, Column C. However, when paired with a fuel cell and electric motor, a hydrogen-fueled vehicle can be 
significantly more efficient in converting chemical energy into motive force than a diesel-ICE vehicle.  Therefore, we 
7;=bm;7�|_;�|;ul�ļ!;Ѵ-|b�;��==b1b;m1�Ľ�|o�7;=bm;�|_;�fo�Ѵ;v�o=��2 needed to provide the same energy service as a joule 
of diesel. 

A lower number for relative efficiency (in Column D) reflects a more efficient hydrogen electric drivetrain of a fuel 
cell electric engine compared to diesel consumption in an internal combustion engine.  The drivetrain advantage 
tends to be greater when compared to gasoline vehicles or vehicles that stop and go since HFCE can benefit from 
regenerative braking and no idling. In planes, we assume hydrogen would be combusted in a jet engine similar to jet 
fuel, so relative efficiency was set to equal one.  

Utilizing these transition assumptions and the detailed transport fuel use in 2019, it can be estimated that 40% (or 
182 PJ) of transportation demand in Alberta will be satisfied by hydrogen, with the total potential demand for 
hydrogen being an average of 2,735 t/day (or 998 kt/year). This is equivalent to about half of the current industrial 
hydrogen production in the province. More than half (53%) of the total potential demand  

 

Figure 4.1 The energy use for transportation in Alberta in 2019 (pie chart) and the projected zero-emission 
fuel alternatives that the authors suggest are most appropriate in a net zero future (doughnut 
chart). 

See Table 4.1 and text for calculations and assumptions. 

is generated in HD (Class 8) vehicles; when taken together, MD and HD trucks, trains, air, and buses account for 
92% of hydrogen demand. Prorating to a population base of 37% for the Calgary Region, the regional estimate for 
H2 use in transportation is 1,012 t H2/day. 
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Drawing on the discussion in Section 3.4, above, and assuming a typical fueling station delivers 7 t H2/day, the 
Calgary Region would need 145 fueling stations. Assuming a conservative hydrogen retail price of $6.50/kg H2, the 
1012 t H2/day would result in sales of $2.4 Billion/yr. 

4.3 Buildings 
Alberta utilized 448 PJ of energy in 2019 for residential and commercial building heating and space and water 
heating (Table 4.2). Of 448 PJ/year, space and water heating (typically provided by natural gas) account for 87% of 
building energy for residential and 71% for the commercial sector; the remaining balance is for electricity and 
cooking.  

As with the transportation sector discussed previously, the potential for hydrogen use in residential and commercial 
buildings was estimated using the 2019 energy system, not counting future population growth, economic growth or 
behaviour change over the period to 2050. However, energy efficiencies due to improved building standards and 
retrofits of existing buildings could balance population growth. If so, these 2019 estimates may be a reasonable 
2050 projection for the energy use by this sector in a business-as-usual energy future.  

Table 4.2 Calculation of Possible Fuel H2 Demand for Building Space & Water Heating in a Future Net-Zero 
Emission Energy System with an Energy Demand Similar to That of Alberta in 2019. 

 

In the transition of the building sector to net-zero emission, continued distributed combustion of natural gas will not 
be possible. Therefore, we considered renewable natural gas made from biological feedstocks, but a quick analysis 
shows that the province lacks sufficient feedstock to supply this demand without dramatically reducing the 
biosphere carbon stocks and increasing net GHG emissions.  
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We also considered using heat pumps, electricity-powered devices that move heat from outside to inside buildings 
�b|_�Ѵ;vv�;m;u]��|_-m�|_-|�m;;7;7�|o�];m;u-|;�_;-|�|_uo�]_�;Ѵ;1|ub1b|��ou�=�;Ѵ�1ol0�v|bomĺ��o�;�;uķ��Ѵ0;u|-Ľv�1oѴ7�
winter temperatures make air source heat pumps more challenging than more temperate climates. Ground source 
heat pumps have potential applications in Alberta but are very expensive to install and require land areas that would 
be challenging for many communities in Calgary. While there is likely to be an increased role for heat pumps in 
Alberta, widespread uptake would significantly increase demand for zero-emission electricity, especially in the 
winter months (Figure 4.2), when renewables tend to be less available.  

While more work needs to be done to explore Alberta's zero-emission space and water heating options, this study 
assumed 75% of 2019 demand would be met by retrofitting the existing natural gas distribution system for use with 
hydrogen. This would also require changing the control valves and fuel burners in furnaces and boilers. Such changes 
have been done in the past in other countries [35], and compared with other retrofit solutions, fuel hydrogen for 
space/water heating is probably the lowest cost. 

In the calculations in Table 4.2, we assumed that 75% of the 2019 demand for space and water heating shifts from 
natural gas to low GHG hydrogen (Column B). There would probably be a staged transition to hydrogen for heating, 
starting with pure hydrogen being mixed (up to 20% v/v) with natural gas at the cityĽv�]-v ļ]-|;vĽ, where high-
pressure gas drops to low-pressure for distribution to homes.  Once the infrastructure is in place, communities would 
be switched to hydrogen with a replacement of burner tips, valves, and fittings [35]. 

 

Figure 4.2 Calgary Region NG Demand (Space & Water Heating and Industrial Consumption) 
NG demand for power generation excluded. Values from ATCO by scaling from Calgary and Airdrie data. 

The relative efficiency for hydrogen in this role is set at 1.0 since hydrogen would be combusted for heat in a similar 
way to heat energy from natural gas (Table 4.2, Column D). As a result, the total estimated hydrogen demand for 
residential and commercial space and water heating in Alberta is 5,136 t/day (or 1,875 kt/yr), replacing the use of 
natural gas (Table 4.2 and Figure 4.3). As Calgary Region is 37% of Alberta, a regional estimate for hydrogen demand 
in the residential and commercial sectors is 1,900 t H2/day (Table 4.2, Column H). 
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           See Table 4.2 and text for calculations and assumptions. 

4.4 Electrical Generation 
Alberta used 86 terra-watt hours (TWh) of electrical generation in 2021, which represents 310 PJ of energy 
consumption where about one-third of the generation is produced and consumed ľ0ehind the fence,Ŀ�-m7�|�o-thirds 
is delivered to users via the public grid (Figure 4.4). At present, natural gas provides over 75% of the electricity 
demand in Alberta, but this is rapidly changing and will likely change even more rapidly if the province is to meet 
federal commitments for a net zero grid by 2035 [36]. In 2021, wind, hydro and solar represented 15% of the 
generation; and almost 8% is ļ�|_;uĽ� ];m;u-|bom� that includes biomass generation and power imports through 
interties with British Columbia, Saskatchewan, and Montana. 

Hydrogen could play an essential uoѴ;�bm�|_;�|u-mvb|bom�o=��Ѵ0;u|-Ľv�;Ѵ;1|ub1-Ѵ�]ub7�|o��;uo�;lbvvbomvĺ�buv|ķ�b|�1o�Ѵ7�
support the build-out of intermittent renewables like wind and solar by providing a lower price for the electricity 
they generate when it exceeds grid demand. That excess, low-value electricity could be made into hydrogen, 
supporting the heavy transport sector. 

Alternatively, hydrogen can be a zero-emission fuel that can be used to generate baseload power, peak power or 
combined heat and power.  

 

Figure 4.3 Energy use by Residential (blue shaded sections in the pie chart) and Commercial buildings in 
Alberta in 2019 (pie chart), and the projected zero-emission fuel alternatives that the authors 
suggest are most appropriate in a net zero future (doughnut chart). 
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Figure 4.4 Electricity Generation in Alberta in 2021, Attributed to the Conversion Technology. 
All blue-v_-7;7�|;1_moѴo]b;v�-u;�=�;Ѵ;7��b|_�m-|�u-Ѵ�]-vĺ� ļ�|_;uĽ� bm1Ѵ�7;v�blrou|;7�ro�;u�-m7�0bol-vv�];m;u-|bomĺ�	-|-�=uol��Ѵ0;u|-�
Electrical System Operator (AESO). 

 

As a source of base load power generation, in a province like Alberta with geological resources for carbon capture 
and storage, there are some promising alternatives to hydrogen use in power generation. For example, carbon 
capture and storage (CCS) could be added to existing natural gas-fueled combined cycle power plants, and the by-
product CO2 could be permanently sequestered in the sub-surface. Alternatively, natural gas could be combusted 
with pure oxygen in a new kind of power plant (e.g., net power [37]) that uses the Allam Power Cycle [38]. It produces 
a pure CO2 stream that can be sequestered. In many places in Alberta, these technologies should be more cost-
effective than using hydrogen as a fuel. However, where geological sequestration is unavailable and low GHG 
baseload power is needed, hydrogen can be combusted in a combined cycle gas turbine to produce electricity. 

As a source of peak power or a backup to intermittent renewables, hydrogen-fueled single-cycle gas turbines or 
solid oxide fuel cells could provide the necessary electricity. In our calculations, we have assumed that 10% of 
provincial generation could be served by Peaker Plants using hydrogen (Table 4.3). 

T_;ul-Ѵ�7;l-m7�o=��Ѵ0;u|-Ľv�bndustrial sector accounts for the large role of cogeneration (e.g., combined heat and 
power), and it will be challenging to meet this demand in a net-zero future. Post-combustion CO2 capture and storage 
could work in facilities close to a geological storage site or pipelines; however other solutions are needed. Small 
modular nuclear reactors are being considered for deployment [39,40], and hydrogen is a credible option for 
cogeneration. In our calculations, we have assumed that 20% of electricity from industrial cogeneration could be 
served by hydrogen (Table 4.3). 

Based on these assumptions, 93 PJe/yr would be generated yearly from low-carbon hydrogen. Assuming gas turbine 
technology for Peaker Plants and cogeneration facilities [41,42,43], 3 to 3.3 GJ H2 would be needed to generate 
each GJ of electricity (Table 4.3, Column B), resulting in a fuel hydrogen demand of 298 PJ H2/yr that would be 
required, equivalent to an average demand of 5,757 t H2/day. 

Assuming the Calgary Region generates a population-weighted fraction of that electricity, the hydrogen demand 
would be 2,130 t H2/d.  
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Table 4.3 Calculation of Possible Fuel H2 Demand for Power Generation in a Future Net-Zero Emission 
Energy System with a Total Electricity Demand Similar to Present Day. 

 

4.5 Top-Down Summary 
Bringing together the calculations from Tables 4.1, 4.2 and 4.3, this sums to a total fuel hydrogen potential for the 
province of 13,629 t H2/d, of which the population-based allocation for the Calgary Region is 5,043 t H2/d (Figure 
4.5).   

In the short term (i.e., next decade), transportation markets for fuel hydrogen seem to be the most promising given 
technology readiness and economics. During this period, many pilots and early demonstration projects to explore 
hydrogen use for heating applications (space, water, and industrial processes) and power applications are likely to 
be deployed. Larger-scale commercial deployment of hydrogen for heat and power generation is thought to occur 
in the mid-2030s, as this will require pipeline delivery of low-cost, low-GHG fuel hydrogen.  

Assuming a wholesale price of $2.50/kg H2, Alberta's domestic fuel hydrogen market could represent a $12.4 
billion/year economic opportunity. 

It is important to note that this estimated demand does not account for the potential use of hydrogen in provincial 
industrial sectors (e.g., oil and gas, cement, fertilizers, etc.), nor does it account for future population or economic 
growth of the province, or potential for export to other markets, whether to the other Canadian provinces, United 
States or overseas. Hence, the market size for fuel hydrogen presented here is conservative, especially considering 
export markets. 

Current hydrogen production in Alberta for use as an industrial feedstock has been estimated to be about 5,400 t 
H2/d, so that the domestic fuel hydrogen market would be about 2.5 times larger than todayĽs industrial feedstock 
market. This new market demand for low carbon fuel hydrogen could be supplied by 11 large (about 500 t H2/day) 
Autothermal Reformers that would each produce a pure CO2 stream of 4200 t CO2/d (1.5 Mt CO2/yr), requiring a 
total geological sequestration potential of 17 Mt CO2/yr. 
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Figure 4.5 Estimate of Potential Domestic Market for Fuel H2 in Alberta in a Net-Zero Emission Energy 

Future 
Based on the current size of the energy systems in the province. Values from Tables 4.1, 4.2 and 4.3. 

Alternatively, to produce just the 2,735 t H2/day needed for the projected heavy transportation market from water 
electrolysis (i.e., ļ]u;;m� _�7uo];mĽő� �o�Ѵ7� u;t�bu;� -0o�|� ƔƑ� $)_ņ�;-u� o=� m;�� ];m;u-|bomķ� ;t�b�-Ѵ;m|� |o� -� ƖƏѷ�
increase in the size of the current public electricity grid in Alberta, and all of that generation would need to be with 
minimal or no GHG emissions. This is why energy systems analysis for regions like Alberta with sizeable natural gas 
reserves and geological storage capacity see blue hydrogen dominating the fuel hydrogen market. 
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5 CITY OF CALGARY-OWNED 
INFRASTRUCTURE 

5.1 Introduction 
In the transition to a future, net-zero emission energy system, Section 4 of this report made a case that the Calgary 
Region has the potential to use over 5,000 t H2/day. While most of this regional demand will be associated with 
energy use by individuals and corporations [44], municipalities are also major energy users, o=|;m�v;;m�-v�b7;-Ѵ�ļ;-uѴ��
adopters for a new fuel hydrogen economy. This is especially true in regions that see opportunities for economic 
development and new market opportunities.  

In November 2021, the City of Calgary declared a Climate Emergency [45], and in July 2022, the city council 
approved their Climate Strategy that included a commitment to achieve net zero emissions by 2050. With such a 
commitment, the City of Calgary has the potential to be an early adopter of fuel hydrogen in four areas where the 
city has the infrastructure and uses energy. These will be considered in the following sections. 

5.2 Municipal Transit 
In 2019 (pre-COVID), Calgary Transit had 1024 buses that consumed 23 million L (ML) of diesel (Table 5.1, Column 
C), 3.4 ML of gasoline (Table 5.1, Column D) and 1.3 MLŋdiesel equivalent (ML-de) of compressed natural gas (CNG, 
Table 5.1, Column E). Note that 2019 was the first year for CNG buses in the city fleet, and CNG consumption in 
2021 was 2.1 times the amount used in 2019. 

The energy embedded in the transportation fuel supplying these buses totalled 1045 TJhhv/yr (Table 5.1, Column I). 
In the transition to a net zero future, some of these buses will be plug-in electric and others (the larger vehicles 
travelling longer distances) will be hydrogen fuel cell electric (HFCE). For more than 50% of the vehicles projected 
to transition to HFCE (Table 5.1, Column J), the drive train efficiency improvements (Table 5.1, Column L) result in 
a fuel hydrogen demand of only 322 TJhhv/yr, equivalent to 6.2 t H2/d. (Table 5.1, Column O).  

To manage the changes in the transit fleet, the City of Calgary will need to construct and operate hydrogen fueling 
infrastructure. This would likely occur at one or more of the existing Calgary Transit garages. The location of the 
Calgary Transit bus garages, as shown in Figure 5.1, are along major traffic corridors, except for the Victoria Park 
garage (#3). The Stoney garage (#1) is located near the Stoney Trail and Deerfoot Trail intersection in NE Calgary. 
With its CNG fueling capabilities, it may be a natural choice for a hydrogen fueling station. Likewise, the Spring 
Gardens garage (#2) is located very close to Deerfoot Trail and 32nd Avenue NE, which is along a primary traffic 
corridor. Finally, t_;��m7;uvom�]-u-];�ŐŲƓő�bv�Ѵo1-|;7�bm�|_;��b|�Ľv�")�-m7�v;u�;v�-v�0o|_�-�|u-mvb|�0�v�]-u-];�-m7�-�
large LRT station. Future construction of hydrogen pipelines may be possible along these major traffic corridors if 
the City has sufficient Right of Way access and land ownership. 

https://www.calgary.ca/environment/climate/climate-strategy.html
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Table 5.1 Estimate of Fuel H2 Demand for Transit Buses in the City of Calgary Should the 2019 Fleet 
Transition to Net Zero. 

 

 

Figure 5.1 Location of Calgary Transit Garage, Fueling and Maintenance Facilities. 

 

A B C D E F G H I J K L M N O
Rel Effic

Diesel Gasoline CNG Diesel Gasoline CNG Total J H2/J TJhhv kt H2/y t H2/d
1 Standard 40' 746 18.9 - 1.3 731 - 52.0 783 60% 448 0.53 249 1.76 4.82
2 Articulated 60' 95 3.2 - - 123 - - 123 100% 95 0.53 65.2 0.46 1.26
3 Shuttle buses 183 0.6 3.4 - 23.7 116 - 139 10% 18 0.53 7.4 0.05 0.14
4 TOTAL: 1024 22.7 3.4 1.3 878 116 52.0 1045 - 561 - 322 2.27 6.22

Total Fuel H2 demand Fuel use (ML or ML-de/yr) Fuel Use (TJ hhv/yr)Transit Fleet # 
Buses

 # Share 
to H2

# H2 
Buses

Footnotes

N. Column M divided by 141.7 TJhhv H2/kt
M. Calculated from Column I  X  Column J  X  Column L.
L. From Barclays Official California Code of Regulations (Westlaw, 2022)
K. Column B * Column J.

A to E: Data provided by City of Calgary
3. Total fleet of 183 community shuttles, each with a capacity of up to 20 riders.  Most are likely to be plug-in electric. 
2. Total fleet of 95 60 foot, articulated buses. A similair H2 bus would carry about 60 kg of H2, but typically use about 30 to 35 kg H2/d 
1. Total fleet of 746 40 foot buses. A 40 foot H2 bus would carry 37.5 kg of H2, but typically use about 20-25 kg H2/d

O. Column N * 1000/365 days/ year. 

J. Assumptions based on a fleet transition study completed for the City of Edmonton by Zen Clean Energy Solutions in 2022.
I: Sum of Column F to H.
F to H. Calculated from Columns B to D using energy contents of 38.6 MJ hhv/L for diesel or Diesel equivalent(de) and 34.2 MJ/L for gasoline. 
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5.3 Other Municipal Vehicles 
The City of Calgary owns another 3929 vehicles that used 699 TJhhv of diesel and gasoline fuel in 2019 (Table 5.2, 
Columns A to F), not counting police and fire services. Of this total, there are 1037 heavy-duty vehicles such as 
gravel trucks, graders, waste and recycling trucks, and road cleaning and repairing units. In addition, the fleet also 
includes 1798 light-duty vehicles and 1094 motorized/specialized equipment pieces. While we did not receive a 
breakdown of types of trips or distance (km) travelled per year, the vehicle numbers and average fuel use suggest 
that their fuel requirements per vehicle are low compared to the bus fleet. Consequently, we assumed that most 
vehicle types could transition to battery electric in a net zero-emission future. 

However, some heavy-duty vehicles and those requiring long service hours (e.g., snowplows and garbage trucks) 
may benefit from HFCE drivetrains. Here we assume that 30% of the energy needs for these non-transit vehicles 
transition to HFCE vehicles (i.e., typically those vehicles that drive longer distances and/or carry a heavier load and 
require rapid refuelling). 

Table 5.2 summarizes the findings. Using the 2019 data, an assumption on the share of hydrogen and relative 
efficiency, fuel hydrogen demand for other non-transit city-owned vehicles could amount to 3.5 t H2/day. 

Figure 5.2 provides a summary figure showing the proportion of the 2019 transportation fuel use that could be 
displaced by hydrogen. Considering the efficiency improvements of fuel cell electric drive vehicles compared to 
internal combustion engine vehicles, the total hydrogen demand was projected to be 9.7 t H2/day. 

 

Table 5.2 Estimate of Fuel Hydrogen Demand for Non-Transit, City of Calgary Vehicles in 2019. 
Assuming a transition to net zero GHG emissions. Vehicles belonging to Calgary Police and Fire Services are not included. 
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Figure 5.2 Summary of Fuel Use by City of Calgary Vehicles in 2019. 
Pie chart (total 1745 TJhhv/yr) and our estimate of the proportion for which hydrogen (red shading in doughnut chart) could be the zero-
emission =�;Ѵ�o=�1_ob1;�bm�-�m;|��;uo�=�|�u;ĺ�ļ�|_;uĽ��;uo�;lbvvbom�=�;Ѵv�Ő�;ѴѴo��v_-7bm]�bm�7o�]_m�|�1_-u|ő�bm1Ѵ�7;�;Ѵ;1|ub1b|��-m7�0 iofuels. 

5.4 Natural Gas & Electricity Demand for Built Spaces 
The City of Calgary also uses large amounts of natural gas and electricity within its built spaces. In 2019, natural gas 
(1876 TJhhv/yr) and electricity use (1768 TJe/yr) by the City were similar to the levels of City-owned transportation 
(1745 TJhhv/yr). Figure 5.3 summarizes the major City-owned facilities that are responsible for this energy use. 

 

Figure 5.3 Natural Gas (A) and Electricity (B) Use by City of Calgary Owned Infrastructure in 2019. 
Data from the City of Calgary. 
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For electricity demand, the Cb|�Ľv��-|;u�-m7��-v|;�-|;u�|u;-|l;m|�=-1bѴb|b;v�7u-��|_;�lov|�ro�;u�ŐFigure 5.3B) and 
are also major natural gas users (Figure 5.3 A). In addition, the C-Train and street lighting have significant demands 
for electricity. On the natural gas side, Calgary's transit facilities collectively use the most gas, followed by the water 
and wastewater treatment facilities.  

The largest single-demand location for natural gas is the Bonnybrook Wastewater Treatment facility, followed by 
the Spring Gardens Transit garage. The wastewater and water treatment facilities and the transit garages collectively 
consume 43.5% of the Cb|�Ľv�m-|�u-Ѵ�]-v��v;�annually. The other large stand-alone structure, the Village Square 
�;bv�u;��;m|u;ķ�bv�-Ѵvo�-�vb]mb=b1-m|�7;l-m7�vo�u1;ķ�1omv�lbm]�Ɣѷ�o=�|_;��b|�Ľv total natural gas demand.  

In Figure 5.2B, the wastewater and water treatment facilities represent a large collective demand (26%) for 
electricity amongst City-owned infrastructure, followed by the C-train and street lighting.  

In the transition to net-zero emission energy systems, low GHG fuel hydrogen could provide an alternative to natural 
gas use, especially for space and water heating. Hydrogen can also be a fuel for combined heat and power generation 
and help to decarbonize electricity demand by City-owned infrastructure. Both options are explored here. 

In a net zero emission energy future, regions with cold winter temperatures and that lack large hydropower 
reservoirs that can store electricity for winter heating may need to use hydrogen for space and water heating.  In 
this case, the natural gas distribution system in cities would be repurposed to deliver hydrogen to each building, a 
concept that is being explored in the H21 project [46] and in the UK Hydrogen for Heat initiative [35].  

However, prototyping and testing hydrogen for space and water heating will be needed, and municipal buildings are 
ideal for this purpose. Larger buildings with substantial heat demand (ideally year-round) that are near pipeline 
corridors or hydrogen fueling stations would be desirable.  

The City of Calgary owns and provides natural gas for space and water heating in many buildings, but the ten most 
significant fuel users account for almost half (49%) of the total natural gas demand by the City of Calgary 
infrastructure. For example, of the 1832 TJhhv/yr of natural gas (NG) demand in City buildings, the 10 largest facilities 
use 895 TJhhv NG/yr (Table 5.3, Column C) and include: 

x Three waste-water treatment facilities 
x One water treatment facility  
x Four transit bus garages 
x One light rail maintenance facility  
x A recreational center 

 
Assuming, like natural gas, the hydrogen is combusted to deliver heat energy, only the fuel's lower heating value 
(lhv) can be accessed. With this adjustment, an estimated 954 TJhhv H2/yr would be required to provide heat energy 
for the City-owned facilities with the largest natural gas demand (Table 5.3, Column E). This is equivalent to 18.4 t 
H2/day (Table 5.3 column G), or about twice the projected hydrogen demand for City-owned vehicles. 
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Table 5.3 Estimate of H2 Required to Displace NG for Space & Water Heating in City of Calgary Owned 
Buildings. 

 

Cogeneration with Hydrogen to Produce Low GHG Heat and Power 

Municipal buildings also consume significant amounts of electricity delivered from �Ѵ0;u|-Ľv�r�0Ѵb1�]ub7, which is 
known to have a high carbon intensity (about 680 kg CO2e/MWh in 2019 [47]). Therefore, to decarbonize the Cb|�Ľv�
buildings, there is the potential to use fuel hydrogen with a cogeneration unit to meet the heat and electricity 
requirements of municipal buildings. 

Table 5.4 provides a calculation of the hydrogen demand scaled to meet the heat requirements of the ten City of 
Calgary facilities with the largest natural gas consumption. In these calculations, we assumed that the heat 
requirements were similar in all months of the year and, therefore, not tied to space heating (note: further work 
would be required to assess whether this assumption is valid). In addition, the cogeneration unit was assumed to be 
a reciprocal engine that rotates a generator to make electricity (efficiency: 40% of fuel higher heating value), and the 
water supplied to cool the engine is used to meet the heating requirements (efficiency: 40% of higher heating value), 
resulting in an 80% (hhv) efficiency. 

For the 10 buildings, the annual natural gas heat and grid electricity demand is 895 TJhhv NG/yr and 310 TJhhv 
electricity/yr, respectively (Table 5.4, Columns B and C). To meet that heat demand using a cogeneration unit, the 
natural gas demand would double to 1791 TJhhv NG/yr (Table 5.4, Column D), but some heat would be lost in the 
flue gas, and only about 1661 TJhhv heat/yr (Table 5.4, Column E) would be useful. However, if that useful heat was 
provided by hydrogen, more fuel would be required because when hydrogen burns, there is more water vapour/lost 
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heat in the flue gas compared to natural gas, resulting in a hydrogen requirement estimate of 1908 TJhhv H2/yr (Table 
5.4 Column G), equivalent to 34.6 t H2/day (Table 5.4, Column I).  

 
Table 5.4 Calculation of H2 Demand for Cogeneration from City of Calgary's Largest NG Demanding 

Facilities Where Cogeneration Is Scaled for Heat Demand. 
The calculation assumes useful heat and electricity recovery of 40% and 40% of the higher heat value of natural gas, respectively. 

 
 
While that is considerably more than the 18.4 t H2/day needed for a simple replacement of natural gas for heating 
(Table 5.3, Column G), the cogeneration unit also produces 199 GWh/yr of low GHG electricity (Table 5.4, Column 
K). The electricity generated can meet 231%, on average, of the annual demand of these buildings for power (Table 
5.4, Column M). The life cycle carbon intensity of the produced electricity was estimated to be 37 kg CO2e/MWhr 
(Table 5.4, Column O), while the heat provided by this system was estimated to have a carbon intensity of 13 kg 
CO2e/GJ (Table 5.4, Column P). 

The wastewater treatment facilities in the City of Calgary showed a reasonably good balance between their heat 
and power demand for deployment of a hydrogen-fueled cogeneration system, so such units may be worth exploring 
with these facilities. Figure 5.4 shows the location of three wastewater facilities in the City. They are along the Bow 
River and close to the Highway 2/Deerfoot Trail corridor. These facilities could help to anchor a north/south 
hydrogen distribution system that would also serve fueling stations for bus and heavy transport. 
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Figure 5.4 Potential Sites for H2 Cogeneration Facilities in Calgary Wastewater Treatment Facilities. 
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6 THE CALGARY 
INTERNATIONAL AIRPORT 

6.1 Introduction 
The Calgary Region is home to the Calgary International Airport, commonly referred to as YYC. On an annual basis, 
the Airport receives 18 million passengers and 4,305 cargo landings (2019) [20]. YYC has recently issued its 
Sustainability Strategy [48] that commits it to Net-Zero Scope 1 & 2 GHG emissions by 2050, with an 18% reduction 
over 2018 baseline Scope 1 & 2 emissions by 2025. As part of its strategy to reduce GHG emissions and energy use, 
YYC is focusing on low-carbon fleets and fuels. 

The Airport is viewed to be a potential early adopter of hydrogen in the concentrated demand areas of 
transportation, space and water heating and electricity generation.  

It is also advantageously located ŋ near provincial Highway 2 and the Stoney Ring Road (Highway 201) ŋ where 
potential exists to attract infrastructure that can support return to base operations and vehicles travelling on the 
corridor to Edmonton and the east-west corridor linking Winnipeg to Vancouver. 

In this section, the pre-COVID (2019) energy use at the Calgary airport will be used to estimate the potential market 
opportunity for fuel hydrogen to meet the transportation (ground and air), space and water heating and electricity 
needs of the airport.  

6.2 Airport Transportation 
Ground Vehicles. At the Calgary International Airport, fleets of ground vehicles are owned and operated by the 
airport itself and by the FSM Group on behalf of some airlines. 

Over the year, these ground vehicles consumed 4.26 ML/yr of gasoline and diesel fuel (Table 6.1, Column B), 
equivalent to 156 TJhhv/yr (Table 6.1, Column C), and generating life cycle GHG emissions of about 11 kt CO2e/yr 
(Table 6.1, Column D). 

Assuming all these vehicles transition to fuel hydrogen-supporting fuel cell electric (HFCE) vehicles, the fuel H2 
demand was estimated to be 87.4 TJhhv/yr (Table 6.1, Column G).  The lower fuel energy demand for these vehicles 
compared to the existing gasoline and diesel vehicles can be attributed to the more efficient fuel cell electric 
drivetrain in HFCE than what is found in Internal Combustion Engine (ICE) vehicles. A Relative Efficiency of 0.56 
was assumed here (Table 6.1, Column F) since many of the ICE ground vehicles idle between periods of use, and 
that is a condition where electrical drivetrains have a significant advantage. Electric vehicles also can use 
regenerative braking, a major benefit in the stop-and-go movements of airport ground vehicles. 
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Using these assumptions, the ground vehicles at the Calgary airport were projected to use an average of about 1.7 
t H2/day (Table 6.1, Column I). If that hydrogen is produced from natural gas with autothermal reforming coupled 
to CCS, and government programs to dramatically reduce upstream methane emissions to <1% are successful, the 
life cycle GHG emissions would be 0.93 kt CO2e/yr, equivalent to a 92% reduction (Table 6.1, Column J and K).  

It is essential to note the seasonal variation in fuel use by ground transportation. For example, the current monthly 
fuel use for ground vehicles in the winter is more than twice that in the summer, so sizing a hydrogen fueling station 
for the airport would need to take that into consideration.  

 

Table 6.1 Transportation Fuel Demand at the Calgary International Airport in 2019. 
Including that for ground vehicles (Rows 1-7), jet fuel for planes (Row 8), and a proposed passenger train to Banff (Row 9). These values 
were used to estimate the fuel hydrogen demand and greenhouse gas (GHG) reductions in a zero-emission energy system. 

 

Airplanes. Hydrogen, especially cryogenic liquid hydrogen, is being explored as a zero-emission fuel for air 
transport [49,50,51] because of its high gravimetric energy density (i.e., 142 MJhhv/kg H2), which is about 3.1 times 
higher than diesel (45.6 MJhhv/kg diesel). However, the volumetric energy density of liquid hydrogen (10 MJhhv/L) is 
only about 26% of the volumetric energy of diesel (38.3 MJhhv/L). Therefore, hydrogen-fueled planes of the future 
could be larger but lighter than the planes in use today. 



TRANSITION ACCELERATOR REPORTS 
Volume 5 Ŏ��vv�;�1 Ŏ�February 2023 

TOWARDS A FUEL HYDROGEN ECONOMY IN THE CALGARY REGION: A FEASIBILITY STUDY 38 

Planes being used for fewer passengers and shorter distances would likely use propellers, with hydrogen-powered 
fuel cells providing electric propulsion to turn the propellers. Larger planes, especially for long-distance flights, could 
burn hydrogen in jet engines [52].  

Pre-COVID (2019) jet fuel use at the Calgary airport was 656 ML/year (Table 6.1, Column B), equivalent to 24,844 
TJhhv/yr (Table 6.1, Column C). Therefore, life cycle emissions associated with the production and combustion of 
these fuels is about 1,685 kt CO2e/yr (Table 6.1, Column D). 

Assuming hydrogen replaces jet fuel as the zero-emission aviation fuel of the future, and it has the same efficiency 
in energy use per km travelled, the airport would need 480 t H2/day (Table 6.1, Column I), 285 times more than that 
needed by the ground vehicles. The life cycle emissions associated with this hydrogen production were estimated 
to be 263 kt CO2e/year, resulting in GHG reductions of 1422 kt CO2e/yr (Table 6.1, Column K) or 84%. 

Note that this estimate for fuel hydrogen demand is higher than that projected for all Alberta air transportation, as 
shown in Table 4.1 (Column G, Row 12+13). The difference is partly due to the fact that Table 4.1 assumed that 
only 50% of the jet fuel would be replaced by hydrogen (compared to 100% here). In addition, the jet fuel demand 
in Table 4.1 is only for domestic aviation, whereas the values presented in Table 6.1 include fuel used for domestic 
and international flights. 

Despite this considerable market potential for hydrogen-fueled airplanes, technologies are not yet ready for 
widespread deployment. A key issue is the availability of fuel at airports around the world. That will probably begin 
with fuel hydrogen supplying ground vehicles and perhaps airport heat and power generation. Once the fuel 
hydrogen is available at airports, planes could tap into/expand that infrastructure to access zero-emission hydrogen 
as jet fuel. 

�m�|_;�l;-m|bl;ķ�ļ7uor-bmĽ�0bo-based jet fuel can play an essential role in the decarbonization of air travel, and it is 
worth noting that hydrogen can play a critical role in the production of this fuel, either by hydrogenation of plant 
and animal fatty acids or in helping to upgrade/refine syngas produced from the gasification of lignocellulosic 
biomass (e.g. wood and straw). 

Trains. To reduce the GHG emissions associated with visitors travelling to the Banff National Park, two passenger 
trains have been proposed to run from the Calgary airport through downtown Calgary and then on to Cochrane, 
Canmore, and Banff, a distance of about 130 km each way. 

While funding for these trains has not yet been approved, there have been discussions that the train could be fueled 
by hydrogen [53] fuel cells. The Calgary airport would be an ideal place to refuel the train. Preliminary estimates of 
fuel use are provided in Table 6.1, Row 9, at 4.06 t H2/day. 

6.3 Space & Water Heating 
The ++�Ľv energy demand for space and water heating is met by natural gas delivered to the Airport by the ATCO 
system that delivers gas throughout the City of Calgary.  Figure 6.1 provides the monthly demand for natural gas 
(NG) at the Airport in 2019. In the winter months, demand can be up to 65 TJhhv NG per month, but this drops to 
only about 10.6 TJhhv/month in the summer (Table 6.2, Column C). Averaged over a year,  
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Figure 6.1 Monthly NG Demand for Space & Water Heating at the Calgary International Airport in 2019 
(bars) and the Estimate of Fuel H2 Demand in a Zero-Emission Energy System (dashed line). 

the NG use contributes about 21.4 kt CO2/yr in life cycle emissions to the atmosphere (Table 6.2, Column D). 

In a net-zero emission future, zero-emission energy carriers will be needed to provide space and water heating. 
Electricity made without GHG emissions could provide the energy, but this would be particularly challenging in 
Alberta, which is struggling to find zero-emission sources of electricity to meet its current needs.  Also, the peak in 
demand coincides with the time of year when renewables are least available. Moreover, seasonal electricity storage 
is expensive. 

Table 6.2 Natural Gas Demand for Space & Water Heating at the Calgary International Airport in 2019. 
And the estimate of fuel hydrogen demand and greenhouse gas (GHG) emission reductions in a zero-emission energy system. Note 
seasonal variation (Row 2 and 3). 

 

Fuel hydrogen provides a zero-emission solution that could use much of the existing natural gas infrastructure. Table 
6.2 provides a calculation for the potential fuel hydrogen demand for space and water heating at the Calgary 
International Airport. 
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Replacing the 360 TJhhv/yr of NG demand (Table 6.2, Column B) would require about 7.5 t H2/day, peaking in the 
winter at about 16.4 t H2/day and dropping to about 3.1 t H2/day in mid-summer (Table 6.2, Column I). Therefore, 
the life cycle GHG emissions associated with producing this hydrogen was estimated to be 4.1 kt CO2e/year (Table 
6.2, Column J), assuming that blue hydrogen is being made with auto-thermal reforming coupled to 95% CCS and 
federal programs to reduce upstream methane emissions are successful, resulting in life cycle emission of only 1.5 g 
CO2e/g H2. 

At this life cycle, GHG intensity for hydrogen production, the reduction in GHG emissions should be 17.3 kt CO2e/yr 
(Table 5.2, Column K), equivalent to an 81% emission reduction based solely on a change in the fuel supply. In 
addition, improvements in the thermal efficiency and operation of the buildings could result in additional reductions. 

6.4 Power Generation (and Cogeneration) 
In 2019, the Calgary International Airport consumed about 116 GWh/yr of grid electricity (Table 6.3, Column A). 
Using the GHG intensity of the Alberta public grid (680 t CO2e/GWh [47]), the emissions associated with the 
Aburou|Ľv�;Ѵ;1|ub1b|���v; would be about 79 kt CO2e/year. In addition, upstream methane emissions are associated 
with the recovery and upgrading of the natural gas used for power generation. Assuming a 2% leak rate and a 100-
year global warming potential of 25, that adds another 14 kt CO2e/yr to give life cycle emissions associated with 
the Calgary International Airport at 93 kt CO2e/yr (Table 6.3, Column C). 

Fuel hydrogen creates an opportunity to decarbonize the electricity supply to the Calgary airport and potentially 
reduce the carbon intensity of space and water heating. A hydrogen fuel cell would have a very high conversion 
efficiency (Table 6.3, Column E) and be able to deliver the required electricity for a hydrogen demand of about 14.6 
t H2/d (Table 6.3, Column I and Item 1). The life cycle GHG emissions from this electricity generation would be about 
8 kt CO2e/year, resulting in a 92% reduction in GHG emissions (Table 6.3, Column K vs. C). However, utility-grade 
fuel cells are not a mature technology, and the capital costs remain high. 

If a hydrogen-fueled reciprocal engine [54] is used to generate the 116 GWh/yr, the fuel hydrogen demand would 
be about 20.1 t H2/day (Table 6.3, Column I, Row 2), assuming a 40% conversion efficiency. Therefore, the life cycle 
GHG emissions from this electricity generation would be about 11 kt CO2e/year, resulting in an 88% reduction in 
GHG emissions from power generation for the Calgary airport (Table 6.3, Column K vs. C). 

Reciprocal engines can also provide heat energy if deployed in a cogeneration mode (Table 6.3, Row 3 and 4). For 
example, assuming 40% of the fuel energy could be captured and used for space and water heating, a power 
generation facility at the Calgary airport could deliver 417 TJhhv/yr (1042 TJhhv/yr X 0.4), sufficient to meet the 
annual NG demand at the Calgary airport. However, unlike electricity demand, the demand for heat energy is highly 
seasonal (Figure 6.1), and long-term thermal energy storage is challenging. Hence, assuming only 50% of this thermal 
energy can be used, there would be an additional GHG reduction of 8.7 kt CO2e/yr (Table 6.3, Column K). 

While installing a power generation unit fueled by hydrogen is a significant capital undertaking, there are ways to 
offset some of the cost (e.g., carbon offset credits). Other opportunities for hydrogen, in connection with the Airport 
but not modelled for this report, would include taxi fleets, third-party delivery vehicles and buses that travel to and 
from the Airport. 
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Table 6.3 Grid Electricity Demand of the Calgary International Airport in 2019. 
Estimated hydrogen demand and greenhouse gas (GHG) emission savings if the electricity were generated on-site using fuel cells (Row 1), 
reciprocal engine (Row 2) or reciprocal engine cogeneration (Rows 3&4). 
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7 FREIGHT RAIL DEMAND 

7.1 Introduction 
According to a March 2021 report from the Association of American Railroads [55], rail usage is three to four times 
more fuel efficient than moving freight by truck. In terms of greenhouse gas (GHG) savings, a single freight train can 
remove the equivalent of several hundred heavy-duty trucks from the road [56]. While rail may be a more efficient 
way to move freight, it still requires large volumes of diesel fuel for the locomotives. Retrofitting diesel-electric 
locomotives with hydrogen tank storage and fuel cells is a promising strategy to decarbonize the freight rail sector. 
The rail sector could be an early adopter of hydrogen fuel cell technology in transitioning to a net-zero future.  

Rail could also provide a cost-effective strategy for distributing low-carbon hydrogen fuel. �-m-7-Ľv�u-bѴ�Ѵbm;v�tend 
to follow the same corridors as the major highways, so moving the compressed gas or cryogenic liquid could provide 
a valuable service for both road and rail transport. 

Canadian Pacific and Canadian National operate rail lines within the Calgary Region and provide services for multiple 
sectors. The main CP rail lines serving the region run parallel to Highway 1; both east and west of Calgary, and along 
Highway 2; north and south of Calgary. The CP systems continue west through British Columbia, connecting to west 
coast ports. In addition, CP has a large classifying yard and maintenance facility in southeast Calgary [57].  

CN has an Intermodal/Logistics Park located 9 miles east of Calgary [58] and has two lines that run east and north 
=uol� �-Ѵ]-u�Ľv� ;-v|;um� 0o�m7-ub;vĺ� �m;� Ѵbme travels north to the Edmonton area, primarily following Alberta 
Provincial Highway 21, and the second line travels northeast through the Drumheller region, connecting to 
Saskatoon and Saskatchewan.  $_bv�;mv�u;v�;==;1|b�;�1omm;1|b�b|��0;|�;;m���Ľv� �m|;ulodal facilities in Calgary, 
Edmonton, -m7�"-vh-|oomĺ���Ľv�v�v|;l�|_;m�1om|bm�;v��;v|�|_uo�]_��Ѵ0;u|-�-m7��ub|bv_��oѴ�l0b-ķ�|;ulbm-|bm]�bm�
both Vancouver and Prince Rupert on the west coast.  

 

Figure 7.1 Location of CP (red lines) and CN (blue lines) Infrastructure in Calgary Region [57,58, 59] 
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7.2 Fuel Use and Emission Reduction Potential 
In the Calgary Region in 2019, the freight rail sector consumed 58 ML diesel fuel, where ~90% is used by line-haul 
locomotives and 10% by switching locomotives (Table 7.1, Column B). The life cycle GHG emissions associated with 
fuel production and use accounts for about 229 kt CO2e/year (Table 7.1, Column D). 

The diesel-electric drivetrains on most freight locomotives today make it possible to retrofit these long-lasting 
vehicles to hydrogen fuel cell electric drivetrains, realizing a significant reduction in life cycle emissions and improved 
conversion efficiency compared to ICE locomotives. For example, if all of the locomotives in the Calgary Region 
were to transition to hydrogen (Table 7.1, Column E) and achieve a relative efficiency of 0.55 J H2/J diesel, the 
resulting fuel H2 demand would be 24 tH2/d (Table 7.1, Column I) with life cycle emissions of 13.1 kt CO2e/yr (Table 
7.1, Column J), equivalent to a 94% reduction in GHG emissions by the sector (Table 7.1, Column K).  

Converting from diesel-electric to hydrogen fuel cell electric will have meaningful impacts on GHG emissions and 
local air quality. 

Table 7.1 Hydrogen Demand in Total Freight Rail in the Calgary Region. 

 

7.3 ��Ľv���7uo];m��o1olo|b�;v 
In December 2020, Canadian Pacific (CP) -mmo�m1;7�|_;�1olr-m�Ľv�bm|;m|bomv�|o�7;�;Ѵor��ou|_��l;ub1-Ľv�first line-
haul hydrogen-powered locomotive [60]. Through its Hydrogen Locomotive Program, CP is retrofitting a line-haul 
locomotive with hydrogen fuel cells and battery technology to drive its electric traction motors. CP is currently 
conducting service tub-Ѵv�-m7�t�-Ѵb=b1-|bom�|;v|bm]�|o�;�-Ѵ�-|;�|_;�|;1_moѴo]�Ľv�u;-7bm;vv�=ou�|_;�=u;b]_|-rail sector.  

To support hydrogen locomotive operations, ATCO and CP announced a joint project that includes the installation 
of hydrogen production and fueling facilities at CP railyards in Calgary and Edmonton. The Calgary fueling facility 
will include an electrolysis plant to produce hydrogen from water. This facility will operate on renewable power from 
voѴ-u�r-m;Ѵv�-|���Ľv�_;-7t�-u|;u�1-lr�v�-m7�ruo7�1;��;uo�]u;;m_o�se gas emissions. The Edmonton facility will 
-Ѵvo�bm1Ѵ�7;�-m�;Ѵ;1|uoѴ�vbv�rѴ-m|�ro�;u;7�0���Ѵ0;u|-Ľv�;Ѵ;1|ub1b|��]ub7. [60,62,63,64]. 
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Utilization of rail for hydrogen and carbon dioxide transport may be a key to providing export and delivery service 
in the short term while physical pipeline infrastructure is being constructed and in the long term where pipeline 
infrastructure cannot be economically constructed.  
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8 HEAVY-DUTY ROAD FREIGHT  

8.1 Introduction 
Government policies to encourage the transition away from internal combustion engines and electrifying 
transportation vehicles have helped drive 8% of new personal vehicle registrations across Canada to be battery-
electric by early 2022 [65], and the upward trend is expected to continue and accelerate as new models become 
available. 

Battery electric medium-duty vehicles (Class 2B to 7 trucks, up to 15 t gross vehicle weight (GVW)) are also becoming 
available [66], and a new $547M federal program [67] has recently been launched to help zero-emission drivetrains 
gain market share in the medium and heavy-duty (Class 8, 15+ t GVW) vehicle sectors.  

While battery electric vehicles should be able to serve most of the needs for light and medium-duty vehicles, the 
heavy loads, long trips, and rapid refuelling requirements of heavy-duty vehicles (HDV) have positioned hydrogen 
as the zero-emission fuel of choice.  

 

Figure 8.1 Comparison of Medium Duty (MDV) and Heavy Duty (HDV) Vehicles Supporting Freight 
Transportation in Alberta. 

(-Ѵ�;v�=uol��!�-mĽv�1olru;_;mvb�;�;m;u]���v;�7-|-0-v;�=ou�ƑƏƐƖ�[68], VKT, vehicle kilometres travelled, PJ, and petajoules. 

 

In Alberta in 2019, compared to all MDVs and HDVs, HDVs were only 12% of new vehicle sales but accounted for 
20% of the registered vehicles that drive 45% of the vehicle km travelled (VKT) per year and consume 55% of fuel 
use (generating 55% of emissions) to move 81% of the tonne-kilometres of freight (Figure 8.1). From these numbers, 
the decarbonization of the HDV sector is clearly critical to meeting climate change objectives and doing so will create 
a significant market for fuel hydrogen. 

This section will explore this opportunity in the Calgary Region.  
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8.2 Truck Traffic on Major Highways 
Alberta Transport provides data and maps on vehicle traffic for all provincially managed highways and secondary 
roads [69]. For example, figure 8.2 shows a heat map of the Calgary Region showing traffic loads from all vehicle 
types, including Personal Vehicles (PV), Recreational Vehicles (RV), Buses (BU), Single Unit Trucks (SU) and Tractor 
Trailers (TT).  

Unfortunately, these vehicle categories differ from those used by the federal government and are highlighted in this 
chapter's introduction (see Figure 8.1). The Class 8 trucks would be included in both the SU and TT categories 
described above, and many of these vehicles on the major highways in the region are likely to be long-haul, so to be 
zero emission would require a transition to hydrogen fuel cell electric (HFCE). 

 

Figure 8.2 Heat Map Depicting Traffic Flows Along Provincial Highways in Calgary Region (red colour), with 
Specific Highways Identified for More Detailed Analysis. 

The thickness of the red lines indicates the volume and km travelled. Image from [69]. The routes marked with black, green, and blue lines 
are further assessed in Table 8.1. 

In Figure 8.2, three major highways have been identified where Calgary is centrally located. These include the 
TransCanada Highway (#1), Highway #2 that begins at the border with Montana and passes through Calgary on the 
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way to Edmonton, and the partially built (in 2019) Ring Road (Highway #201) in Calgary. Together, these highways 
cover 1030 km (Table 8.1 Column A) and support 1154 million vehicle kilometres travelled (VKT) per year by SU 
and TT Vehicles (Table 8.1 Column D).  

In a net-zero future, we assumed that 75% of the truck VKTs travelling outside the urban centre would be carried 
out by HFCE vehicles, but for vehicles, within the city, this proportion would be only 50% (Table 8.1 Column E). 
Furthermore, assuming the hydrogen vehicles have a more efficient drivetrain than diesel vehicles (Table 8.1 Column 
F), the fuel demand for the vehicles travelling only on these roads would be 212 t H2/d (Table 8.1 Column I). 

Since the VKT data is for two-way traffic on these highways and since the vehicles driving into the Calgary Region 
would be expected to have refuelled elsewhere, the minimum refuelling potential to support this traffic would be 
about 122 t H2/day (Table 8.1 Column M). To put this number in perspective, we estimate that a fueling station 
delivering 4 t H2/d should be able to generate a profit without government subsidies, so the Calgary Region could 
theoretically support 30 such stations.  In reality, a fewer number of larger, more profitable stations would probably 
be the better solution. 

It is worth noting that this bottom-up assessment of the Calgary R;]bomĽv�=�;Ѵ��2 demand for road freight is only 
about 19% of the top-down assessment of the fuel market demand for medium and heavy-duty trucks in the Calgary 
Region (Table 4.1, Rows 8 + 9), and neither of these assessments include any allowance for population or economic 
growth in the region. Nor do they consider the potential hydrogen demand for trains, buses, taxi fleets, off-road 
vehicles, or planes. This projected scale of demand for fuel hydrogen suggests that the Calgary Region should be 
able to support a significant number of large and profitable hydrogen fueling stations that could anchor the 
infrastructure investments (like pipelines) needed to enable the economic use of hydrogen in other sectors besides 
transportation. 

Table 8.1 Estimation of the Fuel H2 Demand for Single Unit (SU) and Tractor Trailer (TT) Trucks Driving on 
Highways 1 & 2 Running Through Calgary and Around the Ring Road (Highway 201). 

The calculations were based on 2019 (pre-COVID) traffic patterns and numbers and only accounted for fuel that would be consumed by 
the vehicles while on the roads identified. 
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8.3 Trucking Companies and Fueling Stations 
An important factor in developing a fuel hydrogen economy for heavy-duty road freight is to determine where in 
the region are the trucking companies, where are the fueling stations, and what strategies could be used to transition 
to a fuel hydrogen economy. 

In the Calgary Region, there are about 86 registered trucking companies, 80 of which are located within the City of 
Calgary (Figure 8.3). In addition, Calgary currently has about 20 truck stop/cardlock locations in the region. While 
most fueling stations seem to congregate along the Highway 2 corridor through the middle of the city, the trucking 
companies are both there and on the east side of Calgary (Figure 8.3). 

 

Figure 8.3 Location of Truck Stop/Cardlocks & Trucking Companies in the Calgary Region. 

 

If these 20 stations serve 37% (the Calgary R;]bomĽv�ruorou|bom�o=�|_;��Ѵ0;u|-�ror�Ѵ-|bomő�o=�|_;�-mm�-Ѵ�_;-��-duty 
vehicle demand for fuel in Alberta (Table 4.1, Row 9), the average annual diesel sales per station would need to be 
about 54 million litres or 147 kL/station/day. Moreover, if each truck receives an average of 200 L diesel per fill, the 
average station must serve about 734 trucks per day (an average of 31 trucks per hour over a 24-hour day). These 
numbers seem too high to be realistic. While we were unable to collect data on the fuel use by truck stops and 
cardlocks in the Calgary Region, it seems more likely that these 20 stations serve only a fraction (perhaps 20% to 
40%) of the Class 8 fuel use in the region. 

It seems more reasonable that a typical truck stop/cardlock station would serve 150 to 300 vehicles per day (an 
average of 10-13 trucks per hour for 15 and 24 hr/day stations, respectively) and assuming each truck purchases an 
average of 200 L diesel per refuel, each station would deliver 30 to 60 kL diesel fuel per day. 
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Given these numbers and a net-zero emission energy future, a similar number of stations could serve a similar 
number of HFCE heavy-duty vehicles providing a similar freight service. Since HFCE vehicles are slightly more 
efficient than the incumbent diesel (assumed relative efficiency of 0.85 J H2/J diesel), the average station would 
need to dispense about 7 to 14 t H2/day (average of 45.9 kg H2/vehicle fill). At a fill rate of 7 kg H2/minute, refuelling 
would take under 10 minutes. It is worth noting that recently the US National Renewable Energy Laboratory was 
successful in demonstrating a refuelling system that averaged over 13 kg H2/minute [72]. 

Hydrogen fueling stations delivering 7 to 14 t H2/day would be 2 to 4 times larger than the largest hydrogen fueling 
stations in construction today, including a 4.8 t H2 per day station in China [70], and a 3.2 t H2/day station that Hydra 
Energy is currently building in Prince George, BC [71].  

Further analyses are needed to determine whether the footprint of the existing heavy trucking fueling stations could 
be transitioned for hydrogen fueling or whether the demands of a hydrogen fueling station would require them to 
be built in a new location.  

While fueling stations can be built to deliver fuel 
hydrogen at virtually any scale, our analysis suggests 
that economic viability for stations without ongoing 
government subsidies requires a station to deliver at 
least 4 t H2/day. Moreover, given that there is variation 
in station demand with days of the week or month of 
the year, the maximum station capacity would need to 
be greater than this. 

Planning for the future of hydrogen fueling stations for heavy-duty transport must also consider the other 
trends/disruptive forces that are taking place in the heavy freight sector. In particular, there is the question of 
autonomous trucking. For many years now, there has been a shortage of truck drivers [73], and many companies 
see a solution with autonomous trucking, especially for long-haul, intercity freight movement [74,75]. Such vehicles 
will require rapid refuelling and minimal maintenance. The trucks could be on the road 23 hours per day, laying down 
over 650,000 km per year, with each vehicle displacing 3 conventional long-haul tractorsĺ��;��Ѵ-u];�ļtu�1h�rou|vĽ�
near major road interchanges could offer both hydrogen fueling and the ability to transfer loads to human-driven 
vehicles for local distribution [76].  

The Transition Accelerator recognizes the importance of strategic planning for the future of the long-haul freight 
sector, especially if public funding is to be accessed to build out the infrastructure. Therefore, many stakeholders 
are required to be involved in the discussion, including the carriers, fueling station owners, government regulators, 
transport ministries, and regional planners. 

  



TRANSITION ACCELERATOR REPORTS 
Volume 5 Ŏ��vv�;�1 Ŏ�February 2023 

TOWARDS A FUEL HYDROGEN ECONOMY IN THE CALGARY REGION: A FEASIBILITY STUDY 50 

9 POTENTIAL PARTNERS IN THE 
FUEL HYDROGEN SUPPLY 
CHAIN 

9.1 Introduction 
Previous Chapters have focused on the possible demand for fuel hydrogen in the Calgary Region. In this Section, we 
will explore possible regional supplies for low-GHG fuel hydrogen, potential partners in the infrastructure needed 
for local production of fuel hydrogen, and some potential industrial users of fuel hydrogen in a net-zero future. 

Alberta is a centre for hydrogen production in Canada today, producing about 5400 to 6000 t H2/day or two-thirds 
of all hydrogen production in Canada today [31]. Virtually all of this hydrogen is used as an industrial feedstock for 
the production of fertilizer ammonia, for the cracking of bitumen into synthetic crude oil, or the upgrading of oil and 
gas into refined petroleum products such as transportation fuels, chemicals and materials. Until recently, little 
hydrogen has been produced close to the Calgary Region. In 2022, the Rocky Mountain GTL plant was commissioned 
and it could provide a hydrogen supply up to 14 t H2/d, expandable to 30 t H2/d. It is located 35 km east of Calgary.  
Larger centers for hydrogen production in Alberta include: 

� The Alberta Industrial Heartland, north-east of Edmonton (for fertilizer production and oil upgrading/refining) 
� Fort McMurray and Fort McKay (for the production of synthetic crude oil) 
� Medicine Hat (for carbon black, methanol, and fertilizer production) 
� Joffre, AB near Red Deer, AB (a by-product of chemical production) 

Most of the hydrogen produced in these regions is associated with significant GHG emissions. Projects in the 
Edmonton Region like Quest [77], the Sturgeon Refinery [78], and the Nutrien Redwater plant [79] are capturing a 
portion of the byproduct CO2 from their hydrogen production, concentrating it, and then injecting it into the 
subsurface [80]. $_;�m;��!o1h���o�m|-bm��$���-uv;Ѵ-m7�=-1bѴb|��1-r|�u;v�m;-u�ƓƏѷ�o=�b|Ľv�CO2 production for the 
manufacture of liquid fuel products. 

Other companies such as Air Products [81] and Suncor/ATCO [82] have announced plans for the large-scale (800-
900 t H2/d, each plant) production of hydrogen from natural gas using auto-thermal reforming [83], which can 
capture up to 94% of the byproduct CO2 to create low GHG hydrogen that can either be used as an industrial 
feedstock or as a fuel. As discussed in Section 3ķ�v�1_�ļ0Ѵ�;Ľ�_�7uo];m�ruo7�1|bom�1-m�0;�l-7;�=ou�-0o�|�om;-half to 
one-third the cost of electrolytic hydrogen production, given typical costs for low-carbon electricity. 

The Calgary Region could import low GHG ļblueĽ hydrogen from other Alberta regions producing the gas. However 
ŋ as mentioned in Section 3 ŋ the costs of compressing, liquefying, and moving hydrogen are substantial, even more 
than the cost of production. Therefore, it would be ideal for the Calgary Region to secure a more regional supply of 
low-carbon hydrogen. 
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9.2 Point Source CO2 Emissions 
One approach to identify possible future sources for blue hydrogen is to identify the location, nature, and magnitude 
of point source CO2 emissions in the region. These are mapped in Figure 9.1 and summarized in Table 9.1. In an 
economy transitioning to net-zero GHG emissions, all these facilities will need to reduce their emissions to near zero. 
The opportunities open to the facilities vary with the nature and magnitude of their emissions. We have identified 
three strategies:  

A. Replacing Natural Gas with Fuel Hydrogen. Facilities like the Bonnybrook Wastewater Treatment Plant, the 
University of Calgary or the Foothills Medical Centre need a low-carbon source of fuel energy for space and 
water heating and other heat requirements (Table 9.1). Therefore, they could dramatically reduce their 
emissions by switching to fuel hydrogen. Also, peaker power plants, cogeneration facilities and even some 
baseload combined cycle power plants could reduce their emissions by shifting to NG-hydrogen blends or 
even pure hydrogen with modified gas turbines.  However, the economics of decarbonizing base load power 
generation using natural gas tends to favour post-combustion capture or the switch to the Allam cycle (e.g. 
[37]) for power generation rather than the use of hydrogen. 

 

Figure 9.1 Map Showing the Major GHG Emitters in the Calgary Region. 
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Table 9.1 Major Point Sources of CO2 in the Calgary Region and High-Level Assessment of the Possible Role 
They Could Play in an Emerging Net-Zero Emission Energy Future. 

 

B. Carbon Capture and Storage Infrastructure. Many of the more significant point sources, like the Shepard 
Power Plant or gas plants, could invest in post-combustion carbon capture technologies and direct the CO2 
into a pipeline that would flow to a geological sequestration site. Since CCUS is best done at a large scale 
(millions of tonnes of CO2 per year), the pipeline and sequestration infrastructure are typically shared. The 
presence of such infrastructure could be a significant asset for a company wanting to build a blue hydrogen 
production facility near Calgary, especially if the market was the provision of fuel hydrogen for 
transportation, heating, or power generation. 

 

 

Figure 9.2 Possible Placement of CO2 Pipeline Infrastructure (yellow and orange) and Rail Corridors (purple) 
That Could Be Used for CO2 Gathering. 

Charts from Robin Hughes, Natural Resources Canada. 
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Figure 9.2 shows an example pipeline network and the existing rail network that could be used for CO2 

gathering and transport to injection sites. The Calgary Region is fortunate in that the region's geology is 
consistent with the presence of porous rock into which CO2 could be injected for permanent sequestration 
(Figure 9.3). In addition, CO2 can be stored in depleted oil and gas wells and saline aquifers. 

 

 

Figure 9.3 Map of CCS Reservoir Potential in Saline Aquifers. 

 

C. Possible Producer of Blue Hydrogen. Some of the point source emissions in the Calgary Region have the 
potential to get into the production of blue hydrogen while coupling the by-product CO2 to geological 
storage. Examples include the Carseland Nitrogen Plant or the gas plants located in the region. For example, 
TC Energy has recently announced [84] their plan to build a 60 t H2/day facility at East Crossfield Gas Plant, 
where some or all of this hydrogen would support heavy trucking in the region [85,86].  
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10   PLANNING FOR PIPELINES 

10.1 Introduction 
In the early stages of the transition to a zero-emission hydrogen economy, the primary target market will probably 
be transportation fuels, and the fuel hydrogen will be moved as a compressed gas or liquid hydrogen. As noted 
previously (Figure 4.5) in Alberta, the transportation market for hydrogen is not as large as the potential market for 
heating fuel or power generation. The challenge is that the price point for fuel hydrogen in heating or power 
generation is significantly lower than for its use as a transportation fuel (Figure 3.1). To date, the only economically 
viable way to serve these larger but lower-margin markets is to move hydrogen in large volumes through dedicated 
pipelines.  

Over the next 5-10 years, pilot, demonstration, and early commercialization projects can be carried out to test the 
use of hydrogen for space heating and power generation. However, realizing the full value of a fuel hydrogen 
economy will require large-scale deployment of dedicated hydrogen pipelines for both transmission and distribution. 
Ideally, it would be possible to repurpose natural gas pipelines for use with hydrogen. 

In Canada, most of the distribution pipelines are already compatible with hydrogen (i.e., cast iron or plastic). However, 
many valves, fittings, meters, and burner tips would need to be changed. 

There is a more significant challenge in repurposing the natural gas transmission pipelines for use with hydrogen 
where the metallurgy is such that in the presence of high concentrations of hydrogen, the pipeline can become 
embrittled, ultimately resulting in failure. 

Much work is currently being done to explore the repurposing of natural gas transmission pipelines for use with 
hydrogen [87,88,89,90,91].  

While there is hope that a cost-effective solution will be found, it is essential to know the existing pipeline corridors 
bm�-�u;]bomķ�;vr;1b-ѴѴ��|_;�Ѵo1-|bom�o=�|_;�ļ]-|;vĽ��_;u;�|_;�m-|�u-Ѵ�]-v�|u-mvlbvvbom�rbr;Ѵbm;�ru;vv�u;�bv�7uorr;7�|o�
a lower pressure and the gas enters the distribution pipelines. These gates offer an opportunity to blend hydrogen 
into the distribution network and partially decarbonize the building sector while the technologies are being 
developed and tested for 100% hydrogen.  

10.2 Transmission Pipeline Network 
Significant transmission pipeline infrastructure within the Calgary Region could provide a pathway for hydrogen 
delivery to support heavy-duty vehicle refuelling, building heat, power generation and other industrial use for 
hydrogen. Figure 10.1 shows the existing natural gas high-pressure transmission network in the Calgary Region, 
bm1Ѵ�7bm]�|_;�Ѵo1-|bom�o=�|_;�ļ]-|;vĽ�|_-|�ruo�b7;�-11;vv�|o�|_;�7bv|ub0�|bom�rbr;Ѵbm;v�v;u�bm]��bu|�-ѴѴ��;�;u��0�bѴ7bm]�
in the city.  It is interesting to note that the high-pressure NG pipelines do not travel along Highway 2 (Deerfoot 
Trail) through the city's centre, but they tend to follow the Ring Road.  
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Figure 10.1 ATCO South Integrated Transmission System with High to Low-Pressure Gates. 
RED denotes high-pressure transmission pipelines. YELLOW dots are the locations of Hi -> Lo Pressure Gates where H2 could be injected. 

 

Figure 10.2 shows the locations of abandoned and discontinued natural gas and discontinued jet fuel pipelines in 
the region. This pipeline infrastructure is primarily concentrated in the north edge of Calgary, with some lines running 
south along the Ring Road with shorter runs into the city from the Ring Road. In the case of abandoned pipelines, 
they could offer a pipeline corridor for which it may be possible to lay new pipes. In the case of the discontinued 
pipeline, they may provide a cost-effective strategy to repurpose or upgrade with liners, especially if the pipelines 
can help connect new hydrogen supplies with demand for zero-emission transportation, heat, or power generation. 

As with the existing pipelines (Figure 10.1), they do not parallel Highway 2 through the city but tend to follow the 
ring roads. However, as discussed in Section 8 above, there could be real value in planning for the large-scale 
deployment of most new hydrogen fueling stations/transfer stations around the Ring Road, where major highways 
enter and leave the city (Figure 10.3). This would not only be strategic for serving the long-haul vehicles that are 
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expected to require hydrogen fuel, but it would position the fueling stations in locations that can benefit from access 
to pipeline hydrogen when it eventually becomes available. 

 

Figure 10.2 Location of Abandoned (A) and Discontinued (B) Natural Gas Pipelines and Discontinued Jet 
Fuel Pipeline (C). 

Data from the Alberta Energy Regulator. 

 

 

Figure 10.3 Possible Locations for Initial H2 Fueling Stations That Could Later Benefit from Pipeline Access 
to the Gas. 
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11 CALL TO ACTION 

The Calgary Region is superbly positioned to take a leadership role in transitioning to a vibrant hydrogen economy 
that can position Calgary, Alberta and Canada as a key part of the climate change solution. The region has large 
potential markets for fuel hydrogen and the resources and workforce to produce and make cost-effective, very low 
GHG hydrogen available where it is needed.  

The Calgary region would be an excellent candidate to establish a hydrogen hub and link with other hubs to create 
transportation corridors supporting heavy-duty trucks and trains across Western Canada, with links to similar 
initiatives in the USA. Such a start can rapidly grow in scale and then expand to hydrogen use for heat and power 
generation, attracting new industries.  

Figure 11.1 suggests what a hydrogen hub could begin to focus on in the Calgary Region. There is an opportunity to 
draw on initiatives that are already underway (Green shaded area, Figure 11.1) to create both demand and supply 
for fuel hydrogen in 2023. With a coordinated effort, this could grow rapidly over the next 5 years, setting a 
foundation for substantial fuel hydrogen supply and demand by the end of this decade.  

 

Figure 11.1 Overview of what a Calgary Region Hydrogen Hub would work to deploy in Phase 1 of an effort 
to establish a fuel hydrogen economy in the region. 
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From the analyses described here, we encourage the Calgary Region to take advantage of this opportunity by: 

A. Funding and empowering a hydrogen hub to build a consortium around a shared vision for a fuel hydrogen 
future. At their core, hydrogen hubs are about economic development, but in a sustainable way to meet 
regional, provincial, national, and global objectives to mitigate climate change. The consortia should include 
all levels of government (including First Nations), companies representing the entire value chain, non-profit 
organizations (universities, environmental groups, industry associations), and others willing to invest both 
time and resources to build and deploy a strategy that will attract both public and private sector funding. 
The hydrogen hub requires full-time, dedicated staff resources for a minimum of a three-year commitment 
(ideally 5+ years) to build on the information provided in this report, connect with the coalition of the willing, 
identify the most promising industry or municipal government-led initiatives, help them attract resources 
and then deploy, monitor, communicate and grow. The initial funding for this Hub will need to come from 
the government (municipal, provincial and federal), but with the successful project launches, there may be 
opportunities to attract other sources of funding. 

B. Partnering with the Edmonton Regional Hydrogen Hub. The Edmonton Regional Hydrogen Hub was set up 
almost two years ago, so they now have valuable experience in what should be done or not be done in 
deploying a fuel hydrogen economy. Rather than competition, they should be seen as a partner, especially 
in the creation of a Highway 2 corridor for heavy-duty hydrogen truck transport. Also, insights could be 
used to develop other corridors along Highway 1 or into Southern Alberta and the USA. 

C Connecting with Canadian Pacific, Calgary Transit, YYC and the AMTA to support regional hydrogen 
vehicle trials. CP is already building fuel cell hydrogen locomotives and a fuel cell-grade hydrogen 
production and fueling facility in the region. Explore opportunities to support their efforts and benefit from 
their initiative. Calgary Transit is already linked to the Alberta Zero Emission Hydrogen Transit (AZEHT) 
project in Edmonton, and there is a possibility of moving one of those buses for trials in Calgary in 2024. 
The Alberta Motor Transport Association (AMTA) will be making H2 trucks available for carriers to trial in 
2023 and early 2024, and their focus is on the Edmonton Region. An active hydrogen hub in the Calgary 
Region could help them expand their initiative to the Calgary Region. The Calgary Airport (YYC) has 
committed to reducing its GHG footprint dramatically, and they are strategically located to play a significant 
role as a provider and user of hydrogen in an emerging hydrogen economy. Rocky Mountain GTL has a ready 
supply of hydrogen in the region and is located less than 1 km from the CP mainline east of Calgary.  

C. Focusing on smaller-scale, distributed hydrogen production to serve the fuel market. Unlike Edmonton, the 
Calgary Region 7o;v�mo|�_-�;�-�Ѵ-u];�ŐƐƏƏĽv�|o�ƐƏƏƏĽv�|��2ņ7ő�m;-u0��vo�u1;�o=�bm7�v|ub-Ѵ�ļ]u-�Ľ�-m7�ļ0Ѵ�;Ľ�
hydrogen production, some of which could be diverted to fuel hydrogen use. Therefore, we propose that 
the Calgary Region focuses over the next ~5 years on the smaller scale (up to 20 t H2/d, but mostly ~4 t 
H2/d), distributed production of low or zero GHG hydrogen close to emerging demand centres. (Rocky 
�o�m|-bm��$�Ľv��-uv;Ѵ-m7�rѴ-m|�=b|v�|_bv�v1-Ѵ; at about 14 t H2/d). Local hydrogen production 1o�Ѵ7�0;�ļ0Ѵ�;Ľ, 
ļ]u;;mĽ� ou� ļ|�ut�obv;Ľ� _�7uo];m� |_-|�l-�� 1ov|�lou;� |o� ruo7�1;� |_-m� bm� �7lom|omķ� 0�|� |_;u;� v_o�Ѵ7� 0;�
significant cost savings associated with processing (e.g., liquefaction) and distribution of the fuel. Ideally, the 
hydrogen would be produced on-site, but if it does need to be moved to a fueling station, it may be worth 
exploring the possibility of using rail since CP is a potential producer and user, and the existing rail network 
is close to major transportation corridors. 

D. Developing a carbon capture utilization and storage (CCUS) strategy. In the transition to net-zero emissions, 
many companies in the Calgary Region are interested in being connected to a CO2 pipeline network, where 
the CO2 is geologically sequestered. Such pipeline infrastructure is essential for the local production of blue 
hydrogen: especially as the demand for hydrogen grows and there is interest in deploying hydrogen pipelines 
that will serve vehicle refuelling, building heat and power generation. Therefore, the region should be 

https://erh2.ca/


TRANSITION ACCELERATOR REPORTS 
Volume 5 Ŏ��vv�;�1 Ŏ�February 2023 

TOWARDS A FUEL HYDROGEN ECONOMY IN THE CALGARY REGION: A FEASIBILITY STUDY 59 

helping to build a case for investment in CO2 pipelines and CCUS storage sites to enable the growth of the 
hydrogen economy. 

E. Encouraging renewable generation and green hydrogen production. "o�|_;um��Ѵ0;u|-�_-v�vol;�o=��-m-7-Ľv�
best conditions for wind and solar generation, and with the declining cost of electrolyzers, green hydrogen 
production is a promising opportunity for making fuel hydrogen for the region. For example, smaller 
dedicated wind and solar installations could support individual fueling stations, or large wind and solar farms 
could feed the grid when electricity prices are high and make hydrogen when the prices are low. 
Alternatively, power purchase agreements could enable grid-reliant electrolytic hydrogen production at 
fueling stations. 

F. Deploying hydrogen for heat and power generation. Blending hydrogen into natural gas distribution 
networks can generate GHG benefits while creating a variable buffer in the market demand for hydrogen 
that is made to support transportation markets. 

G. Engaging the academic community. Local colleges and universities can provide valuable training, insights, 
and technologies to advance a hydrogen economy. Therefore, they should be engaged in the early stages of 
the launching of a hydrogen hub. 
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