
AN EVALUATION OF THE 
BUSINESS CASE FOR THE 

ENERGY RE-MIX 

Kirk Morrison 

With Advisement from:



CANADA IN TRANSITION: AN EVALUATION OF THE BUSINESS CASE FOR THE ENERGY RE-MIX 

1 

Executive Summary 
The “Energy Re-mix” is defined as consisting of 2 elements: 

“Replace” “Restore” 

Replacing fossil fuels with electrons 
produced from clean sources (i.e., 

Solar, wind, hydro, biomass, hydrogen 
and nuclear) as the primary energy 

supply 

Restoring fossil fuels as a raw material 
for the vast spectrum of products that 
utilize hydrocarbons as their building 
block and are manufactured and used 

globally. 

The potential for Canadian economic growth driven by the energy re-mix is the subject of 
considerable debate and division within the country. A source of this division is the perception that 
it creates a winner (i.e., renewable energy) and a loser (i.e., hydrocarbons). Regionally, this 
potentially pits the hydrocarbon-producing provinces against the rest of the country.  

Our thesis is that a combination of “Replace” and “Restore” can be a unifying opportunity for 
Canada through its economic benefits. The premise of the Energy Re-mix is a continued role for 
fossil fuel development in Canada while concurrently meeting climate objectives and responding to 
global demands for both energy and hydrocarbon-derived manufactured products. This scenario 
can be achieved by using fewer hydrocarbons for energy production and making products from 
those not used for energy. Benefits of the Energy Re-mix include 1) reduced emissions through 
substitute energy sources and 2) conservation of raw materials, a crucial building block of products 
that the global economy demands. 

Project methodology included a review of the Canadian energy system; a stakeholder survey of 
industry, financial institutions, non-governmental organizations (NGOs), and government to 
determine intentions for responding to the energy re-mix; and technical and financial analyses of 
survey responses.  

The project scope focused on the infrastructure required to support the energy re-mix, not ancillary 
manufacturing opportunities such as producing electric vehicles (EVs), batteries, solar panels, etc. 
The project considered only the requirements to deliver energy to end users and did not 
specifically evaluate onsite options and optimizations such as waste-heat-to-energy and 
geothermal. While these are relevant and important opportunities for conserving hydrocarbons and 
reducing emissions, they need to be assessed on a case-by-case basis. Finally, the business case 
was evaluated using only technical and economic criteria and assumed that environmental, social 
and governance (ESG) criteria were met.
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The following conclusions emerged from the project: 

• Canada is well positioned to respond to the Energy Re-mix.

• Sufficient renewable energy can be developed to meet Canada’s 2050 net zero objectives.
The development will consist of increased electrification supplied by low CO2 generation (a
combination of wind, solar, hydro, and nuclear) supported by storage, an upgraded grid
connected east to west, and utilizing low carbon fuels for building heating and transportation
fuel.

• Facilities manufacturing petroleum products sourced from 266MM SCFD of natural gas and
111,000 bbl./d of crude oil can be brought onstream annually from 2022 to 2050. These
amounts would be sufficient to restore the hydrocarbons displaced by renewables and clean
fuels as an energy source. Key products available for production include ammonia,
methanol, ethylene, propylene, benzene, toluene, and xylene. These can be marketed both
domestically and globally, and significant new demand for these products is anticipated.

• Capital required to complete the Replace and Restore plans is $120.9B annually from 2022
to 2050. This equates to a total capital requirement of $1.8B for Replace projects, and $1.6T
for Restore projects, for a total of $3.4T.

• Sufficient capital for the Replace plan appears to be available from the combined resources
of the financial industry, supported by current government intentions (largely the federal
government). Nominal shortfalls for equity ($1.7B annually, or approximately 9%) are
evident, while more than sufficient debt is available. Shortfalls in equity are most pronounced
for start-up and development capital. The materialization of these shortfalls will be primarily
determined by the rates of return that the projects generate and a clear pathway to
regulatory approvals.

• Considerable shortfalls in capital are present for the Restore plan (approximately $54B
annually). The current lack of acknowledgement of Restore project opportunities drives these
shortfalls.

• While current industry activity is insufficient to achieve the Replace and Restore plans,
Industry and Government appear to have sufficient capacity to execute both plans. Additional
promotion by industry and industry associations and support from government will be
required to advance and prioritize Restore opportunities.

• Replace projects with current commodity prices are largely financially viable at a 6% IRR but
somewhat less viable at a 15% IRR. Clean fuel projects used to supplement building heating
through introduction into the natural gas system are currently financially challenged;
however, hydrogen as a substitute for conventional transportation fuels appears to be viable
at a 6% IRR and close to being viable at a 15% IRR. Under the proposed increase in carbon
tax to $170/tonne by 2030, clean fuels projects are viable at a 6% IRR and again close to
being viable at a 15% IRR.

• CCS projects are not financially viable without a clear line-of-sight to offsetting revenues
(e.g., Carbon Credits). Carbon prices between $100/T and $185/T are required to make
these projects viable.

• Barriers to developing Replace projects include access to initial development capital, rate of
return without significant carbon pricing adjustments, and regulatory approval risk and timing.
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For Restore projects, increased activity is tempered by a lack of focus on these 
opportunities, mainly by government and financial institutions.  

• Significant capacity in Replace and Restore projects is available beyond domestic
requirements, creating significant export opportunities for Canada. For Replace projects,
while the power grid and natural gas pipeline system are set up reasonably well for additional
power and RNG/H2 export to the United States, further investments in transcontinental
HVDC lines, and marine terminals for H2 export, should be considered. For Restore projects,
considerable opportunities exist to respond to the global demand for petroleum products.

The above conclusions are based on a technical and economically focused approach and 
an assumption that ESG criteria have been achieved. 

The project concluded that Canada is well positioned to respond to the Energy Re-mix. 
Specifically, sufficient renewable energy can be developed to meet our climate objectives, 
most of which can currently be developed at competitive rates of return. It determined that a 
market exists for Canada to utilize all of the hydrocarbons replaced by renewables as raw 
materials for non-energy products needed domestically and globally. The project also 
established that Canada has the technical and financial capacity to carry out the work 
required within the 2050 horizon.  

However, the project also determined that current industry activity levels for Replace and 
Restore projects are insufficient to achieve these objectives. Activity levels for Restore 
projects are particularly low. Three main opportunities were identified to remedy this and 
form the project's recommendations.  

Firstly, the energy industry, industry associations, government, and the financial industry 
need to advance, promote, and raise the profile of Restore projects. Industry and industry 
associations should promote Canadian expertise in Restore projects and the opportunities 
they afford to governments and financial institutions. These bodies should, in turn, promote 
these opportunities both internally and externally. Prospects also exist for industry and 
industry associations to provide additional resources to investigate, develop, and promote 
export projects for both Replace and Restore.  

Secondly, the financial industry and governments must collaborate with industry to provide 
better access to early development capital for both Replace and Restore projects. 
Additional focus and resources should be placed on developing appropriate financial 
instruments and programs to evaluate and support Replace and Restore opportunities 
domestically and internationally.    

Finally, governments must collaborate with the energy industry to streamline the regulatory 
process for Replace and Restore projects. A particular focus on consistency, clarity and 
timing would be beneficial.   
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1. Introduction
1.1 Background  

The “Energy Re-mix” has been defined as consisting of 2 elements: 

“Replace” “Restore” 

Replacing fossil fuels with electrons 
produced from clean sources (i.e., 

Solar, wind, hydro, biomass, hydrogen 
and nuclear) as the primary energy 

supply 

Restoring fossil fuels as a raw material 
for the vast spectrum of products that 
utilize hydrocarbons as their building 

block and are manufactured and used 
globally. 

The basic premise of the Energy Re-mix is that we can continue producing fossil fuels (maybe 
produce even more), combust fewer of them going forward, and make products out of the ones 
that we don’t combust. Benefits of the Energy Re-mix include reduced emissions through cleaner 
energy sources and conservation of raw materials, an essential building block of products that the 
global economy demands.  

The current vernacular centers itself on an Energy Re-Mix driving the economic recovery going 
forward. The Federal Government's Fall Economic Statement (Government of Canada, 2020) 
identifies “A Competitive Green Economy” as a critical element of an economic recovery. The 
Global Energy Interconnection Development and Cooperation Organization (GEIDCO), a Chinese 
organization dedicated to promoting sustainable development of energy globally, estimates that the 
cost to electrify the globe using renewable sources, make us more energy efficient, and restore 
carbon as an industrial raw material will be in the $50 trillion range, and have asserted that if 
appropriately managed, the Energy Re-mix could be the next economic driver to improving 
standards of living and reducing poverty throughout the world (Global Energy Interconnection 
Development and Cooperation Organization (GEIDCO), 2017) 

The potential for economic growth in Canada, driven by the Energy Re-mix, is the subject of 
considerable debate and division within the country. A significant source of this division is the 
perception that it creates a winner (i.e., Renewable energy) and a loser (i.e., Hydrocarbons). 
Regionally, this potentially pits the hydrocarbon-producing provinces against the rest of the 
country.  

Our thesis is that the combination of “Replace” and “Restore” can be economically beneficial and 
hence, a unifying opportunity for Canada. The basis of the Energy Re-mix is that there is a 
continued role for fossil fuel development in Canada while meeting climate objectives and 
responding to global demands for both energy and hydrocarbon-derived, manufactured products. 
This can be achieved by using fewer hydrocarbons for energy production while making products 
out of the ones that aren’t used for energy. Benefits of the Energy Re-mix include reduced 
emissions through cleaner energy sources and conservation of raw materials, a fundamental 
building block of products that the global economy demands. 
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1.2 Scope of Work 

The project sought to determine whether the Energy Re-mix can contribute meaningfully to the 
future Canadian economy. This study aimed to answer the following questions: 

1 Is there enough renewable energy to replace that currently supplied by 
hydrocarbons, and is it developable? 

2 What amount of the hydrocarbons replaced by renewables can be restored 
as raw materials for products? 

3 How much capital is required to carry a) Replace and b) Restore? 

4 Where will the capital for all of this come from? 

5 Are there proponents available to do all this work? 

6 Does all of this make sense from a business perspective? Specifically, is it 
profitable? Is it financeable? 

7 
If it does make sense, what gaps need to be filled? If excess financial and 
technical capacity exists in Canada, what are the opportunities outside of 

Canada? 

8 What is the required level of infrastructure to facilitate Net Zero by 2050? 

The following boundaries were placed to limit the scope of work: 

The project focused solely on the infrastructure required to support the energy re-mix, not ancillary 
manufacturing opportunities such as the production of EVs, batteries, solar panels etc.  

The project focused on the infrastructure required to deliver energy to end users and did not 
consider onsite options and optimizations. For example, the project did not consider waste-heat-to-
energy recovery options for existing industries and facilities which use hydrocarbons as a process 
energy source. While these are very relevant and important opportunities to conserve 
hydrocarbons and reduce emissions, these are part of facility optimization and need to be 
assessed on a case-by-case basis. Similarly, the project did not evaluate the economics of using 
geothermal energy for building and facility heating and cooling. While geothermal energy is an 
important option, the energy for powering the heat pumps (i.e., electricity) was included in the 
electrification analysis within the project.  

The business case was evaluated using technical and economic criteria only. It was assumed that 
environmental, social and governance (ESG) criteria were met.
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2. Methodology
The project involved completing the following tasks: 

Task #1 – Demonstrate Canadian Energy Leadership 

Compile data to ascertain that Canada is already propitious in both “replacing” and “restoring” and 
well-positioned to proceed. The review included various reputable reports, studies, and databases. 

Task #2 – Stakeholder Review 

Review the Replace and Restore plans for relevant stakeholders (governments, energy and utility 
companies, financial institutions, and NGOs). A review of published information, a survey, and 
interviews were used to gather information on the following: 

• Specific Replace and Restore infrastructure plans, including scope of work, costs, and
schedules.

• Capital availability (amounts, type (debt vs equity), and timing).

Task #3 – Summarize Stakeholder Replace & Restore Intentions 

Prepare an overall assessment to address the following: 

• Total industry and government “Replace” and “Restore” intentions.
• Total industry, financial institution, and government intentions for investing capital and

lending funds to support both “Replace” and “Restore” projects.

Task #4 – Determine Replace Requirements 

Determine the amount of hydrocarbons requiring replacement to achieve Net Zero by 2050. The 
activity involved a literature review of various reports assessing pathways to Net Zero.  

Task #5 – Identify Restore Opportunities 

Evaluate future global and national demands for hydrocarbon-based products and assess how 
much could be supplied using Canadian hydrocarbon production as a raw material. Inputs included 
a literature review and survey results.  
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Task #6 – Replace Plan Preparation 

Prepare a plan of infrastructure to be developed to achieve Net Zero by 2050, which includes: 

• Transitioning from our current primary energy consumption mix of 65% hydrocarbons, 6%
nuclear, and 29% renewables (BP PLC, 2021)  to one which facilitates Net Zero.

• Replacing hydrocarbon-based energy infrastructure (at the end of its useful life) with
renewable and/or nuclear-based energy infrastructure.

• Replacing remaining coal and diesel-fired electricity generation with renewable sources.
• Replacing gas and diesel vehicles with EVs.
• Developing local, renewable-based microgrids across the country.
• Upgrading of the power grid to connect all parts of the country.
• Developing storage to integrate renewables.
• Developing an integrated artificial intelligence system to facilitate grid management.

Based on these plans, estimates of estimated revenues, capital costs, operating costs, financing 
structures and rates of return were developed, and an overall assessment of the economic 
feasibility was prepared. 

As previously mentioned, the project focused solely on the infrastructure required to support the 
Energy Remix, not ancillary manufacturing opportunities such as the production of EVs, batteries, 
solar panels etc. It considered only the necessary infrastructure to deliver energy to end users and 
did not specifically evaluate onsite options and optimizations such as waste heat to energy and 
geothermal.  

Task #7 – Restore Plan Preparation 

Prepare a conceptual plan for developing hydrocarbon product production facilities and 
infrastructure and consider the range of products and quantities that can be developed. 

Based on the conceptual plan, estimates of revenues, capital costs, operating costs, financing 
structure and rates of return flows were developed, and an overall assessment of the economic 
feasibility was prepared. 

Task #8 – Technical Capacity Analysis 

Compare the infrastructure requirements for the Replace and Restore plans to the industry and 
government intentions and plans. This comparison indicated the capacity to carry out the work and 
the gaps to be filled. It also identified whether excess capacity was available to pursue 
opportunities outside of Canada. 
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Task #9 – Financial Capacity Analysis 

Compare the financial requirements for the Replace and Restore plans to the industry, financial 
institution, and government intentions. This comparison indicated the capacity to carry out the work 
and the gaps requiring attention. It also identified whether excess capacity was available to pursue 
opportunities outside Canada. 

Task #10 – Overall Business Assessment 

Conduct an overall business assessment of the Replace and Restore Plans to address the 
following questions: 

• Can enough renewable energy be produced to meet 2050 Net Zero objectives?
Specifically, is it developable, and if so, what does the energy system of the future look
like?

• What quantity of the hydrocarbons displaced by renewables can be restored and used as
raw materials for products? What products are produced, and where will they be used?

• How much capital is required to complete the Replace and Restore Plans?
• Where will the capital for all of this come from? What is the mix between debt versus

equity?
• Is there sufficient capacity within industry, financial institutions, and the three levels of

government to carry out all this work?
• Are the Replace and Restore Plans viable from a business perspective (i.e., do they

generate appropriate rates of return)? If not, what needs to be adjusted?
• What gaps must be filled to carry out the Replace and Restore Plans?
• If there is excess capacity (both technical and financial), how could this be exported outside

of Canada?
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3. Canadian Energy Leadership
3.1 What is Important in Responding to the Energy Transition? 

Two predominant trends driving the Energy Transition include: 

1. Increasing global energy demand
2. Response to climate change

Global energy demand is expected to increase by nearly 50% to approximately 900 quadrillion 
BTUs/year (relative to 2019 levels) by 2050 (U.S. Energy Information Administration, 2021). 
Demand increase is largely attributable to growth in Asia, and to a lesser extent, in Africa, and will 
require the export of energy to accommodate. Improved access to affordable and reliable energy is 
expected to coincide with increased wealth in the developing world. It will then drive the 
consumption of goods, of which hydrocarbons are a crucial building block (Global Energy 
Interconnection Development and Cooperation Organization (GEIDCO), 2017). GEIDCO 
emphasizes that demand for hydrocarbons as industrial raw materials will limit their availability as 
an energy source and should be conserved to contribute a greater value to socio-economic 
development.  

Global response to climate change primarily focuses on reducing CO2 emissions by replacing 
energy derived from the combustion of hydrocarbons with electricity derived from renewables 
(hydro, wind, solar, and biofuels) and nuclear. Using hydrogen as both a source of fuel and 
electricity could also significantly contribute to this. Carbon capture and storage (CCS) could also 
play a role in reducing the carbon footprint in both interim and potentially longer term, continued 
use of hydrocarbons for energy production.  

These trends will create the following dynamics for the global energy system of the future: 

• Additional energy production will be required.
• Energy will become a global commodity and need to be delivered inter-continentally.
• A re-mix of the primary energy supply will be required to address both climate change and the

demand for hydrocarbons as industrial raw materials. Specifically, electricity generated from low
CO2 emission sources will be the preferred form of energy.

• The above will drive the development of an intercontinental high voltage–direct current (HVDC) grid.
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These dynamics will drive a global energy system containing a diverse mix of energy generation 
containing wind energy bases across the northern hemisphere; solar energy bases close to the 
equator; hydroelectric and nuclear bases at select locations; regional generation (renewables, 
nuclear, hydrogen, limited hydrocarbons), storage and their associated microgrids and grids; CCS 
at a regional level; and international and inter-continental HVDC ties. Figure 3.1 presents a 
schematic illustration of this global energy system.   

Attributes of countries best positioned to capitalize on this dynamic include: 

• A major energy producer and exporter to respond to demand growth.

• A major producer and consumer of renewable and nuclear energy to respond to the
demand for this product.

• A major existing consumer of renewable and nuclear energy and hence have a low
CO2 emissions energy mix. This position will allow them to minimize the cost of the
energy transition while also demonstrating global leadership in reducing emissions.

• A major producer of oil & gas to respond to the demand for petroleum products.

• Experienced in producing petroleum products to capitalize on the demand for these
products.

• Experienced in the emerging hydrogen and CCS markets.

The following sections assess Canada’s positioning relative to these requirements. 

Figure 3.1 Global Energy System Schematic.  (GEIDCO, 2017) 
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3.2 Canadian Energy System Overview 

Canada’s energy system is well described in numerous documents, including (Canada Energy Regulator, 
2020), (Meadowcroft & Contributors, 2020), and (Natural Resources Canada, 2021).  

Figure 3.2 presents an overview of the system. The largest sources of primary energy used in Canada 
today are fossil fuels (coal, oil, and natural gas), uranium, rivers that generate hydroelectricity, and some 
biomass, wind, and solar. Coal is used for electricity production, industrial heating, and (as coke) as a 
reducing agent in metallurgy. Oil is refined for transport and industry (and some electricity generation) and 
non-energy products (chemicals, plastics, lubricants, asphalt etc.). Natural gas contributes to electricity 
production, heating for industrial processes and commercial and residential settings, fertilizer production, 
and use within the energy sector (for example, in the oil sands). Uranium is converted into fuel for nuclear 
power plants. Biomass is mainly used for electricity production in the pulp and paper sector and to make 
liquid biofuels for transport. Electricity generated from hydro, wind, solar, nuclear and gas or oil powers 
residential, commercial, and industrial end uses such as lighting, cooling, heating, motors, compressors, 
steel making and aluminum smelting. Finally, biomass is used for both production of fuels and generation 
of electricity.  

Canadian electricity supply systems are already substantially decarbonized, with approximately 80% of 
generation coming from low-carbon sources (principally hydro and nuclear). This number is approximately 
29% globally  (International Energy Agency, 2021).

Figure 3.2 Schematic Overview of Canada’s Current Energy System.  (Meadowcroft & Contributors, 2021) 
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3.3 Energy Production 

Figure 3.3 summarizes Canadian primary energy production in 2018 relative to the top 10 global energy 
producers. Canada is the 5th largest global energy producer, producing approximately 23,700 EJ, or 
4.0% of the world’s energy.   

Figure 3.3 Top 10 Global Primary Energy Producers 2018. (US Energy Information Administration, 
2018) 

Figure 3.4 shows Canadian primary energy production relative to G7 countries. Canada is the 2nd 
largest energy producer in the G7.  

Figure 3.4 G7 Primary Energy Production (2018). (US Energy Information Administration, 2018). 
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Figure 3.5 summarizes Canadian primary energy production in 2018 relative to OECD countries. 
Canada is the second largest energy producer in the OECD. 

Figure 3.5 G20 Primary Energy Production (2018). (US Energy Information Administration, 2018). 

Figure 3.6 summarizes Canadian primary energy production relative to OECD countries. As 
shown, Canada is the second largest energy producer in the OECD. 

Figure 3.6 OECD Primary Energy Production (2018). (US Energy Information Administration, 
2018). 
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3.4 Energy Exports 

Comparisons of primary energy production and consumption in 2018 for the G7, G20 and OECD 
countries (Figures 3.7, 3.8, and 3.9, respectively) demonstrate the following: 

• Canada is the only net exporter of energy in the G7.

• Canada is the 4th largest net energy exporter in the G20, trailing only Russia, Saudi Arabia and
Australia. Canada is the 4th largest exporter of energy in the world.

• Canada is the 2nd largest net energy exporter in the OECD, behind only Australia.

Figure 3.7 G7 Primary Energy Production & Consumption (2018). (US Energy Information 
Administration, 2018). 
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Figure 3.8 G20 Primary Energy Production & Consumption (2018). (US Energy Information 
Administration, 2018). 

Figure 3.9 OECD Primary Energy Production & Consumption (2018). (US Energy Information 
Administration, 2018). 
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It should be noted that Canadian primary energy consumption in 2018 was 15.2 EJ, approximately 
64% of production (23.7 EJ). Approximately 36% of Canadian energy production was exported in 
2018. 

3.5 Energy Mix 

Figure 3.10 summarizes Primary Energy Consumption for G7 countries by energy type (fossil fuel, 
renewables, and nuclear). Other energy forms (e.g., Geothermal, hydrogen, tidal etc.) are not 
significant enough to report.    

Figure 3.10 G7 Primary Energy Consumption (2018).(US Energy Information Administration, 
2018). 

Canada is the second-largest consumer of renewable energy in the G7 (behind only the United 
States) and the third-largest consumer of nuclear energy (behind the United States and France). 

Figure 3.11 presents a similar breakdown for G20 countries. Based on consumption, Canada is the 
fourth-largest renewable energy consumer in the G20 (behind China, the United States, and Brazil) 
and the 6th largest consumer of nuclear energy. When renewables and nuclear are combined, 
Canada is the fourth largest consumer of emissions-free energy, behind China, the United States 
and France.    
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Figure 3.11 G20 Primary Energy Consumption 2018. (US Energy Information Administration, 
2018). 

Figure 3.12 summarizes the energy mix consumed by G7 countries on a % basis. Canada utilizes 
the highest percentage of renewables within the G7 (25% versus a G7 average of 12%) and the 
second highest percentage of emissions-free energy (renewables plus nuclear) behind only France 
(32% versus 48% and a G7 average of 21%).    
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Figure 3.12 G7 Energy Mix (2018).(U.S. Energy Information Administration, 2018). 

Figure 3.13 presents a comparison of the energy mix among the G20 countries. Canada utilizes 
the second-highest percentage of renewables, behind only Brazil (25% versus 36% and a G20 
average of 11%), and the third-highest percentage of emissions-free energy, behind only France 
and Brazil (32% versus 48% and 36%, respectively, and a G20 average of 16%).    
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Figure 3.13 G20 Energy Mix (2018). (US Energy Information Administration, 2018). 

These figures present Canada’s energy mix as having significantly higher percentages of 
renewables compared to global aggregates (25% versus 11%) and emissions-free energy (32% 
versus 15%).  

The BP PLC report on energy mixes for countries also shows Canada and global aggregates (See 
Table 3.1) (BP PLC, 2021). Results in this report vary slightly from others but similarly demonstrate 
that Canada uses a significantly higher percentage of renewables and emissions-free energy than 
the global aggregates.  

% of Primary Energy Consumption 

Hydrocarbons Renewables Nuclear Emissions-free 

Canada 65 29 7 36 

Global 83 13 4 17 

Table 3-1 Comparison of Global to Canadian Energy Mix. (BP PLC, 2021).
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3.6 CO2 Emissions 

Canada’s emissions intensity is very low relative to other countries. Figure 3.14 summarizes the 
emissions intensity for G7 countries in 2018. Canada had the second lowest emissions intensity 
(0.14 kg CO2/kW-h) in the G7, behind only France (0.11 kg CO2/kW-h), and lower than both the G7 
average (0.18 kg CO2/kW-h) and the global average (0.21 kg CO2/kW-h).  

Figure 3.14 G7 Emissions Intensity 2018. (US Energy Information Administration, 2018). 

Figure 3.15 summarizes emissions intensity for G20 nations in 2018. Here, Canada has the third 
lowest emissions intensity (0.14 kg CO2/kW-h) in the G20, behind only France (0.12 kg CO2/kW-h) 
and Brazil (0.12 kg CO2/kW-h), and significantly lower than both the G20 and global averages 
(0.21 kg CO2/kW-h).  
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Figure 3.15 G20 Emissions Intensity (2018). (US Energy Information Administration, 2018) 

Figure 3.16 summarizes emissions intensity for OECD nations in 2018. As shown, Canada has the 
sixth lowest emissions intensity (0.14 kg CO2/kW-h) in the OECD, approximately 24% lower than 
the OECD average (0.18 kg CO2/kW-h) and approximately 33% lower than the global average of 
(0.21 kg CO2/kW-h).  

Figure 3.16 OECD Emissions Intensity 2018. (US Energy Information Administration, 2018). 
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In 2020, total global CO2 emissions were estimated to be 31,500 MT CO2(International Energy 
Agency, 2021a) Had the world had an energy mix like Canada’s, global emissions would have 
been reduced by over 10,200 MT, nearly 1/3 of the reduction required to achieve net zero.   

3.7 Consumption-Based Accounting 

The CO2 emissions previously presented are measured on the basis of ‘production’. This 
accounting method is sometimes referred to as ‘territorial’ emissions and is used for countries both 
reporting their emissions and setting targets domestically and internationally. However, this fails to 
capture emissions from traded goods, the CO2 emitted in producing goods elsewhere, which are 
later imported (or the opposite, emissions from exported goods). 

To address this, statisticians also calculate ‘consumption-based’ emissions. These emissions are 
adjusted for trade by tracking which goods are traded worldwide and recording whenever goods 
are imported. Adjustments are made to include all CO2 emissions in producing that good, and vice 
versa, to subtract all CO2 emissions in producing exported goods. 

These consumption-based emissions tend to reflect a country's citizens-level consumption and 
lifestyle choices. 

Figure 3.17 summarizes consumption-based CO2 emissions adjustments for G7 countries in 
2018(Ritchie, 2019). Except for Canada, all G7 countries import significantly more CO2 emissions 
than they export. These range from a low of 6% for the United States to a high of 42% for the 
United Kingdom. Canada, on the other hand, is essentially CO2-neutral from a trade perspective.  

Figure 3.17 2018 G7 Adjustments to CO2 Emissions from Trade.(Ritchie, 2019). 
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Figure 3.18 presents a similar summary for the G20 countries. China, India, and South Africa all 
include significant CO2 emissions in their production inventories, which are driven by the trade 
demands of the majority of the G20 countries. From a trade perspective, this demonstrates 
Canada as essentially CO2 neutral.  

Figure 3.18 2018 G20 Adjustments to CO2 Emissions from Trade. (Ritchie, 2019). 
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Ammonia Methanol Ethylene Propylene

Benzene Toluene Xylene

Fertilizers Plastics Asphalt Waxes Solvents Lubricants Inks

3.8 Use of Hydrocarbons as Raw Materials  

The second element of the energy re-mix is the restoration of hydrocarbons as raw materials for 
manufacturing products.  

 Seven major classes of hydrocarbon-based products exist and include the following: 

Examples of products currently manufactured from petroleum products include: 

Canada is the 8th largest global producer of ammonia. Specifically, in 2019, Canada produced 
4,032,000 tonnes of ammonia, approximately 2.2% of global production. 

Canada is a significant producer of bitumen (the feedstock for asphalt production) and plastics. In 
2020, Canada produced approximately 335,000 m3/d of heavy oil and upgraded approximately 
180,000 m3/d of bitumen into synthetic crude oil (Canadian Energy Regulator, 2021).  

Domestic Canadian plastic resin (polyethylene, PVC, and PET) production in 2019 totalled 4.8 MT 
(Deloitte & Chemifo Services, 2019). Total global demand in 2021 was approximately 318 MT 
(Grandview Research, 2021), which suggests that Canada currently supplies approximately 1.5% 
of the current market. Given Canada’s abundant oil and gas resources, there is certainly the 
opportunity to service a larger market (Deloitte & Chemifo Services, 2019). Total global demand in 
2021 was approximately 318 MT (Grandview Research, 2021), which suggests that Canada 
currently supplies approximately 1.5% of the current market. Given Canada’s abundant oil and gas 
resources, there is an imminent opportunity to service a larger market.  

Anticipated global demand for these products is expected to increase over time and has been 
estimated by several sources: 

Bitumen & asphalt products: 

• 4.4%/ year from 2021 to 2027(Global Industry Analysts Inc., 2021)
• 3.2%/year from 2021 to 2027 (Global Industry Analysts Inc, 2021)
• 6.9%/year from 2021 to 2028 (Grandview Research, 2021)
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Plastics 

• 3.4%/year from 2021 to 2027 (Grandview Research, 2021)
• 3.7%/year from 2021 to 2028 (Grandview Research, 2021)

Approximately 21% of Canadian crude oil is used as a raw material to produce other materials. 
The remaining 79% is used for the production of energy.  

Based on this data, it is reasonable to assume that global demand for raw petroleum materials for 
use in products could grow at a rate of approximately 4% per year. Therefore, at some point, all 
Canadian crude oil could be used for manufacturing versus burning for energy.  

The estimated length of time it would take for all Canadian crude oil to be used for manufacturing 
was calculated as follows: 

Y = current Canadian crude oil production. 

0.21 Y = current Canadian crude oil production used in manufacturing products 

n = # of years until all Canadian crude oil is used for manufacturing products 

4% = growth rate in the demand for manufactured petroleum products. 

0.21Y x 1.04n = Y   

1.04n = 4.76 

Solving for “n” yields a value of approximately 40 years. This value assumes no growth in global 
exports.  

 Assuming a growth rate of 4% for crude oil as a raw material, current Canadian crude oil 
production could be completely consumed within the production of materials in approximately 40 
years, with none of it used for energy production.  

Anticipated growth in the global hydrocarbon products market could allow for increased Canadian 
oil and gas production to respond to this market. Canada currently produces 5.0% and 6.0% of the 
world’s natural gas and oil, respectively, yet only 1.5% and 2.2% of the world’s plastic resins and 
ammonia, respectively (Natural Resources Canada, 2021) So, there should be considerable 
opportunities to increase petroleum product manufacturing.
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3.9 Other Technologies 

Other key technologies which will be important in the energy transition include: 

• Hydrogen
• Biofuels
• Carbon Capture and Storage (CCS)
• Geothermal

Currently, Canada is one of the 10 largest hydrogen producers in the world(Natural Resources 
Canada, 2020b), and additional projects are being contemplated. These include a 1500 T/d Air 
Products Canada plant in Edmonton, a 300,000 T/yr. Suncor-ATCO project in Fort Saskatchewan, 
and others. Both projects include CO2 sequestration, which, if completed, could reduce CO2 
emissions by 5 MT/yr (approximately 0.7% of Canada’s total emissions). Canadian industry is 
successfully implementing all forms of clean hydrogen projects, namely: 

• Green hydrogen, i.e., hydrogen produced through the electrolysis of water.
• Blue hydrogen, i.e., hydrogen produced via steam methane reforming of natural gas in

conjunction with CO2 capture and storage.
• Turquoise hydrogen, i.e., hydrogen produced through pyrolysis of natural gas, producing

carbon black and hydrogen.

Similarly, Canada is the 8th largest global producer of biofuels, producing an estimated 2,767 ML of 
ethanol, 334 ML of biodiesel and 392 ML of hydrogenation-derived renewable diesel (HDRD) in 
2020. Ethanol represented 7.3% of total gasoline consumption in 2020, which exceeds the federal 
standard of 5.0%. As a percentage of total diesel consumption, biodiesel plus HDR represented 
2.9% of total diesel consumption, which exceeded the federal standard of 2.0% (Wolinetz & 
Harrison, 2021). 

Finally, Canada is a significant developer and operator of CCS projects. Three major operating 
CCS projects include SaskPower’s Boundary Dam in Estevan, Saskatchewan, Shell’s Quest 
project near Fort Saskatchewan, Alberta, and the Alberta Carbon Trunk Line system, also near 
Edmonton. Quest captures up to 1.2 MT/yr of CO2 from oil sands upgrading processes, which is 
then stored in a deep saline aquifer (Natural Resources Canada, 2021). Carbon stored in aquifers 
is permanently sequestered and does not have secondary uses. 

Boundary Dam is a coal-fired power plant retrofit that is currently capturing 1 Mtpa of CO2(Natural 
Resources Canada, 2013). The captured carbon is sold to Cenovus for use in enhanced oil 
recovery (EOR) at the Weyburn oil field. This project began capturing carbon in October 2014 and 
was the first commercial application of post-combustion carbon capture. 

The Alberta Carbon Trunk Line is a gathering system that will pipe and store CO2 from 
the Sturgeon Refinery and Agrium Fertilizer Plant near Redwater, Alberta. Operations began in 
2020, and it currently captures 1.6 MT/yr, with the carbon used for EOR in the Clive oil reservoir. 
The project has the potential to connect to other industrial emitters in the region and could 

http://www.globalccsinstitute.com/projects/alberta-carbon-trunk-line-actl-north-west-sturgeon-refinery-co2-stream
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eventually transport up to 14.6 MT/yr for EOR or storage in aquifers. This value could potentially 
make it the largest CCS project in the world (Wolf Midstream, n.d.). 

The combined capacity of the three operational CCS projects in Canada is 3.8 MT/yr. This capacity 
represents approximately 0.6% of Canada’s total 2020 CO2 emissions of 672 MT (Environment 
and Climate Change Canada, 2022). Since the total global CCS operational capacity is 36.6 MT 
CO2/year (Global CCS Institute, 2021), Canada has over 10% of global capacity in operation.   

Geothermal energy is a suitable candidate for building heating, where low-emissions electricity is 
available to power the heat pumps. As Canada produces and utilizes significant quantities of 
renewable electricity (see Section 3.6), geothermal is a good option for building heating.  
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3.10 Canadian Positioning to Respond to the Energy Re-mix 

Canada is well-positioned to respond to the energy re-mix due to the following attributes: 

A significant energy 
producer 

Specifically, 6th in the world, 2nd in the G7 and OECD, and 5th 
in the G20. 

A significant energy 
exporter 

Specifically, the only net exporter in the G7, 2nd in the OECD, 
and 4th in both the world and the G20. 

A significant consumer of 
renewable energy 

Specifically, 2nd in the G7 and 4th in both the world and the 
G20. 

Primary user of CO2 
emissions-free energy 

Defined as nuclear plus renewables. Specifically, 3rd in the 
G7 and 4th in the G20. 

Low-emissions energy 
mix 

Specifically, 25% of the energy consumed in Canada is 
sourced from renewables, versus 12% in the G7 and 11% in 
the G20. In addition, 32% of the energy consumed in Canada 
is emissions-free (i.e. renewables plus nuclear) versus 21% 
in the G7 and 16% in the G20. Canada also has the 2nd 
lowest CO2 emissions intensity in the G7, the 3rd lowest in 
the G20, and the 6th lowest in the OECD. The average 
emission intensity of Canada’s energy is 22% less than the 
G7 average and 33% less than the global, G20, and OECD 
averages. 

CO2 emissions-neutral in 
Import/Export 

Neither a net importer nor an exporter of CO2 emissions 

A significant 
manufacturer of oil and 
gas-related products. 

Significant increases in global demand for these products 
could allow the diversion of Canadian oil and gas from the 
production of energy to the manufacturing of products. 
Calculations demonstrate that current Canadian crude oil 
production could be 100% diverted to manufacturing products 
within 40 years. Anticipated growth in the global hydrocarbon 
products market could allow for increased Canadian oil and 
gas production to respond to this market. 

A significant global 
participant in the 

emerging hydrogen, 
biofuels, and CCS 

markets. 

Top 10 global producer of hydrogen, 8th largest global 
producer of biofuels, and is home to the operation of over 
10% of global CCS capacity. 

Table 3-2 Canadian Positioning to Respond to the Energy Re-mix. 
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4. Stakeholder Review
4.1 Methodology 

The Replace and Restore plans of relevant stakeholders (governments, energy and utility 
companies, financial institutions, and NGOs) were reviewed through published information, a 
survey, and interviews.  

Published information included reports, online content, and annual reports. Surveys were sent to 
301 organizations, with the following breakdown: 

1. Governments. 69 government bodies were surveyed, including the federal Government (Natural
Resources Canada and Environment and Climate Change Canada), all provincial and territorial
governments (ministries of the environment, natural resources, and equivalents), and all
municipalities having populations greater than 100,000.

2. Industry. 46 energy production, transmission, and distribution companies and petroleum product
manufacturers were surveyed. Survey recipients included Canadian companies and foreign
companies working in Canada.

3. NGOs.  12 industry associations and environmental organizations were surveyed.

4. Financial Institutions. 174 banks, trust companies, pension funds, private equity, and venture
capital firms were surveyed.

Survey recipients are listed in Appendix A. Information requested in the surveys included: 

• Specific Replace and Restore plans, including scope of work, costs, and schedules.

• Assessments of the technical and financial capabilities of industry and financial institutions to
implement the Replace and Restore Plans.

• Capital availability (amounts, type (debt vs equity) and timing) for Replace and Restore projects.

Surveys were forwarded to recipients and then completed online using Microsoft Forms. 
Commitments to not publish individual organization information were made to all recipients. It was 
noted that their information would be included in aggregated data obtained from the survey. Copies 
of survey forms are presented in Appendix B.  

Survey recipients sometimes chose in-person and online meetings to discuss their plans and 
supplement the survey process rather than complete the online forms. 
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4.2 Survey Results 

The survey gathered 104 responses out of 301 organizational invitations. These responses 
included both completed surveys as well as in-person and virtual meetings. Table 4.1 summarizes 
the responses received from the various types of surveyed organizations.  

Organization Type Surveys Sent 
(#) 

Responses 
Received (#) 

Responses 
Received (%) 

Government 69 34 49% 

Energy Companies 46 24 52% 

NGOsi 12 3 25% 

Financial Institutions 174 43 25% 

Total 301 104 35% 

Table 4-1 Survey Responses by Organization Type.

1. Includes industry associations. 
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4.3 Government Intentions 

4.3.1 Replace 

Most governments state intentions to achieve net zero within their jurisdictions by 2050. 56% of 
respondents to the survey have comprehensive, costed plans to achieve this. Another 11% have 
plans being prepared.  

Minimal work has been done assessing the technical or financial capacity to implement the plans. 
Only 22% of respondents have completed technical assessments, while only 11% have completed 
financial assessments.  

Intentions to financially support Replace initiatives are largely contemplated through either grants 
or equity investments in projects. To a lesser extent, governments intend to provide debt financing 
for Replace projects.  

Total government intentions to financially support projects were calculated for each survey 
respondent on a per capita basis for their jurisdiction. This value was then extrapolated based on a 
total Canadian population of 38,000,000. The summary of results in Table 4.2 shows that 
governments intend to provide approximately $3.2B annually in the form of grants or equity 
investment in projects and approximately $44M annually in debt financing.  

Item Annual Intentions ($/capita) Annual Intentions ($B) 

Grants/ Equity Investment $83.05 $3.2 

Financing $1.15 $0.04 

Table 4-2 Government Financial Intentions. 

4.3.2 Restore 

Promoting the development of hydrocarbon manufacturing infrastructure is not a priority at any 
level of Government in Canada. Only one jurisdiction surveyed (the City of Edmonton) considers 
Restore a specific opportunity. Edmonton is part of Alberta’s Industrial Heartland Association 
(which includes the Lamont, Strathcona and Sturgeon Counties, along with the City of Fort 
Saskatchewan). As well, none of the governments surveyed have intentions of developing a plan 
to increase the capacity of petroleum product manufacturing within their jurisdictions, nor do they 
have any intentions of providing appreciable financial support for associated projects. 
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4.4 Energy Company Intentions 

4.4.1 Replace  

Interview questions were asked of industry on their intentions to develop various types of generation, 
transmission, and storage projects over the 2021-2030, 2031-2040, and 2041-2050 horizons and where 
the capital for these projects would be sourced. Without exception, companies were unable to provide 
this level of detail.  

Companies were very accommodating regarding their intentions and short-term plans in the interview 
process. These interviews made it apparent that energy companies are actively looking for Replace 
project opportunities and prioritizing developing those that meet economic hurdles and have capital in 
place. 

Based on the survey data and follow-up communication, estimates of industry intention for Replace 
project development were prepared. These are summarized in Table 4.3. Note that these estimates are 
based on the total capacity of new Replace projects which can be expected to come on stream annually, 
and do not represent the capacity of Replace projects either being evaluated or developed.  

Table 4.3 also presents estimates of capital expenditures for Replace project intentions. Estimates were 
based on unit costs, developed from personal experience working on clean energy projects. While these 
projects take multiple years to complete, the capital was assumed to be required at the start of 
construction, and that new project development is continuous (i.e., new projects are starting each year).  

Item Annual Industry 
Intentions1

Estimated Capital 
Cost ($B) 

Clean Generation2 1.0 GW $3.3 

H2 Production 0.3 MT $4.9 

RNG Production 55 PJ. $2.1 

Biofuel Production 195 ML $0.2 

Energy Storage 2500 MWh $1.6 

CCS Development 1.4 MT CO2 $1.4 

EV Charging Stations3 1000 $0.1 

Transmission & Distribution 
System Upgrades 1000 km $5.0 

Total $18.6 

Table 4-3 Estimate of Capital Expenditures for Replace Project Intentions. 

1. Includes industry associations
2. Includes hydro, wind, solar, biomass and nuclear.
3. Includes DC & Level 2
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It is estimated that industry intends to expend approximately $18.6B per year on Replace projects. 
A review of current industry expenditures was prepared to assess the accuracy of these estimates. 
Figure 4.1, taken from Statistics Canada data, summarizes historical Canadian energy & resource 
industry annual capital expenditures. Total annual expenditures (including sustaining and 
operations & maintenance capital) range from approximately $60B to >$120B.   

Figure 4.1 Capital Investment in Energy and Mining.  (Statistics Canada, 2022) 
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Figure 4.2 summarizes historical capital expenditures in the energy sector. As shown, annual 
capital expenditures over the 2007 – 2020 period have ranged from approximately $50B to $110B. 

Figure 4.2 Historical Canadian Energy Sector Capital Investments. (Natural Resources Canada, 
2021). 
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Finally, Figure 4.3 summarizes historical annual capital expenditures on renewable projects in 
Canada between 2013 – 2017. These ranged from approximately $2B to nearly $7B. Intentions are 
based on the capacity of new projects that are expected to come onstream annually.  

Figure 4.3 Historical Annual Capital Expenditures on Renewable Projects in Canada Between 
2013 – 2017. (Natural Resources Canada, 2018). 

These figures demonstrate that annual expenditures on Replace projects in the $15 – 20B range 
would appear achievable from a historical perspective.  

Survey interviews indicate that the initial development capital (feasibility studies and initial 
regulatory work) typically comes from free cash flow. The remainder comes from project-specific 
financing, typically in the 30% equity:70% debt ratio. 
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Three common themes were identified regarding barriers to increasing the capacity of Replace 
projects:   

Development Capital 

• Access to capital during the initial phases of development (before obtaining offtake agreements 
and regulatory approvals) is challenging. Venture capital and government programs are typical 
options for companies that do not have operating cash flow. Still, these options are often 
conditional on having offtake agreements and some form of regulatory certainty. 

• Access to capital for nuclear projects (Small Module Reactors/ SMR) will be challenging without 
government support, given the perceived risks associated with the technology. 

Rate Of Return 

• IRRs on CCS projects are insufficient to allow them to proceed under current conditions. 
Government assistance could assist in making them economical. 

• Rates of return on green hydrogen projects are challenging, largely because of the cost of 
power transmission. 

Regulatory Risk 

• Regulatory approvals are regularly viewed as a risk by investors and are often a condition of 
investment and financing. 

• Obtaining regulatory approvals requires significant capital, which creates a constraint for 
projects and organizations not supported by cash flow-generating operations. 

4.4.2 Restore 

Interview questions were asked of industry relative to their intentions for developing various types 
of petroleum product manufacturing projects over the 2021-2030, 2031-2040 and 2041-2050 
horizons and where the capital for these projects is sourced. Without exception, companies were 
unable to provide this level of detail.  

Through interviews regarding corporate intentions and short-term plans, it is apparent that 
significant Restore project opportunities are not being planned. Based on current activity levels, 
new projects producing approximately 1400 T/d of petroleum products are anticipated annually. 

That said, significant planning and development projects do not have financing. Projects which 
could potentially produce 37,000 T/d of saleable petroleum products were identified. These 
projects could be recurring on an annual basis. 
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4.5 Financial Industry Intentions  

4.5.1 Replace 

Interview questions were asked of financial institutions relative to their intentions for financing 
various types of Replace projects over the 2021-2030, 2031-2040 and 2041-2050 horizons. 
Without exception, companies were unable to provide this level of detail. 

Annual reports were also reviewed to assess current levels of investment and financing and 
ascertain intentions for future levels of investment and financing. It became apparent that banks, 
trust companies, pension funds, and private equity and venture capital firms are planning 
significant investments and financing in Replace projects.  

Based on these interviews and reviews, estimates of financial industry intentions relative to equity 
investment and debt financing of Replace projects were made (Table 4.4).  

It should be noted that estimates of available equity assume that the projects generate acceptable 
internal rates of return (IRR). Based on discussions with survey recipients, required IRRs range 
from approximately 6% (for renewable generation, storage, and transmission projects with long-
term contracts) to 15% for clean fuels projects.  

Item Annual Intentions ($B/year) 

Equity $14 

Debt $60 

Table 4-4 Annual Financial Industry Investment Intentions – Replace Projects. 

4.5.2 Restore 

Interview questions were asked of financial institutions relative to their intentions for financing 
various types of Replace projects over the 2021-2030, 2031-2040, and 2041-2050 horizons. 
Without exception, companies were unable to provide this level of detail.  

Annual reports were reviewed to assess current levels of investment and financing and ascertain 
intentions for future levels of investment and financing. It became apparent that banks, trust 
companies, pension funds, and private equity and venture capital firms have neither specific 
intentions nor focus on significant investments and financing of Restore projects beyond standard 
business practices.  

4.6 NGO/ Industry Association Intentions 

Based on survey responses, interviews, and a review of association and NGO websites, no 
evidence of industry associations and NGOs having either prepared Replace or Restore plans or 
intending to prepare them was obtained. Additionally, no assessments of the technical or financial 
capacities to implement plans have been conducted.
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5. Replace Plan  
5.1 Plan Specifics  

A Replace plan modelled after “Pathways to Net Zero: A Decision Support Tool” (Meadowcroft & 
Contributors, 2021) was prepared. Elements of the plan include: 

• Commitment to achieving net zero by 2050.  

• Decarbonizing electricity generation and expanding electricity supply while electrifying as 
much of energy end-use as possible 

• Developing and deploying net zero fuels to replace fossil fuels in situations where 
electrification is difficult or expensive 

• Enhancing energy efficiency to reduce the new net zero energy needed to meet demand 

• Deploying carbon removal approaches to offset residual emissions.  

Figure 5.1 presents an overview of this plan. The following sections provide additional information 
on the elements included in the Replace Plan.  

Figure 5.1 Schematic Vision of a Net Zero GHG Emissions Energy System. 
(Meadowcroft & Contributors, 2021) 
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5.1.1 Decarbonization and Expansion of the Electricity Supply 

Total annual Canadian electricity generation in 2018 was 641 TWh (73GW average) (Natural 
Resources Canada, 2020a). Approximately 17% (109 TWh or 12GW average demand) is sourced 
from coal and natural gas (Natural Resources Canada, 2020a). 

Canadian electricity demand is expected to increase, given the electrification trend. Estimates of 
increases have been provided by, who estimates that it will double by 2050, and the (Canadian 
Energy Regulator, 2021)  , estimating a 44% increase. For this study, it has been assumed that 
demand will increase by 100%. This increase includes allowances for enhanced energy efficiency, 
increased population growth, and reduced fossil fuels as an energy source.  

As such, an additional 85 GW of clean generation needs to be brought online by 2050 (73 GW of 
new demand plus 12 GW of existing demand sources from coal sand natural gas). This value 
equates to 3.0 GW annually over 28 years and will be obtained from a combination of renewables 
(wind, solar, biomass and hydroelectric) and nuclear. These will be developed through a 
combination of utility-scale facilities and micro-generation/ microgrid projects.  

Studies have demonstrated more than sufficient renewable resources are available to 
accommodate this demand. (Barrington-Leigh & Ouliaris, 2015) The total potential for renewable 
energy development is calculated to be 3,668 TWh/year, which includes wind, solar, biomass and 
hydro.  

Considerable potential for the development of nuclear energy also exists. The Canadian Small 
Modular Reactor Steering Committee presents a scenario involving the installation of SMRs at 5% 
of oil sands facilities, 5% of chemical, petroleum & refining plants, 79 remote communities, and 
10% of existing coal-generating plants (Canadian Small Modular Reactor Roadmap Steering 
Committee, 2018). They estimate an annual replacement of approximately 20 TWh within this 
scenario. Clearly, between renewable and nuclear, there is ample clean energy available to 
replace that currently generated by hydrocarbons.    

The development of additional generation will require the expansion of the power transmission and 
distribution network. Based on an analysis of transmission and distribution requirements 
associated with new generation development, it was estimated that approximately 5,000 km of new 
transmission and distribution lines would be required on an annual basis. 

A vital element of this new transmission will be the development of an east west HVDC line 
connecting Quebec to British Columbia. The line would connect the clean generation in Quebec, 
Ontario, Manitoba, and British Columbia, to Alberta and Saskatchewan. This development will also 
assist in minimizing storage requirements (Dolter & Rivers, 2018). 

An evaluation of Canadian storage requirements in a net zero scenario could not be located. 
Based on electricity supply and demand modelling under a decarbonized grid, Dolter & Rivers 
conclude that the construction of HVDC inter-provincial transmission lines can eliminate the need 
for energy storage. However, this assumes that the construction of generation and transmission is 
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coordinated nationally, which is likely challenging. A realistic assumption is that additional storage 
will be required, and an allowance of 4 hours of storage (12 GWh annually) was provided.  

An evaluation of storage requirements for the United States was used to test this assumption 
(Cebulla et al., 2018). Based on modelling under a decarbonized grid scenario, estimated total 
national storage requirements ranged from 0.2 – 6.0 TWh. Assuming that Canadian requirements 
are roughly 10% of the United States, total Canadian storage requirements would be 0.02 – 0.6 
TWh. Over 28 years, this equates to constructing approximately 0.7 – 21 GWh annually. The 
assumption of 4 hours of storage for new generation, or 12 GWh constructed annually, seems to 
make sense. 

The development of an EV charging station network will also be required. Based on anticipated 
levels of EV sales, it is estimated that approximately 350,000 EVs will be added each year. 
Charging station requirements include 3.4 DCFC stations and 40 Level 2 stations for 1000 EVs 
(Dolsak & Prakash, 2021). As such, 1000 DCFC and 14000 Level 2 charging stations need to be 
developed annually.  

Based on an energy content of 3.6 PJ/TWh, the development of 85 GW of clean generation will 
replace 2680 PJ/ year of energy currently sourced from hydrocarbons.  

5.1.2 Developing Clean Fuels 

The development of clean fuels will be required to replace gasoline and diesel fuel for 
transportation purposes and reduce the use of natural gas in heating systems. The following 
defensible assumptions were made for this analysis: 

By 2050, renewable natural gas (RNG) will displace 15% of the natural gas in existing distribution 
systems. The value is based on British Columbia’s commitment to reach this level by 2030 and the 
assumption of overall national reduction (Government of British Columbia, 2021) Nationally, this 
will necessitate developing RNG capacity of approximately 560 PJ/year by 2050. So RNG facilities 
capable of producing 20 PJ/year will have to be developed annually from 2022 to 2050.  

Does the potential exist for developing RNG facilities capable of producing 560 PJ/year? (Abboud 
et al., 2010) estimated that the total potential in Canada is 1,400 PJ/year. (Torchlight Bioresources, 
2020) concluded that the potential exists for producing 809 PJ/year nationally but that only 155 
PJ/year is currently feasible. As technologies for gasification, methanation, and pyro-catalytic 
hydrogenation of wood waste improve, capacities could increase by the 2030 – 2040 timeframe. A 
detailed evaluation for British Columbia was also recently carried out (Envint Consulting & 
Canadian Biomass Energy Research Ltd., 2022) concluding that RNG facilities producing between 
42 – 195 PJ/year could be developed in BC alone by 2050. This suggests that the development of 
560 PJ/year RNG facilities by 2050 is achievable, assuming the technology develops in the 
required time frame.  

Per the federal hydrogen strategy, hydrogen will deliver 30% of delivered energy by 2050, 
necessitating developing 20 MT/year of production (Natural Resources Canada, 2020b) Current 
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hydrogen production in Canada is approximately 3 MT/year (Natural Resources Canada, 2021); 
therefore, an additional 17 MT/year needs to be developed. Over 28 years, this equates to an 
annual addition of 0.6 MT/year of green, blue, and turquoise hydrogen.  

Based on an energy content of 142 MJ/kg, the development of 20 MT/year of hydrogen will replace 
2,840 PJ/year of energy currently sourced from hydrocarbons.  

Does the potential exist for developing hydrogen facilities capable of producing 2,840 PJ/year (20 
MT/year)? (Natural Resources Canada, 2020b)indicates the potential for development of 
approximately 3,400 PJ/year (24 MT/year). As well, (Envint Consulting & Canadian Biomass 
Energy Research Ltd., 2022)also evaluated the potential for hydrogen development in British 
Columbia and concluded that facilities producing 62 - 249 PJ/year of green, blue, and turquoise 
hydrogen could be developed in British Columbia by 2050. This suggests that developing 2,840 
PJ/year by 2050 is achievable. 

A biofuels plan modelled after the (Advanced Biofuels Canada, 2019) plan was assumed for the 
analysis. The plan proposes a total installed production capacity of 8,500 ML/year by 2030. Based 
on an existing capacity of approximately 3,000 ML/year, facilities with a production capacity of 688 
ML/year would need to be brought on stream annually. For this study, it was assumed that these 
facilities' development would continue until 2050. To confirm that sufficient bioresources are 
available, biofuel capacities were compared as presented in (Littlejohns et al., 2018). They report a 
total Canadian biofuel production capacity of 18,000 ML/year. Based on the development of this 
capacity by 2050, production facilities having capacities of 535 ML/year need to be brought 
onstream annually, approximately equal to the plan proposed.  

Assuming an average energy content of 50 MJ/kg and a product density of 0.8 kg/L, the 
development of 18,000 ML/year of biofuels will replace 720 PJ/year of energy currently sourced 
from hydrocarbons.
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5.1.3 Carbon Removal Approaches 

The Replace plan utilizes carbon capture and storage (CCS) facilities to capture emissions from 
energy sourced from oil and gas. CCS requirements were calculated as follows: 

Value (PJ) Source 

Total Annual Canadian Energy Consumption 14,450 (BP, 2020) 

Current Supply from Hydrocarbons 9,650 (BP, 2020) 

Replaced by Electrification 2,680 (5.1.1) 

Replaced by Hydrogen 2,840 (5.1.2) 

Replaced by RNG 636 (5.1.2) 

Replaced by Biofuels 720 (5.1.2) 

Total Replaced from Hydrocarbons 6,876 Calculation 

Energy Supplied by Hydrocarbons in 2050 2,774 PJ/year Calculation 

Table 5-1 Calculations of CCS Requirements. 

Emissions from 2,774 PJ/year were calculated to be 194 MT CO2e/year, so CCS facilities will need 
to capture and store this quantity by 2050. As such, facilities capturing 6.9 T CO2e/year will need 
to be brought on stream annually between now and 2050. 
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5.1.4 Capital Cost Estimates  

Estimates of capital costs associated with the above-described infrastructure are summarized in 
the following table.  

Item Annual Replace Plan 
Requirements1 

Estimated Capital 
Cost ($B) 

Clean Generation2 3.0 GW $9.6 

H2 Production 0.6 MT $9.8 

RNG Production 20 PJ. $1.9 

Biofuel Production 550 ML $1.7 

Energy Storage 11,600 MWh $7.4 

CCS Development 6.9 MT CO2 $6.7 

EV Charging Stations3 15,000 $0.8 

Transmission & Distribution 
System Upgrades 5,000 km $25.0 

Total (annual)  $62.9 

Total  $1,761 

Table 5-2 Annual Replace Plan Requirements & Capital Costs. 

 
Estimated costs were verified by comparing the estimates to the costed government plans received 
through the survey. Plans reviewed included total capital costs between $37,000 - $65,000 per 
capita between 2022 and 2050. Based on a total population of 38M people, the total cost of 
Replace would be between $1.4T and $2.5T. This compares favourably to the cost of the Replace 
plan identified above ($1.761T).   

Assuming a 30% equity:70% debt split, equity and debt requirements for Replace projects will be 
$18.9B/year and $44.0B/year, respectively.

 
1 Requirements are based on capacity of new projects that are needed to come onstream annually. 

2 Includes hydro, wind, solar, biomass and nuclear.  

3 Includes DC & Level 2 
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5.2 Technical Capacity Assessment 

Table 5.3 presents a comparison of the Replace requirements to current Replace intentions. While 
there is lots of activity in the Replace field, except for RNG production, not enough projects are 
being planned and executed to achieve net zero by 2050.  

Item 
Annual 
Replace 

Intentions 

Estimated 
Capital Cost 

($B) 

Annual 
Replace Plan 
Requirements

1 

Estimated 
Capital Cost 

($B) 

Clean Generation2 1.0 GW $3.3 3.0 GW $9.6 

H2 Production 0.3 MT $4.9 0.6 MT $9.8 

RNG Production 55 PJ $2.1 20 PJ $1.9 

Biofuel Production 195 ML $0.2 550 ML $1.7 

Energy Storage 2500 MWh $1.6 11,600 MWh $7.4 

CCS Development 1.4 MT CO2 $1.4 6.9 MT CO2 $6.7 

EV Charging Stations3  1000 $0.1 15,000 $0.8 

Transmission & 
Distribution System 

Upgrades 
1000 km $5.0 5,000 km $25.0 

Total (annual)  $18.6  $62.9 

Total  $521  $1,761 

Total Annual Equity 
(30%)  $5.6  $18.9 

Total Annual Debt 
(70%)  $13.0  $44.0 

Table 5-3 Comparison of Replace Plan Requirements to Intentions. 

 
1 Requirements are based on capacity of new projects that are needed to come onstream annually. 

2 Includes hydro, wind, solar, biomass and nuclear.  

3 Includes DC & Level 2 
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Intentions for RNG projects exceed plan requirements. This is somewhat ironic as while sources 
suggest sufficient RNG is available to meet the requirements, technological development is 
required to realize its potential. Also, the use of wood as a source of feedstock for RNG is a key 
component of producing the required quantities of RNG.  

On a capital basis, total capital shortfalls are approximately $43B annually or approximately 68% of 
the capital required to achieve net zero. So, annual intentions for Replace projects are only 32% of 
those required to achieve net zero by 2050. 

On a capacity basis, shortfalls are summarized as follows: 

Clean Generation 67% 

H2 Production 50% 

Biofuel Production 65% 

Energy Storage 78% 

CCS Development 80% 

EV Charging Stations 93% 

Transmission & Distribution System Upgrades 80% 

Table 5-4 Capacity Shortfalls by Percentage. 

Reasons for these shortfalls were explored with energy developers and operators. The following is 
a summary of the feedback received: 

• Initial project development takes a long time, given a shortage of early-stage, higher-risk 
development capital.  

• The regulatory process for these projects can encompass federal, provincial, and municipal 
approvals, including the National Energy Board for interprovincial projects, and hence takes 
years to complete.   This process creates additional risks and physical constraints on 
completing the work, further exacerbating the challenges in raising development capital. 

• CCS projects are constrained by line-of-sight to realize revenues. Government support 
and/or investment in these projects would mitigate these constraints. 
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5.3 Financial Capacity Assessment 

Table 5.5 compares the capital requirements to achieve net zero by 2050 to the energy 
industry development intentions, as well as the intention of governments and financial 
institutions to invest in and finance Replace projects.  

 

Annual Intentions ($B) 
Replace 

Intentions 
($B) 

Replace 
Requirements 

($B) 
Government Financial 

Industry Total 

Grants/ 
Equity 

Investment 
$3.2 $14 $17.2 $6.0 $18.9 

Debt 
Financing $0.04 $60 $60 $13.9 $44.0 

Total $3.2 $74 $77.2 $19.9 $62.9 

Table 5-5 Replace Plan Financial Capacity Assessment Summary.  

The comparison suggests that more than sufficient equity and debt financing is available for 
current industry intentions. There also appears to be more than sufficient debt financing 
available for total Replace requirements (i.e., to achieve net zero by 2050) and a small 
shortage of equity ($1.7B annually or approximately 9% of the total requirement).  

Estimates of available equity assume that the projects generate acceptable rates of return 
(6% to 15%). Early-stage equity to provide development capital is also in short supply.  

An internal rate of return (IRR) analysis was then carried out for the various Replace 
projects to assess their viability. As previously mentioned, project rates of return between 
6% and 15% appear to be required for Replace projects to obtain financing. Project 
lifespans of 20 years were used in the analysis for all plan components except storage. 
CCS and nuclear, where a lifespan of 25 years was used. This activity is presented in Table 
5.6.   
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Component 
Required Commodity Price Current 

Competitor 
Price 

Future 
Competitor 

Price1 6% IRR 15% IRR 

Solar 
Generation $75/MWh $130/MWh $90/MWh2 $94.80/MWh 

Wind 
Generation $58/MWh $91/MWh $90/MWh2 $94.80/MWh 

Nuclear $109/MWh $194/MWh $90/MWh2 $94.80/MWh 

Storage $59/MWh $105/MWh $60/MWh3 $64.80/MWh 

T&D and 
Charging 
Stations 

$46.80/MWh $94.27/MWh $78/MWh4 $82.80/MWh 

RNG $5.98/GJ $9.91/GJ $4.50/GJ.5 $10.50/GJ. 

Hydrogen $39/GJ $52/GJ 

$46.04/G.J.  
(Diesel) 

$47.21/GJ 
(Gasoline)6 

$49.84/GJ 
(Diesel) 

$50.21/GJ 
(Gasoline) 

CCS $100/T CO2 $185/T CO2 $50/T CO27 $170/T CO2 

Table 5-6  Replace Plan IRR Analysis. 

 
1 Canada grid average 2022 price. 
2 Current price adjusted to include a $170/t CO2e carbon cost 
3 Storage price is based on the difference in the current Ontario off-peak, mid-peak, and peak prices. 
4 T&D / EV charges based on 2022 Alberta grid prices 
5 RNG compared to natural gas pricing. 
6 Hydrogen compared to transportation fuels. 
7 CCS commodity price is assumed to be carbon credits priced per the current federal carbon tax. 
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The analysis was carried out by calculating the required commodity pricing to achieve IRRs 
of 6% and 15% and comparing it to current commodity pricing.  

Apart from nuclear generation, projects associated with decarbonizing the electricity supply 
are largely viable at a 6% IRR but less viable at a 15% IRR. Clean fuels used to 
supplement building heating through introduction into the natural gas system projects are 
challenged. However, hydrogen as a substitute for conventional diesel and gasoline 
appears viable at a 6% IRR and close at 15% IRR.  

Further analysis assessed the impact of the planned increase in carbon tax to $170/tonne 
by 2030. Under this scenario, clean fuel projects for building heating become viable at a 
15% IRR. Also, hydrogen as a substitute for conventional gasoline and diesel is competitive 
at a 15% IRR.   

Analysis of the economic viability of carbon capture and storage (CCS) was more 
complicated as the costs of CCS are incremental to operations, and a clear line of sight to 
offsetting revenue is not visible. Revenues from carbon credits may be available, and 
therefore analysis was conducted to determine the credit price required to achieve the 
desired IRR. A carbon price of $100/T CO2 is required to achieve a 6% IRR, while $185/T 
CO2 is required to achieve a 15% IRR. Comparatively, the current federal carbon price is 
$50/T CO2, and the proposed price is $170/T CO2 in 2030.
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6. Restore Plan  
6.1 Plan Specifics  

The Restore plan involves utilizing crude oil and natural gas as feedstock to produce manufactured 
products once they are replaced as sources of energy. There is a multitude of products that can be 
manufactured from crude oil and natural gas.   

Figure 6.1 presents a summary of these for natural gas, and Figure 6.2 presents a similar 
summary for crude oil.     

Figure 6.1 Natural Gas Products.  With permission from Stantec Consulting.  
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As crude oil and natural gas will continue to be used as an energy source, the quantities used for 
Restore opportunities were calculated as the total energy replaced from hydrocarbons as 
previously presented: 6,876 PJ/year. Assuming the current usage mix of crude oil and natural gas 
remains consistent through 2050, a total of 3.1MM bbl./d of crude oil and 7.4 BCFD of natural gas 
could be used for manufacturing products. This will necessitate bringing on manufacturing facilities 
processing 111,000 bbl./day of crude oil and 266 MMSCFD of natural gas on an annual basis.  

As noted in Section 3.0, approximately 21% of Canadian crude oil is used as a raw material for 
producing materials. The remaining 79% is burned for the production of energy.  

Section 3.0 also established that global demand for raw petroleum materials for use in products 
could grow at a rate of approximately 4% per year. In approximately 40 years, 100% of Canadian 
crude oil could be used for manufacturing instead of as an energy source. This would provide the 
opportunity for increased Canadian oil and gas production to respond to this market.  

The production of plastics has increased globally by more than 1000% since 1970, faster than the 
growth rate of any other group of bulk materials and almost 60% faster than the growth of gross 
domestic product (GDP) (International Energy Agency, 2018). Similarly, ammonia production 
increased by approximately 700% during this period.  

The chemical industry currently consumes approximately 13 million barrels of oil per day and 300 
billion cubic metres of natural gas annually in manufacturing non-energy-related products With the 

Figure 6.2 Crude Oil Products.  With permission from Stantec Consulting.   
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projected increased demand for these products, an additional 3 and 7 million barrels per day will 
be required by 2030 and 2050, respectively. Similarly, 56 billion cubic metres (bcm) of natural gas 
is expected to be used annually for petroleum products by 2030 (International Energy Agency, 
2021b).  

More than 90% of the oil entering as feedstock is transformed into high-value chemicals (i.e., 
ethylene, propylene, benzene, toluene, and xylene). Minimal amounts are used for methanol and 
ammonia production, with the rest used for other chemicals, notably carbon black. About 25% of 
the gas demand for chemical feedstock is used to produce methanol, with most of the rest used to 
produce ammonia. 

Clearly, there are opportunities for Canada to respond to this increased demand.  

 

6.2 Technical Capacity Assessment 

Section 4.0 demonstrates that new projects producing approximately 1,400 T/d of petroleum 
products are anticipated annually based on current activity levels. 

The total quantity of natural gas which could be dedicated to Restore projects starting in 2022 is 
266 MMSCF/d. Assuming a density of 0.68 kg/Sm3, this has a mass of approximately 5,200 T/d, 
creating additional Restore project opportunities. While the specific products will drive the capital 
cost associated with these projects, based on the average costs of petroleum product 
manufacturing facilities, the estimated capital cost associated with natural gas Restore projects is 
$15.0B annually.  

Similarly, Section 6.1 noted that starting in 2022, approximately 111,000 bbls/d of crude oil could 
become available for Restore projects. Assuming a density of 850 kg/m3, this has a mass of 
approximately 14,800 T/d, so additional Restore project opportunities will be available. The 
estimated capital costs associated with these facilities are $43.0B annually, and it follows that the 
total capital costs associated with the Restore plan are $58.0B annually. 
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6.3 Financial Capacity Assessment 

Table 6.1 presents a comparison of the capital requirements to carry out the Restore project 
opportunities to the energy industry development intentions, as well as the intention of 
governments and financial institutions to invest in and finance Restore projects. It was assumed 
that both the energy and financial industries support existing project activity but do not contemplate 
future activity.  

 

Annual Financing Intentions ($B)   

Government Financial 
Industry Total 

Industry 
Restore 

Intentions 
($B) 

Restore 
Requirements 

($B) 

Grants/ Equity 
Investment $0.0 $1.2 $1.2 $1.2 $17.4 

Financing $0.0 $2.9 $2.9 $2.9 $40.6 

Total $0.0 $4.1 $4.1 $4.1 $58.0 

Table 6-1 Restore Plan Financial Capacity Assessment Summary 

Accordingly, sufficient equity and debt financing is available to accommodate current industry 
intentions. However, current industry and financial institution intentions are significantly less than 
the opportunities that the Restore plan affords. Specifically, a total of $58.0B of Restore projects 
could be brought onstream annually between 2022 and 2050. This represents a total capital 
investment in excess of $1.6T. 

An estimate of the value of the products which could be produced through the Restore plan was 
prepared. Assuming an average wholesale price of $1,000 US/tonne ($1290 Cdn/tonne) and a 
90% conversion factor, the total market value of these products in 2050 would be approximately 
$236B/year (Canadian, 2022 $’s).  
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7. Discussion 
Based on the focus and restrictions of this study, the project has demonstrated that Canada is well-
positioned to respond to the Re-mix. The eight questions posed in Section 1.0 have been 
answered within this report. To recap, they are as follows: 

Can enough renewable energy be produced to meet 2050 Net Zero objectives? 
Specifically, is it developable, and if so, what does the energy system of the future 
look like? 

In Section 5.1.2, it was demonstrated that sufficient renewable energy is available to achieve net 
zero by 2050. The future energy system will consist of increased electrification, supplied by low 
CO2 generation (a combination of wind, solar, hydro, and nuclear) supported by storage and an 
upgraded grid connected east to west. Low-carbon fuels will be utilized for both building heating 
and as a transportation fuel.  

What quantity of the hydrocarbons displaced by renewables can be restored and 
used instead as raw materials for products? What products are produced, and where 
will they be used? 

In Section 6.0, it was demonstrated that facilities manufacturing petroleum products sourced from 
both 266MM SCFD of natural gas and 111,000 bbls/d of crude oil can be brought onstream 
annually from 2022 to 2050. These would be sufficient to restore the hydrocarbons displaced by 
renewables and clean fuels as an energy source. Key products available for production include 
ammonia, methanol, ethylene, propylene, benzene, toluene, and xylene. These can be marketed 
both domestically and globally, and significant new demand for these products is anticipated.  

How much capital is required to complete the Replace and Restore Plans?  

In Sections 5.0 and 6.0, total capital requirements were calculated. These are summarized below: 

Item Industry Intention 
($B/year) 

Capital Requirement 
($B/year) 

Replace 18.6 62.9 

Restore 4.1 58.0 

Total 22.7 120.9 

Equity 6.8 36.3 

Debt 15.9 84.6 

Table 7-1 Total Replace and Restore Plan Capital Requirements. 
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This table shows that a total of $120.9B is required annually from 2022 to 2050. This equates to a 
total capital requirement of $1.8B for Replace projects, and $1.6T for Restore projects, for a total of 
$3.4T.  

Where will the capital for all of this come from? What is the mix between debt versus 
equity?   

Table 7.2 summarizes the sources of capital for the Replace and Restore plans and compares 
them to current industry intentions and Replace and Restore Plan requirements.   

 
Source of Capital ($B) Total Industry 

Replace & 
Restore 

Intentions ($B) 

Replace & 
Restore 

Requirements 
($B) 

Government Financial 
Industry Total 

Grants/ Equity 
Investment $3.2 $15.2 $18.4 $6.8 $36.3 

Debt $0.04 $62.9 $62.9 $15.9 $84.6 

Total $3.2 $78.1 $81.3 $22.7 $120.9 

Table 7-2 Replace and Restore Sources of Capital.  

While ample capital is available to meet current Industry intentions, there is an annual shortfall of 
approximately $40B to meet the Replace and Restore requirements. As shown in Section 5.3, 
sufficient capital is available for Replace projects; hence, almost all of the shortfall is associated 
with Restore project opportunities.  

Nominal shortfalls in equity (<$2B annually or <10%) are evident for Replace projects, while more 
than sufficient debt is available (reference section 5.3). Whether or not these shortfalls materialize 
will be largely driven by the rates of return that the projects generate. Current challenges in 
assembling start-up and development capital suggest that these shortfalls are likely. 

Is there sufficient capacity within industry, financial institutions, and the three levels 
of government to carry out all this work?  

From a financial perspective, industry and government will likely have sufficient capacity to execute 
the Replace plans. Insufficient capital is available for the Restore plan, as it does not appear to be 
a priority for either group.   

Tables 7.1 and 7.2 also present summaries of industry intentions for Replace and Restore projects. 
Current Industry intentions include annual capital expenditures of $18.6B on Replace projects and 
$4.1B on Restore projects. This equates to approximately 30% and 7% of expenditures required to 
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implement the Replace and Restore plans, respectively. Levels of industry activity are currently 
insufficient to achieve either plan.  

Previously, capital expenditures in the Canadian energy sector have exceeded the levels required 
to implement the Replace and Restore plans. Annual capital expenditures in excess of $120B were 
achieved in 2013 and 2014 (reference Figures 4.1 and 4.2).   

Are the Replace and Restore Plans viable from a business perspective (i.e. do they 
meet required financial hurdle rates)? If not, what needs to be adjusted?  

Section 5.3 demonstrates that Replace projects associated with decarbonizing the electricity 
supply are competitive at current commodity prices at a 6% IRR but somewhat less viable at a 
15% IRR. Clean fuels used to supplement building heating through introduction into the natural gas 
system projects are challenged; however, hydrogen as a substitute for conventional transportation 
fuels appears to be viable at a 6% IRR and close to being viable at a 15% IRR.  

Under the proposed increase in carbon tax to $170/tonne by 2030, clean fuels projects are viable 
at a 6% IRR and again close to being viable at a 15% IRR.   

The exception to this is CCS projects. As costs of CCS are incremental to operations, a clear line 
of sight to offsetting revenue is not visible. Should revenues from carbon credits become available, 
a carbon price of $100/T CO2 is required to achieve a 6% IRR, while a price of $185/T CO2 is 
required to achieve a 15% IRR 

What gaps must be filled to carry out the Replace and Restore Plans? 

Section 4.2.3 identifies barriers to increasing the capacity of Replace projects. These included: 

• Access to Initial Development Capital 
Access to capital during the initial phases of development (before obtaining offtake agreements 
and regulatory approvals) is challenging. Venture capital and government programs are typical 
options for companies without operating cash flow. However, these options are often conditional on 
having offtake agreements and some form of regulatory certainty.  

• Rate of return 

As shown in Section 5.3, projects generally appear to meet 6% IRR hurdles but require higher 
revenues or cost efficiencies to achieve a 15% hurdle.  

• Regulatory risk 

Regulatory approvals are regularly viewed as a risk by investors and are often a condition of 
investment and financing. Obtaining regulatory approvals requires significant development capital, 
which creates a constraint for projects and organizations not supported by cash flow-generating 
operations.  

For Restore projects, increased activity is constrained by a lack of focus on these opportunities, 
largely by government and financial institutions.  



CANADA IN TRANSITION: AN EVALUATION OF THE BUSINESS CASE FOR THE ENERGY RE-MIX 

  57 

 

If there is excess capacity (both technical and financial), how could this be exported 
outside of Canada?  

Excess capacity on Replace and Restore projects is available, creating significant export 
opportunities for Canada. For Replace projects, while the power grid and natural gas pipeline 
system are set up reasonably well for additional power and RNG/H2 export to the United States, 
further investments in transcontinental HVDC lines and marine terminals for H2 export should be 
considered. For Restore projects, considerable opportunities exist to respond to global demand for 
petroleum products.  
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8. Conclusions 
The conclusions developed from the project are as follows: 

• Canada is well positioned to respond to the Energy Re-mix.  

• Sufficient renewable energy can be developed to meet Canada’s 2050 Net Zero objectives. This will 
consist of increased electrification, supplied by low CO2 generation (a combination of wind, solar, 
hydro, and nuclear) supported by storage, an upgraded grid connected east to west, and utilization 
of low-carbon fuels for both building heating and transportation fuel.  

• Facilities manufacturing petroleum products, sourced from both 266MM SCFD of natural gas and 
111,000 bbls/d of crude oil, can be brought on stream annually from 2022 to 2050. These would be 
sufficient to restore the hydrocarbons displaced by renewables and clean fuels as an energy 
source. Key products available for production include ammonia, methanol, ethylene, propylene, 
benzene, toluene, and xylene. These can be marketed both domestically and globally, and 
significant new demand for these products is anticipated.  

• Capital required to complete the Replace and Restore plans is $120.9B annually from 2022 to 
2050. This equates to a total capital requirement of $1.8B for Replace projects, and $1.6T for 
Restore projects, for a total of $3.4T.  

• Sufficient capital for the Replace plan appears to be available from the combined resources of the 
financial industry, supported by current government intentions (largely the federal government). 
Nominal shortfalls for equity ($1.7B annually or approximately 9%) are evident, while more than 
sufficient debt financing is available. Shortfalls in equity are most pronounced for start-up and 
development capital. Whether or not these shortfalls materialize will be driven mainly by the rates of 
return that the projects generate and visibility to a clear pathway for regulatory approvals.   

• Considerable shortfalls in capital are present for the Restore plan (approximately $54B annually). 
These shortfalls are driven by current lack of acknowledgement of the opportunities for Restore 
projects.  

• While current activity is insufficient to achieve the Replace and Restore plans, industry and 
government appear to have sufficient capacity to execute both plans. Additional promotion by 
industry and industry associations and support from government will be required to advance 
Restore opportunities, as it does not appear to be a priority for either group currently.  

• Replace projects associated with decarbonizing the electricity supply are largely financially viable at 
a 6% IRR and current commodity prices but somewhat less viable at a 15% IRR. Clean fuels used 
to supplement building heating through introduction into the natural gas system projects are 
challenged; however, hydrogen as a substitute for conventional transportation fuels appears to be 
viable at a 6% IRR and close to being viable at a 15% IRR. Under the proposed increase in carbon 
tax to $170/tonne by 2030, clean fuels projects are viable at a 6% IRR and again close to being 
viable at a 15% IRR. 
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• CCS projects are not financially viable without a clear line of sight to offsetting revenues (e.g., 
Carbon credits). Carbon prices between $100/T and $185/T are required to make these projects 
viable.  

• Barriers to increasing the supply of developing Replace projects include access to initial 
development capital, rate of return for select projects without significant carbon pricing adjustments, 
and regulatory approval risk and timing. For Restore projects, increased activity is tempered by a 
lack of focus on these opportunities, largely by government and financial institutions.  

• Excess capacity in both Replace and Restore projects is available, which creates significant export 
opportunities for Canada. For Replace projects, while the power grid and natural gas pipeline 
system are set up reasonably well for additional power and RNG/H2 export to the United States, 
further investments in transcontinental HVDC lines and marine terminals for H2 export should be 
considered. For Restore projects, considerable opportunities exist to respond to global demand for 
petroleum products.  

The project has demonstrated that the Energy Re-mix is an opportunity for economic growth and 
hence could represent a unifying opportunity for Canada. There is a feasible scenario with a 
continued role for significant fossil fuel development in Canada by responding to domestic and 
global demand for hydrocarbon products not used for energy while transitioning to lower carbon 
emission energy sources and achieving climate objectives. Benefits of the Energy Re-mix include 
both reduced emissions through cleaner energy sources and conservation of raw materials that are 
a key building block of products that the global economy demands. 

Finally, the project identified three main focus areas for stakeholders to allow Canada to realize the 
opportunities afforded by the Energy Re-mix. Firstly, the energy industry, industry associations, 
governments, and the financial industry need to advance, promote, and raise the profile of Restore 
projects. Secondly, the financial industry and governments must collaborate with industry to 
provide better access to early development capital for both Replace and Restore projects. Finally, 
governments need to collaborate with the energy industry to streamline the regulatory process for 
Replace and Restore projects.  
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9. Recommendations  
The project has concluded that Canada is well-positioned to respond to the Energy Re-mix. 
Specifically, sufficient renewable energy can be developed to meet our climate objectives, and 
most of it can currently be developed at competitive rates of return. It also concluded that a market 
exists for Canada to utilize all the hydrocarbons replaced by renewables from the energy supply 
chain as raw materials for non-energy products needed domestically and globally. The project also 
concluded that Canada currently has the technical and financial capacity to carry out all of the work 
required within the 2050 horizon.  

However, the project also concluded that current industry activity levels for Replace and Restore 
projects are insufficient to achieve these objectives. Activity levels for Restore projects are 
particularly low. Three main opportunities were identified to remedy this and form the project's 
recommendations.  

Firstly, the energy industry, industry associations, governments and the financial industry need to 
advance, promote, and raise the profile of Restore projects. In particular, industry and industry 
associations should promote Canadian expertise in Restore projects and the opportunities they 
afford to governments and financial institutions, who should then promote these opportunities 
internally and externally. Opportunities also exist for industry and industry associations to provide 
additional resources to investigate, develop and promote export projects for Replace and Restore.  

Secondly, the financial industry and governments must collaborate with industry to provide better 
access to early development capital for both Replace and Restore projects. The development of 
innovative financial instruments and programs to access development capital, particularly for 
companies not having operations which generate sufficient cash flow to finance development, 
should be a priority.   

Finally, governments need to collaborate with the energy industry to streamline the regulatory 
process for Replace and Restore projects. A particular focus on consistency, clarity and timing 
would be beneficial. 
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Appendix A – Survey Recipients 
Government Bodies 

Federal Government 
Natural Resources Canada 
Environment & Climate Change Canada 

Provincial Governments 
British Columbia (Environment & Climate Change Strategy, Energy, Mines & Low Carbon Innovation) 
Alberta (Environmet & Parks Resources, Energy) 
Saskatchewan (Energy & Resources; Environment) 
Manitoba (Conservation & Climate) 
Ontario (Environment, Conservation & Parks; Energy) 
Quebec (Environment & the Fight Against Climate Change) 
New Brunswick (Environment & Climate Change) 
Nova Scotia (Environment) 
Prince Edward Island (Environment, Energy & Cliamte Action) 
Newfoundland (Environment & Climate Change) 

Territorial Governments 
Yukon (Environment; Energy, Mines & Resources) 
Northwest Territories (Environment & Natural Resources) 
Nunavut (Environment)  

Municipalities 
City of Toronto 
City of Montreal 
City of Calgary 
City of Ottawa 
City of Edmonton 
City of Mississauga 
City of Winnipeg 
City of Vancouver 
City of Brampton 
City of Hamilton 
Quebec City 
City of Surrey 
City of Laval  
City of Ajax 
City of Langley 
District of Saanich 
City of Terrebonne 
Town of Milton 

City of St. John's 
City of Thunder Bay 
City of Waterloo 
City of Delta 
Municipality of Chatham-Kent 
City of Lethbridge 
City of Red Deer City of 
Oshawa 
City of Sgeunay 
City of Levis 
City of Barrie 
City of Abbotsford 
City of Coquitlam 
City of Trois- Rivieres 
City of St. Catharines 
City of Guelph 
City of Cambridge 
City of Whitby 

City of Kelowna 
City of Kingston  
City of Halifax 
City of London 
City of Burnaby 
City of Saskatoon 
City of Kitchener 
City of Windsor 
City of Regina 
City of Richmond 
City of Richmond Hill 
City of Oakville 
City of Burlington 
City of Sudbury 
City of Sherbrooke 
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Banks and Trust Companies 
Habib Canadian Bank 
Home Equity Bank 
HSBC 
ICICI Bank 
Industrial Alliance Trust 
Industrial & Commercial Bank of China 
Investor Group 
KEB Hana Bank Canada 
Laurentian Bank of Canada 
League Savings & Mortgage Co 
Canada Infrastructure Bank 
Manulife 
UBS 
Vancity 
Versa Bank 
Wealth One Bank of Canada 
ATB 

Cidel Bank 
CITI Bank 
Coast Capital 
Concentra Bank 
Alterna Bank 
CTBC Bank Corp 
Digital Commerce Bank 
Duo Bank 
Effort Trust 
First Nations Bank of Canada 
General Bank 
TD Canada Trust 
RBC 
RFA Bank 
SBI Canada Bank 
Shinhan Bank of Canada 
Tangerine Bank 

Bank of Canada 
ADS Canadian Bank 
B2B Bank 
Bank of China (Canada) 
BMO 
Scotiabank 
Bridgewater Bank 
Desjardins 
Canadian Western Bank 
CIBC Mellon 
CIBC 
BDC 
MCAN Mortgage 
Motus Bank 
National Bank 
Peace Hills Trust 
Peoples Bank of Canada 

NGOs 
Clean Energy Canada  
Pembina Institute 
Greenpeace 
CREA 
CAPP  
Energy Storage Canada 
Canadian Electricity Assocation 
Chemistry Industry Associaton of Canada 
Canadian Energy Pipeline Association 
Canadian Hydrogen & Fuel Cell Association 
COSIA 
GEIDCO 

Energy Companies
Algonquin Power 
Northland Power 
Canadian Solar 
Greengate 
BC Hydro 
ATCO 
TransAlta 
Sask Power 
OPG 
Manitoba Hydro 
NB Power 
Hydro One 
Emera 
Nalcor 
Next Era  

Newfoundland Power 
Fortis BC 
Fortis Alberta 
Fortis Ontario 
Maritime Electric 
Yukon Energy 
Qulliq energy Corp 
Brookfield Renewables 
Shell 
DOW 
Gibsons 
Interpipeline 
Pembina Pipelines 
Keyera 
Enel 

ENGIE 
Tidewater Midstream 
North River Midstream 
Wolf Midstream 
NR Stor 
Valero 
PG 
Brookfield Infrastructure 
Enbridge 
Suncor 
Cenovus 
TC Energy 
Imperial Oil 
Campus Energy Partners 
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Venture Capital and Equity Firms 
7 Gate Ventures 
AB Teachers Ret Fund 
AIP Private Capital 
Alberta Enterprise Corp 
Annapolis Capital 
Arate Pacific Tech Vent 
ARC Financial  
Atlas Partners LP 
AVAC 
Avatar Ventures 
Azimuth Capital Mgmt 
Azure Capital Partners 
BCI 
Bioindustrial Innovation Can 
Birch Hill EP 
Black Innovation Capital 
Bluesky Equities 
Boast Capital 
Bond Capital 
Boreal Ventures 
Brand Project LP 
Brightspark Ventures 
BTG Capital 
Build Ventures 
CAI Capital Partners 
Caisse Depot (CDPQ) 
Celtic House Venture Partners 
Checkmate Capital 
Clairvest Group 
CM Partners 
Coller Capital 
Comerica Bank 
Comnexus Venture Capital 
Coril Holdings 
CPPIB 
Cycle Capital Management 
Dancap Family Investment 
DMZ Ventures 
Energia Ventures 
Enertech Capital 
Fastbreak Ventures 
Fengate Capital Mgmt 
Fiera Comox 
Fiera Private Debt 
Firepower Debt GP 
First Ascent Ventures 
First Fund 
First West Capital 
Flow Capital 
Fondes de Solidarite FTQ 
Forum Equity Partners 
Framework Venture Partners 
Gammura Venture Labs  
Georgian General Partners 
Global Live 
Golden Ventures 

Good News Ventures 
Green Sky Capital 
Greenrock 
Greensoil Proptech Ventures 
Harbour Vest Partners 
Headwater Equity Partners 
Highland West Capital 
Highline Beta 
Hike Ventures 
Hillcore 
Imperial Capital 
Infometric Venture Partners 
Innovacorp 
Inovia Capital  
Instar Asset Management 
Intrusic Venture Capital 
Investeco Capital Corp 
Ironbridge Investment Partners 
Island Capital Partners 
Kensington Capital Partners 
Kilmer Van Nostrand Co Ltd 
Kirchner Group 
KJSM Ventures  
Lex Capital Management Inc 
Lightheart Management 
Partners 
Luge Capital 
Mancal Group 
Marigold Capital 
Marsiaf 
Maverix PE 
McRock Capital 
Mink Capital 
MKB 
New Brunswick Innovation Fund 
Nimbus Synergies 
Northleaf Capital Partners 
Novacap 
NPC Ventures 
Nutrien 
OKR Financial 
OMERS Private Equity 
OMERS Ventures 
ONCAP Mgmt Partners LP 
Ontario Teachers Pension Plan 
Optrust 
Pacbridge Capital Partners 
Panache Ventures 
Pangaea Ventures 
Peloton Capital Management 
Pender Ventures 
Penfund Direct Lending 
PFM Capital Inc 
PIC Investment Group 
Plaza Ventures 
Portag 3 Ventures 

PRIVIQ Capital Funds 
Quartz Venture LP 
Radical Ventures 
Raiven Capital 
Red Bird Capital Partners 
Red Leaf Capital 
Regimen Equity Partners 
Relay Ventures 
Relentless Pursuit Partners 
Renewal Funds 
Roadmap Capital 
Round 13 Capital 
Sagard Holdings 
Sandaling Ventures 
Seafort Capital 
Searchlight Capital Partners 
STACK Capital 
Stand-up Ventures 
Tactico Inc. 
Tangenia Ventures 
Teralys Capital 
Terra Nova Partners Lp 
The 51 Ventures Fund 
The Carlyle Group 
Third Eye Capital 
TIMIA Capital Group 
Top Renergy VC 
TorQuest Partners 
Trellis Capital Corp 
Tricor Pacific Capital 
Triumph Culture Capital 
TriWest Capital Partners 
Van Edge Capital Partnership 
Venbridge 
Vistar 
Vortu Capital 
Voyager Capital  
Western Economic 
Diversification 
White Haven Ventures 
White Wolf Capital
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against the rest of the country.  

I never thought it needed to be like this. Back in 
Grade 11 in Montreal, Mr. Seminew, my Science 
teacher taught us that energy is neither 
molecules nor electrons – it’s simply the ability to 
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