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Abstract 

Canada is projected to miss its 2030 greenhouse gas (GHG) emissions target. Consequently, 

there remain federal policies that have been announced but not yet implemented that aim to 

close the 2030 “emissions gap”. This study assesses the likely effects of one such policy, the 

Clean Fuel Standard (CFS), on GHG emissions using the gTech energy-economy model, with a 

focus on the importance of policy interactions as they relate to the CFS’s GHG abatement 

potential. The study finds that Canada’s CFS as proposed would cause about 7Mt of GHG 

emissions reductions by 2030 when added to other planned and implemented climate 

policies. An exploratory method for quantifying GHG emissions reductions “overlap” between 

climate policies is developed. The results emphasize the importance to analysts and policy 

makers of accounting for both the incremental and combinatory effects of different types of 

interacting climate polices. 

Keywords:  climate policy, clean fuel standard, low carbon fuel standard, energy-economy 

modelling; policy interaction 
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Chapter 1. Introduction and Background 

Climate change is an omnipresent catastrophe with disastrous consequences. The 

combustion of fossil fuels in the industrialized global energy system is increasing the 

concentration of atmospheric greenhouse gases (GHGs), driving a precipitous rise in global 

mean surface temperature. Impacts of climate change on natural and human systems from 

climate change have already been observed, and will become much worse if GHG emissions 

are allowed to rise as expected. These impacts include sea level rise, ocean acidification, 

disruption of water supply to cities and agriculture, the possible collapse of the Greenland 

and West Antarctic ice sheets, biodiversity loss, and an increase in the magnitude and 

duration of extreme weather events like floods and wildfires (IPCC, 2018). 

In response to the clear risks of unmitigated climate change, representatives of 196 

developed and developing nations, including Canada, signed the United Nations Framework 

Convention on Climate Change Paris Agreement in 2015. The primary goal of the agreement 

is to hold the increase in global average temperature to well below 2 degrees Celsius above 

pre-industrial levels (United Nations, 2015). 

However, in Canada, signing an international treaty does not translate into domestic 

obligations until the treaty is enacted into domestic law by Parliament or provincial 

legislatures. Following the Paris Agreement, Canada’s federal and provincial governments 

together released the Pan-Canadian Framework on Clean Growth and Climate Change (PCF) 

in 2016. The PCF intended to meet the national target to reduce GHGs by 30% below 2005 

levels by 2030 (corresponding to about 511 million tonnes (Mt) of GHGs) with greater 

reductions by 2050 (Government of Canada, 2016).  

In addition to the federal measures contained within the PCF, provincial governments have 

implemented, or plan to implement, their own climate policies. These range from those 

intended to decarbonize particular sectors, to economy-wide prices on carbon. The combined 

result of federal and provincial climate action is a complex landscape of interacting climate 

policies that we see today in Canada.  

However, even taking into consideration the apparent commitment of federal and some 

provincial governments to pursuing effective climate policy, history has shown that 

aspirational targets or plans of action do not necessarily lead to GHG emissions reductions. 
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In fact, over the past twenty years Canada has consistently proven its ability to set targets 

and subsequently miss them. Figure 1 shows Canada’s targets relative to actual and 

projected levels. Canada is projected to miss its 2030 GHG targets with its implemented 

policies as of September 2019 (Environment and Climate Change Canada, 2019a).  

 

Figure 1:  Canadian climate commitments compared to actual and projected GHG emissions. 
Actual and projected GHG emissions are shown in blue and green, respectively. Projected emissions follow 
the federal government’s 2019 WM scenario (Environment and Climate Change Canada, 2019).  

The difference between Canada’s projected GHG emissions and its current international 

commitment is no secret. Consequently, there remain federal policies that have been 

announced under the PCF, but not yet implemented, that aim to close the 2030 “emissions 

gap”. These policies include building codes for new and existing buildings, off-road vehicle 

standards and improvements in electricity transmission. However, the majority of additional 

emissions reductions are expected to come from a policy called the Clean Fuel Standard 

(CFS) (Environment and Climate Change Canada, 2019a). 

Canada’s CFS aims to decarbonize liquid (e.g., gasoline and diesel), gaseous (e.g., natural 

gas), and solid (e.g., coke) fossil fuels. This approach is novel in that the CFS will cover fuels 

used in transport, industry, and buildings, whereas versions of a CFSs in other jurisdictions 

have been used only for transport fuels. The regulatory design process is ongoing—a 

proposed regulatory approach was published in June 2019, with final regulations for the 

liquid stream expected to be complete by late 2021. Liquid class regulations will come into 
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force in 2022, and the gaseous and solid regulations in 2023 (Environment and Climate 

Change Canada, 2019b). 

The federal government has stated that the objective of the CFS is to achieve 30Mt of annual 

GHG reductions by 2030. Of the 30Mt of emission reductions, 23Mt are expected to be 

achieved in the liquid fuels stream, with the remaining 7Mt aggregated from the gaseous and 

solid streams (Environment and Climate Change Canada, 2019b). However, there is no 

publicly available study that evaluates the CFS as announced. 

In this study, I aimed to provide an assessment of the impact of Canada’s CFS on GHG 

emissions. But because there are so many climate policies planned and in place in Canada 

with the potential to interact with the CFS, its efficacy depends on how it behaves when 

“layered” on top of the other existing and projected policies. Specifically, the objectives of 

this study were to: 

1. Assess the likely effect of Canada’s CFS on GHG emissions, and;  

2. Contribute to a better understanding of climate policy interactions as they 

relate to Canada’s CFS. 

The effects of interacting policies on GHGs can be complex, driven by obscure relationships 

between the energy system and economy. To address my objectives, I used a computable 

general equilibrium energy-economy model called gTech, which was well suited to represent 

these effects. 

As part of my analysis, I developed a simple method for quantifying GHG reductions that 

“overlap” when targeted by multiple policies, by comparing the amount of GHG reductions 

achieved by the combination of multiples policies with the reductions achieved by policies 

acting alone. I then used the method as a tool to understand the implications of policy 

interaction on GHG abatement. 

My analysis of the CFS grouped national and provincial policies together to create modelling 

scenarios, which I ran for the period 2015 to 2030. These scenarios included: two reference 

scenarios that represented planned and implemented climate policies; two scenarios that 

added the CFS to the reference scenarios; several scenarios used to explore policy “overlap”; 

and two scenarios used to explore potential modifications to the CFS.  The scenarios were 

then evaluated in terms of national and sectoral results, and technology and fuel outcomes. I 
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also examined CFS credit and deficit quantities and in doing so explored CFS system 

dynamics, focusing my analysis on 2030. 

Climate policy researchers and policy makers are interested in policy attribution—that is, 

evaluating the incremental effect of policies. However, this is challenging to do in 

jurisdictions with many interacting climate policies like Canada. Typically, quantitative 

climate policy analysis is based on either ex ante energy-economy simulation modelling 

methods, or after-the-fact econometric methods, which often depend on the quality of 

available data. This study is an example of the former, which is required because the CFS 

has not yet been implemented. 

The rest of this chapter begins with a discussion of the role for a CFS in Canadian climate 

policy. I then discuss the importance of considering potential interactions between the CFS 

and other national and sub-national climate policies, then lay out the need for this analysis. 

In Chapter 2, I discuss the modelling methods I used for this study, and in Chapter 3 discuss 

the main results of my analysis. Finally, in Chapter 4, I provide a summary of my findings, and 

discuss this study’s limitations and areas for future research. Supplemental information and 

results can be found in Appendix A and B. 

1.1. The Role for a Canadian Clean Fuel Standard 

1.1.1. Greenhouse Gas Emissions from Transport, Buildings, and Industry 

The CFS aims to decarbonize energy used in transport, buildings, and industry. The transport 

sector primarily uses liquid fossil fuels (mostly gasoline and diesel fuels), while residential, 

commercial, and institutional buildings use a variety of fossil fuels (mostly natural gas with 

some light fuel oil) almost entirely for space and water heating (Natural Resources Canada, 

2020). Industrial fossil fuel use is more heterogeneous than in transport and buildings. 

However, in aggregate, industry uses mostly natural gas in addition to light fuel oil and some 

solid fuels like petroleum coke (Natural Resources Canada, 2020). 

The CFS will separate fuels into the liquids, gaseous, and solids classes, subjecting the 

classes to different carbon intensity (CI) reduction requirements. In the liquids class, 

gasoline, diesel, kerosene, light fuel oil, heavy fuel oil, and jet fuel will be included 

(Environment and Climate Change Canada, 2019b). In the gaseous class, the proposed 

regulations suggest that natural gas and propane will be regulated, including liquefied 
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natural gas and compressed natural gas. Finally, for the solids class, the proposed 

regulations suggest that coal, coke, and petroleum coke will be regulated. 

GHG emissions from fuels regulated by the CFS make up a large part of all of those in 

Canada. In 2017, GHG emissions attributable to regulated fuels totaled 405Mt CO2e of the 

national total of 716Mt CO2e (57%) (Natural Resources Canada, 2020). Of the total 405Mt, 

the liquid fuel class accounted for just over half of GHG emissions (51%), with the gaseous 

and solids classes accounting for 37% and 11% respectively (see Figure 2). The large 

majority of GHG emissions from regulated fuels are generated by the liquids and gaseous 

streams, with three quarters generated by gasoline, diesel fuel, and natural gas alone. These 

three fuels should be taken, then, as the primary targets of the CFS.  

 

Figure 2:  Time series GHG emissions for fuels used in transport, buildings, and industry (left 
hand panel), and 2017 GHG emissions by fuel type by sector and CFS fuel class 
(right hand panel). 
Adapted from Natural Resources Canada Energy Use Database (Natural Resources Canada, 2020).  Coal 
and propane emissions for buildings (negligible) are not included.  

Provincial and federal governments in Canada have already targeted fossil fuels and the 

technologies that use them with a large number of different types of climate policies. These 

include variations on carbon pricing, fuel taxes, efficiency regulations, performance 

standards, subsidies, and technology mandates (see Section 2.3.1). The CFS will be added to 

this list and will become a key federal government policy instrument for decarbonizing fossil 

fuels. 
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1.1.2. Clean Fuel Standard Fundamentals 

A CFS (referred to in some jurisdictions as a “low carbon fuel standard”) is a technology-

neutral performance standard that aims to reduce the CI of fuels by limiting the amount of 

GHG emissions produced per unit of energy used. A CFS aims to reduce GHG emissions by 

incentivizing the production and consumption of low carbon fuels and decreasing demand for 

the production and consumption of high carbon fuels by specifying declining average lifecycle 

CIs over time for a given region (Yeh, Witcover, Lade, & Sperling, 2016).  

A CFS is enforced using tradeable compliance credits. CI standards are specified for each 

regulated fuel type (e.g., gasoline, diesel), and a credit market created, allowing for regulated 

parties to trade credits. Fuels with lifecycle CIs above the applicable standard generate 

deficits, while fuels with lifecycle CIs below the standard generate credits (Yeh, Witcover, 

Lade, & Sperling, 2016). Importantly, a CFS often allows for a wide array of alternatives to 

conventional fossil fuels to be used to meeting compliance targets, such as biofuels, 

compressed natural gas, electricity, and hydrogen. 

The policy reduces deficits and increases credits within the system to equilibrium—the point 

where deficits and credits just offset each other. The system tends to incentivize lower cost 

abatement actions before higher cost abatement actions, with the market determining the 

credit price based on supply and demand. A CFS, then, determines whether and by how 

much fuels are implicitly taxed or subsidized as a function of their CIs in reference to the 

standard, and their credit prices. 

Taking a “lifecycle” GHG accounting approach in a CFS is important because different fuels 

vary significantly in where emissions occur along their supply chain. For instance, while 

gasoline and diesel fuel produce most of their emissions when combusted, lower carbon 

fuels, like electricity and hydrogen, can produce a significant portion of their emissions 

through production (or “upstream”) processes. Accurately estimating emissions due to 

increased demand for low carbon fuels is a necessary and difficult part of an effective CFS.  

Taking a lifecycle GHG accounting approach may also require the consideration of land use 

change. Impacts on GHG emissions from land use change could be potentially large, and are 

important to consider in a CFS design (Babcock & Ibqual, 2014). Direct land use change 

happens when a parcel of land is converted to grow crops for biofuel production, while 

indirect land use change happens when crops grown for biofuels displace “traditional” crops, 
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potentially leading to conversion of land elsewhere to supply the displaced crop.  However, 

emissions estimates from modelling efforts vary widely and are uncertain (e.g., Plevin, 

Becjman, Golub, Witcover, & O'Hare, 2015; Rose, et al., 2014; Wicke, et al., 2015). 

The regulated parties in a CFS are typically both conventional and low carbon fuel producers 

and importers. Regulated parties have multiple compliance options within a CFS. These 

include producing or purchasing low carbon fuels, purchasing credits generated by low 

carbon fuel producers or other credit creators, and banking credits for future use. 

The CFS has become a popular climate policy. California, British Columbia, the European 

Union, Oregon, and Washington State have all implemented various forms of a CFS. All of 

these existing versions of a CFS, however, aim to reduce GHG emissions exclusively from the 

transportation sector by incentivizing the production and consumption of low carbon 

transport fuels and incentivizing the development of alternative fuel vehicles1. 

1.1.3. Canada’s Clean Fuel Standard 

Canada’s CFS is novel in its coverage of fuels used in transport, buildings, and industry.  A 

proposed regulatory approach paper published in June 2019 provided a preliminary sketch 

of the gaseous class regulations, and laid out the design fundamentals for the liquids class 

(Environment and Climate Change Canada, 2019b). It remains unclear what approach will be 

taken for the solid fuels class. 

As is common in other standards, the CFS will set performance standards based on fuel 

lifecycle CIs. Baseline CI values will be set for each fuel type, based on average Canadian 

values. Fossil fuel suppliers will generate annual deficits based on the net amount of each 

fossil fuel they produce and import for use. The CI reduction requirement is specified by year 

relative to a fuel type’s benchmark value. The CI reduction for the liquids stream is specified 

at 10 gCO2e/MJ by 2030. The reduction schedule follows a linear trajectory for all liquid 

fuels, starting at 3.6 gCO2e/MJ by 2022. However, CI reductions have not yet been specified 

for the gaseous and solid classes. 

Canada’s CFS will allow credit creation through three pathways. First, project-based actions 

throughout the lifecycle of a fossil fuel that reduces its CI will generate credits. “Category 1” 

                                              

1 See Yeh, Witcover, Lade, & Sperling (2016) for a review of CFS frameworks. 
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(or “upstream”) projects will have to generate “additional” emissions reductions, meaning 

that they are incremental to a counterfactual scenario in which the CFS did not exist. In other 

words, in order for a project to earn credits, reductions must be caused by the CFS. 

Second, credits will be created through the supply of low carbon fuels. This is the 

“conventional” credit creation mechanism expected under a CFS. Examples of eligible fuels 

include ethanol, biodiesel, and synthetic fuels. Gaseous fuels such as blended hydrogen or 

renewable natural gas (RNG) are also eligible for credit creation. Credits generated by low 

carbon fuels will be based on the difference between the lifecycle CI of the low carbon fuel 

and the reference CI value for the fuel, indexed by class. There is one credit reference value 

for all liquid low carbon fuels, one for natural gas, and one for propane. The liquid credit 

reference value declines over time, such that low carbon fuel producers will receive fewer 

credits over time if their fuel’s CI does not decline as well. It is unclear how the solid class 

reference CI value(s) will be set. 

Third, the CFS will allow end-use fuel switching in transportation to create liquid class credits. 

Natural gas, electricity, and hydrogen will be eligible for credit creation. Importantly, an 

additionality requirement will not be applied, and all fuels supplied for transportation will be 

eligible to create credits. Electricity and hydrogen supplied to battery and fuel cell electric 

vehicles will create credits based on the energy supplied to the vehicles, the difference 

between the CI of the fossil fuels being displaced and the “new” fuel, and the energy 

efficiency ratio for the type of vehicle and fuel. CI values for electricity in particular will be 

representative of different province’s electrical grids. Energy efficiency ratios, which are 

specified in the proposed CFS regulations, represent differences in energy efficiencies 

between various fuels and vehicle powertrains. 

Canada’s CFS will also include market mechanisms intended to give regulated parties access 

to low cost compliance pathways, provide price signals for the development of low carbon 

fuels, and support market stability. Renewable Fuels Regulations (SOR/2010-189) credits 

will roll over into the CFS for primary suppliers in 2022 and the CFS will allow for unlimited 

banking of surplus credits. Fossil fuel suppliers will be able to use credits from the gaseous 

and solid fuel classes to satisfy up to 10% of its liquid class deficits. In addition, the CFS will 

allow for early credit creation in the liquid and gaseous classes, after the publication of the 

final liquid class regulations. Primary fuel suppliers will be allowed to offset up to 10% of 
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their annual reduction requirement by payment at fixed price into a compliance fund that 

“obtains greenhouse gas emissions reductions” (i.e., offset credits2).  

Canada’s CFS will also set a maximum price for credits in the system, which could be 

different than the compliance fund price. However, this price has not yet been set. It is 

unclear if the maximum credit price will have an impact on the emissions reductions 

potential of the policy. In theory, the maximum credit price acts as a “safety valve” for the 

credit trading system by constraining the marginal abatement cost price signal sent to 

regulated parties, and potentially reducing the GHG abatement potential of the policy. 

1.2. GHG Emissions Reductions “Overlap” 

Many regions are subject to multiple climate policies. In Quebec, for example, there are over 

30 policies in place that support plug-in electric vehicles (Melton, Axsen, & Goldberg, 2017). 

There are a wide variety of lines of reasoning that can explain why climate policy mixes 

arise3.  

Bhardwaj, Axsen, Kern, & McCollum (2020) conducted an extensive review on policy mixes in 

transport and other energy-related literatures in addition to policy studies, economics, and 

innovation studies. In their analysis, they identified different types of policy mixes based on 

the type of approach used to arrive at the policy mix in question. First, an idealized and 

technocratic approach can be taken to arrive at an “optimal” combination of policies. 

Second, a haphazard approach can be taken over time without careful evaluation of 

potential interactions between multiple policies. Third, policies can be designed to “patch” 

exisiting policy mixes in order to address their shortcomings.  

Regardless of how policy mixes may arise, the importance of considering interactions among 

climate policies is widely recognized (e.g., see Sovacool, Axsen, & Sorrel, 2018; Vass & 

Jaccard, 2017; Goulder & Stavins, 2011; Lepitzki & Axsen, 2018; Holland, Hughes, Knittel, & 

Parker, 2015). However, although it is clear that understanding policy interaction is critical in 

evaluating climate policies, there is no tried and true method for quantifying how GHG 

reductions might be impacted by policies targeting the same source of emissions. As a 

                                              

2 The effectiveness of offset credits is often critiqued by climate policy experts. For example, see Ch. 9 
of Jaccard, 2020. 

3 In this study, I define a climate “policy mix” as multiple policies implemented simultaneously in the 

same region that aim to abate GHG emissions. 
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technical matter, attributing GHG reductions to a particular climate policy can become quite 

complex when analyzing a policy mix containing multiple policies that target the same 

sources of GHG emissions.  

To address this research gap, I focus on the potential for interacting policies to create what I 

term GHG emissions reductions “overlap”, which I define as GHG reductions targeted by 

multiple policies implemented in the same jurisdiction at the same time. The concept of 

“overlap” can be useful to analysts in comparing the level of policy interaction for different 

policy mixes. Overlap can become a threat to meeting emissions reductions targets , or 

estimating the cost effectiveness of policies, when more reductions are attributed to a policy 

than are justified, given the simultaneous effects of other policies aimed at reducing GHG 

emissions. 

This conception of emissions reductions overlap relates to the concept of “additionality”. 

Additional emissions reductions are those that would not happen if a policy were not 

implemented. Quantitative modelling is required to quantify additional GHG effects of a given 

policy to a policy mix (Bhardwaj, Axsen, Kern, & McCollum, 2020). But, the ability of 

simulation models to detect additional GHG effects is challenging, dependant on the method 

of estimating the incremental contribution of each policy (Justen, Schippl, Lenz, & Fleischer, 

2014). This requires the development of scenarios that illustrate future possible outcomes, 

together with pathways that might lead to these outcomes (see Section 1.3 below for 

examples). Scenarios are used to explore futures with high uncertainty, which increases with 

distance into the future. 

There are four mechanisms through which climate policies can induce firms and households 

to reduce a fuel-burning technology’s GHG emissions (Rivers & Wigle, 2018; Vass & Jaccard, 

2017). First, the policies could cause a decrease in the amount of total service demanded 

from a technology – such as the demand for mobility. Second, by improving the efficiency of 

a given technology, the policies could decrease the amount of GHG producing fuel used per 

unit of service (e.g., per kilometer travelled). Third, the policies could cause a reduction in the 

amount of GHGs per unit of fuel that the technology uses to supply service demand. Fourth, 

the policies could trigger some amount of mode switching (e.g., people using more transit 

and less vehicles, or freight shippers using more trains and less trucks). Classifying the 

effects of climate policies in this way provides a useful frame within which to understand 

emissions reductions overlap. 
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Applying this framework to Canada’s CFS, it stands to reason that emissions reductions 

overlap should be expected for policies that target the same sources of emissions, and 

through the same mechanisms. As described in Section 1.1.3, the CFS aims to reduce 

emissions through three credit creation categories: project-based “upstream” improvements; 

low carbon fuels uptake; and end-use fuel switching in transportation. The proposed 

regulations do contain provisions that require additionality for upstream credits, meaning 

that major upstream emissions reductions overlap is not expected. However, policies that 

incentivize actions that reduce emissions through low carbon fuels uptake and end-use fuel 

switching in transportation are expected to overlap with the CFS, potentially decreasing its 

effectiveness (Scott, 2017). 

In particular, policies that are expected to overlap with the CFS include federal and provincial 

carbon pricing systems, British Columbia’s version of a CFS, federal vehicle emissions 

regulations, electric vehicle subsidies, and provincial renewable liquid and gaseous fuels 

mandates. Moreover, zero emissions vehicle mandates in British Columbia and Quebec 

incentivize end-use fuel switching in transportation, as do other federal and provincial 

measures. 

1.3. Need for Analysis 

Although versions of a CFS have been implemented in multiple jurisdictions, they are still 

relatively new policies. CFS systems can have unforeseen consequences due to the 

innovative nature of the policies themselves, and the technologies they incentivize. There 

can be large uncertainties about the potential for emissions reductions and market 

responses to policy constraints (Yeh, Witcover, Lade, & Sperling, 2016). With this in mind, 

researchers have made attempts to estimate the effects of CFS systems using energy-

economy modelling methods with wide-ranging results. To guide my analysis of Canada’s 

CFS, I conducted a brief literature review, which aimed to synthesize insights from relevant 

energy-economy modelling studies4. 

Multiple studies have considered policy interactions partly applicable to Canada’s CFS, but 

they have focused mostly on economic efficiency, impacts on consumer and producer 

welfare, and low carbon fuel production (e.g., Goulder & Stavins, 2011; Whistance, 

                                              

4 See Sovacool, Axsen, & Sorrel (2018) for a characterization of types of literature reviews used in energy 

social science. 
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Thompson, & Meyer, 2017; Greenblatt, 2015; Morrison, et al., 2015; Huang, Khanna, Onal, 

& Chen, 2013). In particular, there has been debate surrounding the comparison of 

abatement costs from carbon pricing with regulations in the transport sector (see Hossaini, 

2019). However, I focus here on what studies had to say about the potential for a CFS to 

reduce emissions at CI reduction levels similar to Canada’s proposed regulations (around 

10% over ten years for transport fuels). 

All studies reviewed found that a CFS can substantially reduce emissions if implemented at 

high enough stringency under plausible economic conditions (e.g., Chen, Haixiao, Khanna, & 

Önal, 2014; Holland et al., 2015; Yang, Yeh, Zakerinia, Ramea, & McCollum, 2015; Yang et 

al., 2016; Rivers & Wigle, 2018; Lepitzki & Axsen, 2018). Two studies in particular analyzed 

versions of a Canadian CFS (Vass & Jaccard, 2017; Navius Research & EnviroEconomics, 

2017). The former found that a CI between 10-15% would achieve the liquids class target of 

23Mt of emissions reductions by 2030. Similarly, the latter found that the CI of transport 

fuels must decrease by 10% and stationary energy CI by 4% to reach the overall target of 

30Mt by 2030. However, several types of key assumptions or simplifications were made in 

many of the reviewed studies. These should be addressed before the conclusions of past 

studies are applied to an evaluation of the Canadian CFS: 

1. Studies commonly assigned fixed lifecycle emissions intensities to low carbon fuels. 

This approach ignored the incentive for producers of low carbon fuels to lower their 

emissions intensity over time under a CFS. Where conservative emissions intensity 

values were used—presumably to hedge against uncertainty—emissions reductions 

were likely underestimated. 

2. Several studies failed to account for the diversity of possible low carbon fuels and 

fuel consuming technologies available under a CFS. Modelling that excluded 

electricity and hydrogen was especially dubious, as a sufficiently stringent CFS is 

expected to induce uptake of electric and hydrogen fuel cell vehicles (Yeh, Witcover, 

Lade, & Sperling, 2016). 

3. Studies simplified or ignored credit market mechanisms, often constrained by their 

modelling methods. In this way past work “idealized” versions of a CFS. In some 

studies, credits were supplied to the market exclusively from low-carbon fuels, and 

the price signal sent by credit prices trading on an unconstrained market were 

undistorted. However, Canada’s CFS as planned will supply credits through multiple 
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pathways, with regulators constraining the credit price. In addition, no past studies 

allowed for upstream credit creation. Simultaneously, modelling credit creation by 

end-use fuel switching was sensitive to assumptions made about vehicle 

technologies, which should be updated to reflect technological development. 

4. A number of optimization studies failed to represent intersectoral dynamics that can 

impact a CFS (e.g., demand for low carbon fuels from sectors other than transport). 

This effect was likely minor compared to other modelling shortcomings, but still 

important to consider. 

Another class of modelling studies examined potential interactions between versions of a 

CFS and other climate policies (e.g., Whistance et al., 2017; Greenblatt, 2015; Morrison, et 

al., 2015; Huang et al., 2013). These focused predominantly on interactions between 

versions of a CFS, renewable fuel standards, and carbon pricing in California and the United 

States. Their methods and results were diverse, but in general there were two findings 

relevant to this study:  

1. While “layering” a national CFS on top of sub-national renewable fuel standards 

might not have had a large aggregate effect on emissions in ex-ante modelling 

studies, it in some cases induced substantial spatial shifts in low carbon fuel 

consumption toward jurisdictions with binding renewable fuel standards (i.e., carbon 

leakage). 

2. More second-generation low carbon fuels (which typically possess low CIs) were 

incentivized under a “layered” CFS and renewable fuel standard regime compared to 

a renewable fuel standard acting alone. 

Of course, past modelling studies were designed to explore diverse research objectives. 

Studies made assumptions that appeared reasonable at the time with respect to these 

diverse objectives, but these now can now be updated to reflect the reality of the proposed 

CFS regulations. Only one study to my knowledge extended CFS coverage past the transport 

sector (Navius Research & EnviroEconomics, 2017).  

However, there has been little work done to evaluate potential interactions of a CFS with 

other climate policies. Modelling a CFS in isolation may have helped policy makers to 

understand the fundamental dynamics of the policy but it does not provide a realistic 

depiction of the regulated sectors that the Canadian version will apply to. Recent CFS 
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modelling studies identified the need for further research on policy interaction (e.g., Lepitzki 

& Axsen, 2018; Vass & Jaccard, 2017; Morrison, et al., 2015). 

In summary, there is a clear research gap in modelling of the Canadian CFS (as announced) 

alongside the likely climate policy mix. My goal is to fill this gap by evaluating the CFS in the 

context of existing and emerging real-world policy complexities.   
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Chapter 2. Methods 

2.1. An Introduction to Energy-Economy Modelling for Climate 
Policy Analysis 

Policy analysis commonly seeks to assess the likelihood of whether one policy or a package 

of policies will be effective in addressing their goals. Three common criteria in climate policy 

analysis are: effectiveness (at GHG abatement), economic efficiency, and political 

acceptability (Jaccard, 2005).  

Policy makers typically rely on energy-economy models to assess the effectiveness and 

economic efficiency of climate policies. For example, policy analysis using an energy-

economy model can simulate the extent to which the stringency of a policy must be 

increased over time for it to have a desired effect on GHG emissions, and at what cost.  

In general, models can be loosely defined as a network of mathematical relationships that 

describe a system. Models combine relationships (e.g., equations) with data and parameters. 

Parameters are variables embedded in the relationships that are internal to the model, and 

that can be estimated from data. In other words, models use parameters to convert real-

world data into values that can be input to relationships, which in turn describe a system. 

Energy-economy models examine the linkages between the energy system and the economy 

of a region (Nakata, 2004). There are several modelling approaches available in energy 

economics, typically based on either equilibrium or optimization approaches (Huntington & 

Weyant, 2002). The differences between model results lay in the interplay among the 

differences in purpose, model structure, and input assumptions (Nakata, 2004). 

For the comparison of energy-economy models, it is useful to define dimensions over which 

to measure similarities and differences. Following Hourcade, Jaccard, Bataille, & Ghersi 

(2006) these demensions are: 

 Equilibrium feedbacks, or the ability of a model to represent structural systematic 

relationships within a region’s economy. In particular, feedbacks that link energy 

supply-demand to the evolution of the economy’s structure and total output, and 

trade and financial feedbacks are desirable; 
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 Technological explicitness, which describes the level of resolution to which a model 

can represent technological information, and; 

 Preference incorporation, which refers to the ability of a model to realistically 

represent agent behavior. 

Models that link major economic feedbacks in a full equilibrium framework are termed 

computable general equilibrium (CGE) models. CGE models have been used for analysis of 

environmental policy and natural resources management issues since the beginning of the 

1990s (Bergman, CGE Modeling of Environmental Policy and Resource Management, 2005). 

CGE models represent the entire economy of a region. They describe the behavior of all 

producers and consumers in an economy, and the linkages between them (Burfisher, 2011). 

CGE models are based on equations derived from economic theory. All of the equations in 

the model are solved simultaneously to find “equilibrium”, defined as the point at which the 

quantities of supply and demand are equal in every market of the economy, given a set of 

prices (Dixon & Parmenter, 1996).  

Social accounting matrices are used to represent monetary flows within the economy, and 

are the basis of CGE models (Bergman & Henrekson, 2003). The microeconomic data 

contained in the databases describe transactions made between economic agents. When 

aggregated, the microeconomic data describe an economy’s aggregate macroeconomic 

response to a policy or other stimulus (Burfisher, 2011).  

In CGE models of the economy, households supply factors of production to firms in exchange 

for payments in the form of wages, interest, and returns on investment. Firms use the factors 

of production provided by households to produce goods, which are sold to households. These 

economic dynamics are described as the circular flow of the economy (Leontief, 1991). The 

social accounting matrices mentioned above are organized into frameworks that represent 

transactions within the circular flow of the economy (Burfisher, 2011). In order to solve, CGE 

models assume that economic agents minimize costs and maximize benefits  on average, 

and that supply and demand of goods and services tend towards equality (Bergman & 

Henrekson, 2003). 
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2.2. The gTech Energy Economy Model 

2.2.1. Model Overview 

I explored my research topic using gTech, a technology-rich CGE model of the Canadian 

energy-economy. gTech was developed, and is maintained, by Navius Research, a consulting 

firm based in Vancouver. This section provides an overview of the version of gTech used in 

the study. The following subsections outline specific technologies and assumptions regarding 

vehicle adoption, technological change dynamics, fuel switching choices, energy prices, and 

policy scenarios, among others. 

gTech simulates how capital stocks of energy producing and consuming technologies evolve 

over time. The version of gTech that I used simulates the economies of British Columbia, 

Alberta, Saskatchewan, Manitoba, Ontario, Quebec, New Brunswick, Nova Scotia, 

Newfoundland and Labrador, Prince Edward Island, the Territories, and the United States in 

five-year periods beginning in 2015 and ending in 2030. Each of these regions can interact 

through trade of commodities and services. A representative household in each region owns 

primary factors (labour, capital) and natural resources which producers rent (wages, 

interests, and profits) and combine with intermediate inputs to create commodities. These 

commodities can be sold to other producers, to final consumers, or to other  regions and the 

rest of the world as exports. Commodities can also be imported from other parts of the world . 

gTech is constructed using MPSGE (mathematical programming system for general 

equilibrium analysis), which operates as a subsystem within General Algebraic Modelling 

System (GAMS) software. GAMS is commonly used for mathematical programming and 

optimization in scientific computing applications. MPSGE is a modelling language designed 

for specifying and solving economic equilibrium models. The language is based on nested 

constant elasticity of substitution (CES) utility and production functions5.  

Industry 

For most of its sectors, gTech simulates activity by ensuring that markets clear. If a sector 

produces excess supply of a good or service, gTech decreases the price for the good or 

                                              

5 Rutherford (1995) provides an overview of the MPSGE modelling framework and syntax. 
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service. Given the sector’s declining profitability with a declining price, the sector’s output will 

decline until all markets reach equilibrium. 

The version of gTech used in this study represents 88 sectors of the economy by nested CES 

production functions. Production functions represent how sectors turn inputs into outputs. All 

sectors maximize profits (minimize costs), subject to constraints.  gTech explicitly represents 

the technologies that industries can use to produce goods and services by grouping them 

under “end-uses”. Technologies demand energy-carrying fuels (e.g., refined petroleum 

products or electricity) to produce services that are specified by end-use (e.g., air 

conditioning or compression). 

In each time period, energy demand is aggregated by fuel across all sectors. Energy demand 

is satisfied by energy supply sectors, within which gTech simulates the evolution of 

technologies acquired to meet energy demand. The energy supply sectors report initial 

energy prices (calculated as a function of supply technologies, among other factors). Energy 

demand is price-sensitive, and responds to these initial prices. This process is repeated until 

energy price changes fall below a threshold value (specified by the model user), thereby 

equilibrating energy supply and demand. 

Households 

gTech uses a single agent to represent all households in each region. The agent maximizes 

utility—a function of the consumption of goods and services supplied by end-uses, some of 

which require energy-carrying fuels. As in industry, gTech uses branched CES utility functions 

to represent how households turn consumption of goods and services into utility. Again, 

energy-consuming technologies compete under end-uses to supply services. 

Technology Choice 

In each five-year period, a portion of the existing technology stock is retired as it ages. Final 

demand for services supplied by new technologies is calculated by region, sector, and end-

use within the model based on equilibrium constraints. The model simulates how different 

technologies compete based on relative costs to satisfy demand. The representation of 

technology choice in gTech (Equation 1 - Equation 4) follows the approach used in the CIMS 

micro-economic energy-economy model, in which technologies compete for market share to 

supply energy services (Jaccard, 2009). 
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The existing stock of technologies gradually retires over time, and the demand for services 

may grow, which together leave a gap between demand for end-use services and the service 

supply from existing technologies. Prospective technologies compete for market share to fill 

the “new” demanded end-use service. Technologies are represented in terms of the quantity 

of energy service they provide. The version of gTech used for this study includes more than 

200 technologies across more than 50 end-uses. Technological choice in gTech is 

represented by CES functions. Inputs into the CES functions are the outputs of individual 

technologies, specified by Equation 1. 

Equation 1: Technology choice 

𝑌 =  𝛾 (∑𝛼𝑛 𝑇𝑛
𝜌

𝑛

) 
1
𝜌 

Where:  𝛾 is a constant production adjustment factor; 𝑛 is a set representing technologies for 

a given end-use. 𝛼 is a shape parameter specific to each technology; 𝑇 is the demand for a 

specific technology; 𝜌 = 1 − 1/𝜎 , and 𝜎 is the elasticity of substitution between 

technologies, which incorporates market heterogeneity. 

The demand for a specific technology (𝑇) is given by Equation 2, and Equation 3 estimates 

the market share for each technology. Equation 3 assumes that firms minimize costs and 

households maximize utility. 

Equation 2: Technology demand 
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Where: 𝑃𝑛
𝑇 is the life-cycle cost for a technology; and all other parameters are defined above.  

Equation 3: Technology market share 
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The price for each technology (𝑃𝑛,𝑦
𝑇 ) in year y is a function of its annualized capital costs, fuel 

costs, service costs, and policy costs (e.g., carbon pricing, regulatory constraints) (Jaccard, 

2009). 

Equation 4: Technology prices 

𝑃𝑛,𝑦
𝑇 =  

𝑟 ∙ 𝐶𝐶𝑛,𝑦 
𝑇

1 − (1 + 𝑟)𝑡
+ ∑𝑃𝐹𝑓

𝑓

∙ 𝑓𝑢𝑒𝑙𝑛,𝑓
𝑇 + ∑𝑃𝑆𝑠

𝑠

∙  𝑠𝑒𝑟𝑣𝑖𝑐𝑒𝑛,𝑠
𝑇 + ∑𝑃𝑃𝑝 ∙ 𝑝𝑜𝑙𝑖𝑐𝑦𝑛,𝑝 

𝑇

𝑝

  

Where: 𝐶𝐶𝑛,𝑦 
𝑇 is technology n’s capital cost per unit of service output in year y; 𝑟 is the 

discount rate, specified by end-use, used to annualize capital costs, which captures 

household and firm time preferences; 𝑡 is the lifespan of technology n in years; 𝑃𝐹𝑓 is the 

fuel price for fuel f; 𝑓𝑢𝑒𝑙𝑛,𝑓
𝑇  is the fuel requirement for fuel f by technology n; 𝑃𝑆𝑠 is the price 

of service s by technology n; 𝑠𝑒𝑟𝑣𝑖𝑐𝑒𝑛,𝑠
𝑇  is the requirement for service s by technology n; 

𝑝𝑜𝑙𝑖𝑐𝑦𝑛,𝑝 
𝑇 is the requirement for policy p by technology t; 𝑃𝑃𝑝 is the compliance cost for a 

policy (explicit or implicit). 

Declining capital costs are represented in the model through “declining capital commodities” 

for particular technologies. For instance, capital costs of a battery electric vehicle are 

represented by “electrical products” (e.g., the battery) and “vehicle parts” (e.g., the chassis). 

The cost of electrical products can be set to decline over time, while the cost of vehicle parts 

can be fixed. A decline rate and a floor price is set for each capital commodity.  

Non-financial costs (also often referred to as intangible costs) are included in the model 

within a technology’s capital cost (𝐶𝐶𝑛,𝑦
𝑇 ). Non-financial costs are included to reflect agent 

preferences and perceptions of risk. For instance, consumers might perceive marked 

differences in levels of risks when deciding between a battery electric vehicle and a 

“conventional” vehicle equipped with an internal combustion engine. 

Fuels 

gTech contains detailed representations of liquid fuel (e.g., crude oil and biofuels) and 

gaseous fuel (e.g., natural gas and RNG) supply chains. The version of gTech used for this 

paper represents 24 distinct energy-carrying fuels (e.g., heavy fuel oil, hydrogen, wood 

waste). Each technology in the model consumes a certain amount and type of fuel per unit of 

service. The fuel required per unit output (i.e., the fuel efficiency) by a technology is fixed and 

specified exogenously. The model accounts for fuel efficiency gains by including “efficient” 
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technologies in particular end-uses (e.g., vehicles, hot water heating). End-uses services, 

then, can be supplied through the consumption of a variety of fuels . These fuels have 

different GHG intensities associated with their use. Their lifecycle GHG intensities vary in the 

model depending on production pathway and final end-use. 

In particular, biofuels production is determined internally in the model, not specified to follow 

an external forecast. Each liquid biofuel modelled in the CFS scenarios (see Section 2.3.2) is 

produced through its own sectors. For example, wheat ethanol is produced by the wheat 

ethanol sector, which itself demands end-use services (e.g., high temperature steam) and 

corresponding fuel-consuming technologies (e.g., natural gas fired boilers). RNG (also termed 

biogas) is supplied in the model through three production pathways: landfill gas capture; 

anaerobic digestion in the agriculture sector; and “second generation” processes using 

forest residue or agricultural residue feedstocks for pyrolysis or gasification.  Biofuels 

feedstock quantities are constrained in the model because they are outputs of other sectors. 

Agricultural feedstocks are produced by the agricultural sector, and fuel producers compete 

for these commodities (e.g., wheat). 

The ability for fuel blending in the model is represented with “fuel services” for gasoline, 

diesel, and natural gas. For example, technologies demand “gasoline services” instead of 

gasoline. Fuel services are in turn supplied by different types of fuels that can be blended 

(e.g., ethanol and gasoline). Gasoline service is supplied by “pure” gasoline, cellulosic 

ethanol, renewable gasoline, wheat-based ethanol, and corn-based ethanol. Diesel service is 

supplied by diesel fuel, renewable diesel, canola-based biodiesel, soy-based biodiesel, and 

hydrogenation derived renewable diesel (HDRD)6. Finally, natural gas service is supplied by 

“pure” natural gas, RNG, and hydrogen. Fuel blending constraints are specified exogenously 

(see Table A1 in Appendix A). 

2.2.2. Model Parameters and Calibration 

Sources of Data  

The economic data underlying gTech is mostly derived from Statistics Canada’s System of 

National Accounts (SNA). The SNA is an internationally agreed-upon standard for measuring 

economic activity. In Canada, four bodies of statistics constitute the major components of 

                                              

6 HDRD can also be used as a direct replacement for diesel fuel in the model.  
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the national accounts: input-output tables, industry output and productivity, financial flow 

accounts, and the balance of payments and international investment positions  (Statistic 

Canada, 2015). Of these, the main source of gTech’s economic input data are drawn from 

the input-output tables.  

Energy data comes from various Statistics Canada Canadian Socioeconomic Information 

Management (CANSIM) tables, including the Report on Energy Supply and Demand. CANSIM 

contains most of the aggregate data collected from Statistics Canada on a regular basis. 

Energy and technology data are also drawn from Natural Resources Canada’s 

Comprehensive Energy Use Database.  

For technologies, initial capital costs, operating costs, intangible costs, start year, end year, 

and efficiencies are all determined exogenously. Technical and market literature provide 

data on costs and energy efficiency of new technologies. In addition, some researchers focus 

their surveys and analysis on the potential for energy efficiency through new technologies 

and improvements to existing capital equipment (Worrell, Ramesohl, & Boyd, 2004). Energy 

consumption of technologies are estimated from surveys at different levels of technological 

detail. 

Parameters 

Parameters not directly input from data sources are typically estimated through a calibration 

routine. This routine sets certain values such as end-use intensities or subsidies for certain 

industries so that gTech can use these values in its formulation of functions. However, 

elasticity of substitution sources can also be determined from a mixture of detailed 

technology characterizations, historic time series data, and expert judgement.  

gTech’s representation of behavior is based on functions and parameter values from the 

CIMS micro-economic energy-economy model (Jaccard, 2009). For behavioral parameters 

(e.g., technology intangible costs), estimation often involves the use of discrete choice 

surveys. It is a difficult task to gather information on consumer and firm choices on the 

hundreds of technologies in gTech. So, discrete choice research has been focused on several 

nodes that influence energy-related technology choices in the energy supply, residential, 

transportation and industrial sectors (Jaccard, 2009).  

Past research has centered around consumer vehicle choice, commuting mode choice and 

responses to changes in travel time, residential renovations, residential home heating 
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systems, and industrial firms’ choices with respect to steam generation systems, among 

others (e.g., Rivers & Jaccard, 2005; Jaccard, Rivers, & Horne, 2005; Jaccard, Murphy, & 

Rivers, 2004; Washbook, Haider, & Jaccard, 2006; Liu, Mao, Tu, & Jaccard, 2014; Mao, 

Yang, Liu, Tu, & Jaccard, 2012). In general, industry and energy supply sectors have lower 

discount rates, lower and in some cases zero intangible values, and less market 

heterogeneity compared to household energy consumption, personal transportation and 

some commercial energy uses (Bataille, Jaccard, Nyboer, & Rivers, 2006).  

Model Calibration 

In model calibration, the user adjusts certain model parameters to fit empirically observed 

trends. In the version of gTech I used, I first adjusted output and end-use demand for various 

sectors. Then, I adjusted sector output of manufactured non-energy goods, because 

adjusting end-use service intensity would have a severe impact on competitiveness and 

trade between regions. However, I adjusted end-use demand intensities for sectors anchored 

in resources (e.g., natural gas), and household sectors. For household sectors, in particular, 

this type of adjustment addressed expected changes in factors such as heating degree days 

(used in estimating energy demand for space heating). I made adjustments until energy and 

emissions forecasts (among others) aligned with national inventory reports of IPCC sectors 

and Canadian economic sectors. In general, the calibration process involves a degree of 

subjectivity, relying on expert judgement. 

Technology and Energy Assumptions 

Economic Activity 

Sector activity in gTech is determined by a combination of external assumptions and 

modelled results. For sectors that use external assumptions to generate a forecast, I 

calibrated to those sources, meaning that sector activity aligned with the external forecast in 

a specific scenario, while policy-induced deviations from the calibration scenario changed 

sector activity from the external assumption. For other sectors, gTech simulates sector 

activity by ensuring that markets clear. 

In the version of gTech used for this study, GDP by sector is determined mostly by average 

growth rates, set in line with provincial and federal government projections. Sector activity is 

determined by labor productivity. However, I calibrated the activity of some sectors in 
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particular to exogenous forecasts and assumptions outside of growth rates and labor 

productivity. 

Industry 

In the model used for this study, the industrial sector is comprised of over 70 sectors. Unlike 

in transportation and buildings, energy and associated GHG emissions originate from many 

sources in industry. Industrial emissions in the model can originate from stationary 

combustion, transport (expanded on below), fugitive sources, industrial processes, or 

agriculture. I used national industrial emissions in 2015 (the base year) as direct 

assumptions that went into the model during calibration (see Table A2 in Appendix A). 

Transportation 

Transportation activity is determined in gTech based on the demand for transport services 

from each sector (including households for light-duty vehicles). For example, the forestry 

sector requires a certain amount of heavy-duty vehicle service for every unit of output. If its 

output doubles, so too would the amount of heavy-duty vehicle service. Activity in each 

transportation end-use may be distributed among sectors.  

Transportation end-uses are mostly modelled as independent from one another, meaning 

that the activity in one end-use does not directly affect the activity of another. A key 

exception is the substitution between light-duty vehicle travel and transit for households. All 

else equal, an increase in price of light-duty vehicle travel (e.g., from an increase in fuel 

prices) will result in more travel via buses and light-rail transit.  

I used updated vehicle parameters in this study for the transportation sector. Vehicles costs 

are disaggregated by end-use into capital costs, energy costs, service costs, and intangible 

costs. Discount rates are specified by end-use (see Equation 4). Fuel intensities are specified 

by transportation technology (Table A3 in Appendix A lists vehicle costs by end-use). 

Buildings 

Similar to transportation, activity in the building sector is a result of the model, not an 

external assumption. Building floor space increases based on the relationship between floor 

space and total economic output or household income. Floor space is disaggregated into six 

categories of buildings: food, office, retail, schools, warehouses, and “other”. The share of 
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different building types are assumed to remain constant over time. Residential buildings are 

further split into categories: single-family detached, single-family attached, and apartments. 

The model captures relationships between end-use in the buildings sector more so than in 

other sectors. The version of gTech used for this study simulates three decisions that affect 

building energy use and GHG emissions. First, it simulates the choice for building shells at 

different levels of efficiency. Second, within a building shell the model simulates the choice 

for cooling and heating load. Third, it simulates the technological choice for heating or 

cooling systems (e.g., heat pump, natural gas furnace, etc.). 

Energy Prices 

In the version of gTech used for this study, I initially calibrated oil and gas prices to the 2019 

Energy Information Administration’s Annual Energy Outlook reference case (U.S. Energy 

Information Administration, 2019). After the model was calibrated to the Annual Energy 

Outlook forecast, prices are determined endogenously based on supply and demand for 

natural gas in North America. Crude oil prices are an exogenous input to the model. Crude oil 

prices rise to $90/barrel (2017 $USD) by 2030, and natural gas prices rise to 

$4.25/MMBTU (2017 $USD) by 2030.  

The prices for other energy commodities are determined by the model based on demand and 

the cost of production. For example, in the model, the price of electricity in a region depends 

on the cost of generation (subject to policy constraints), the cost of the transmission and 

distribution network, and taxes and subsidies specific to the sector. The cost of bio-energy 

production is determined within the model, based on exogenously specified base-year costs 

(capital, operating, feedstock, co-product), which can be found in Appendix A (Table A5).  
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Figure 3:  Average energy prices from model calibration in $2015/GJ. 

2.3. Scenarios 

My analysis of the CFS grouped national and provincial policies together to create scenarios. 

These scenarios included: two reference scenarios; two scenarios that added the CFS as 

proposed by the federal government to the reference scenarios; several scenarios used to 

explore policy overlap; and two scenarios used to explore potential modifications to the CFS. 

Table 1 below gives names and brief descriptions of the different scenarios. Each scenario is 

described in greater detail below. 

Table 1: Description of modelling scenarios. 

Scenario Description 

Implemented 
 
Implemented+CFS 

A reference scenario that included implemented federal and provincial policies 
as of January 2020. 
Added a nation-wide CFS as proposed in liquid and gaseous fuels to 
Implemented scenario. 

Planned 
 
Planned+CFS 
 
Planned+Stringent CFS 
 
Planned+Modified CFS 

A reference scenario that included planned and implemented federal and 
provincial policies as of January 2020. 
Added a nation-wide CFS as proposed in liquid and gaseous fuels to the 
Planned scenario. 
Increased the stringency of the CFS in the Planned+CFS scenario in order to 
achieve about 30Mt of additional reductions by 2030. 
Modified the CFS in the Planned+CFS scenario by: (1) removing upstream 
credit creation for all provinces and territories; and (2) removing all deficit and 
credit generation from British Columbia.  
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Scenario Description 

Overlap Iteratively added and subtracted six different types of climate policies alone 
and in combination with the CFS to an alternative reference case in order to 
quantify GHG reduction overlap. 

2.3.1. Reference Scenarios 

It was crucial to define appropriate reference scenarios before estimating the additional GHG 

reductions from the CFS. However, there are a large number of federal, provincial, and 

municipal policies and measures planned or implemented in Canada. Some were fully 

implemented at the time of writing, while others were still in the development or planning 

stages.  

The Implemented reference scenario included policies that were implemented by January 

2020, such as: renewable and low carbon fuel policies, including the federal renewable fuels 

regulations, British Columbia’s existing low carbon fuel standard, and existing provincial 

regulations; zero emission vehicle mandates in place in British Columbia and Quebec; and 

Quebec’s RNG mandate. The Planned reference scenario adds to these policies that were 

planned by January 2020, such as: British Columbia’s RNG mandate, and strengthened low 

carbon fuel standard; Manitoba’s strengthened biofuels regulations; and Ontario’s 

strengthened greener gasoline regulation. Table A4 in Appendix A describes the planned and 

implemented federal and provincial policies that were included in this study.  

I used the following criteria to classify a policy as “implemented”7: (1) the policy had been 

enacted as law at the federal or provincial level; (2) the policy was expected to achieve 

significant emissions reductions; and (3) there was sufficient information available to model 

the policy. My decision to include a planned policy was less precise, but in general I used the 

following criteria as a guide: (1) there was sufficient information available to model the 

policy; and (2) the policy was announced as of January 2020.  

In some cases, planned policies increased the stringency or coverage of implemented 

policies. In these cases, the planned policy took over from the implemented policy. For 

example, in the Planned scenario British Columbia’s strengthened low carbon fuel standard, 

                                              

7 These criteria closely follow those used in ECCC’s modelling methodology. For example, see 

Environment and Climate Change Canada (2019a). 
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which will increase sector coverage and increase its CI reduction requirement, was modelled 

to take over from the less stringent version modelled in the Implemented scenario. 

2.3.2. Clean Fuel Standard Scenarios 

I modelled four versions of the CFS for this study: Implemented+CFS, Planned+CFS, 

Planned+Stringent CFS, and Planned+Modified CFS. All four scenarios applied the policy only 

in the liquid and gaseous fuel classes. This section first describes the four scenarios, then 

lays out the methods used to model the CFS in gTech. 

The four CFS scenarios were similar in how they applied the modelling framework described 

below. First, the Implemented+CFS and the Planned+CFS scenarios aimed to evaluate the 

policy as outlined in the federal government’s proposed regulations, but measured against 

different reference policy mixes. The proposed regulations specify CI reduction requirements 

for liquid fuels of 10 gCO2e/MJ, and state that the liquids stream should account for 23Mt of 

GHG emissions reductions by 2030. However, they do not specify CI reduction requirements 

for the gaseous stream. 

I estimated a 2030 CI reduction requirement of 1.3 gCO2e/MJ for the gaseous stream for the 

Planned+CFS and Planned+Modified CFS scenarios by first projecting natural gas 

consumption emissions, then finding the CI that would result in 7Mt of emissions reductions. 

To forecast natural gas consumption, I used a reference scenario that represented 

implemented and planned policies, with the exception of the CFS itself and British 

Columbia’s planned RNG regulations. I used a deficit creation benchmark (i.e., the national 

average CI for natural gas) of 62 gCO2e/MJ. Importantly, I made the assumption that 7Mt of 

deficits will be created through natural gas consumption by 2030. However, the proposed 

regulations suggest that deficits will also be created through propane consumption, and that 

emissions reductions from the gaseous stream might be closer to 6Mt. Taken together, this 

means that my analysis might have slightly overestimated the CI reduction in the gaseous 

class. Mirroring the liquid CI reduction requirement schedule set out by the federal 

government, I used a gaseous class value of 0.78 gCO2e/MJ in 2025 (60% of the 2030 CI 

reduction requirement). 

The third CFS scenario, Planned+Stringent CFS, followed the same modelling approach as 

Planned+CFS, but increased the stringency of the CI requirements in both liquid and gaseous 
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streams such that the policy achieved 30Mt of additional emissions reductions by 2030. I 

held the relative stringencies of the liquid and gaseous classes constant.  

The final CFS scenario, Planned+Modified CFS, contained two major modifications to the 

design of the CFS modelled in the Planned+CFS scenario. First, I removed upstream credit 

generation in all regions. Second, I removed all CFS credit and deficit generation from British 

Columbia. In this way, the Planned+Modified CFS scenario acted as a “backstop”, where the 

policy was only applied in regions that did not have their own version of a CFS. 

The structure of GAMS allowed the CFS (and other regulations) to be specified as a credit 

trading system by region, sector, end-use, and fuel type within gTech. Two credit systems 

were modelled for the CFS—one for the liquids class and one for the gaseous class. The 

credit trading systems imposed compliance costs on each cost-minimizing sector by forcing 

its credits to equal its deficits, thereby impacting its equilibrium technology and fuel 

composition. CFS deficits were created based on consumption of fossil fuels, while credits 

were created based on consumption of low carbon fuels in addition to upstream activities 

and fuel switching activities in the liquids class, as described in greater detail below.  

There were two market mechanisms represented in the model. First, 10% of the liquid class 

compliance could be achieved from the gaseous class, and vice versa. This was achieved in 

the model by placing a constraint on transfers between credit systems. Second, 10% of a fuel 

class’ national compliance could be achieved through a compliance fund at an exogenously 

set price. I used $225 per ton CO2e (2015 dollars) as the compliance fund price. I chose this 

value to mirror price ceilings used in other versions of a CFS (most notably in British 

Columbia). However, note that at time of writing the compliance fund price had not yet been 

set by the federal government. 

Fossil fuel consumption created deficits based on the fuel type. The quantity of credits and 

debits created was a function of the policy’s stringency, such that the total amount of 

national credits equaled the total amount of national debits for each fuel class (e.g., the 

liquid class). The stringency of the policy was reflected in the CI reduction requirement for 

each fossil fuel. Equation 5 gives the calculation for deficit creation in a given model year.  

Equation 5: Deficit creation 

𝐷𝑒𝑓𝑖𝑐𝑖𝑡𝑠 (tCO2e) =
∑ 𝐸𝐹 ∗ (𝐶𝐼𝐵𝐹 − 𝐶𝐼𝑅𝐹 )𝑛

𝐹=1

1,000,000
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Where:  𝐸𝐹 is the energy supplied by fossil fuel F in MJ; 𝐶𝐼𝐵𝐹  is the baseline CIs for fossil fuel 

F in gCO2e/MJ; and 𝐶𝐼𝑅𝐹 is the CI reduction requirement for fossil fuel F in gCO2e/MJ. 

Table 2 gives the baseline CIs for fossil fuels, which follow those specified in the proposed 

CFS regulations (Environment and Climate Change Canada, 2019b). 

Table 2: Baseline CIs (𝐶𝐼𝐵𝐹) for fossil fuels. 

Fossil Fuel Gasoline Diesel Light Fuel 

Oil 

Heavy Fuel 

Oil 

Jet Fuel Natural 

Gas  

𝑪𝑰𝑩𝑭 (g 
CO2e/MJ) 

92 100 84 99 86 62 

 

Credits were generated in the model through three mechanisms. First, I modelled “category 

1” upstream credits by benchmarking average CIs of output for oil and gas production and 

refining sectors. If the service’s CI fell below the benchmark as a sector minimized CFS 

compliance costs, credits were generated by end-use and sector based on the difference in 

end-use CI and the amount of service supplied. I calculated benchmark average CIs of output 

were using outputs from a reference scenario that included implemented policies. For this 

paper, only pipeline compressor stations and carbon capture and storage end-uses 

generated upstream credits. These end-uses reflected activities prioritized in the proposed 

CFS regulations8.  

The second way that credits were generated in the model was through low-carbon fuel 

blending. Equation 6 gives the calculation for credit creation for “category 2” low carbon fuel 

credits. 

Equation 6: Low carbon fuel "category 2" credit creation 

𝐶𝑟𝑒𝑑𝑖𝑡𝑠 (tCO2e) =
∑ 𝐸𝐿𝐶 ∗ ((𝐵𝑀𝐿𝐶 −  𝐶𝐼𝑅𝐿𝐶 ) −𝑛

𝐿𝐶=1 𝐶𝐼𝐿𝐶)

1,000,000
 

Where:  𝐸𝐿𝐶 is the energy supplied by low carbon fuel LC in MJ; 𝐵𝑀𝐿𝐶 is the credit benchmark 

CI for low carbon fuel LC, given in gCO2e/MJ; 𝐶𝐼𝐿𝐶 is the credit reference value CI for low 

carbon fuel LC, given in gCO2e/MJ; 𝐶𝐼𝑅𝐿𝐶  is the CI reduction requirement for low carbon fuel 

LC. 

                                              

8 See pg. 24 of Environment and Climate Change Canada (2019) for futher information. 
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The following biofuels were included in the model: canola biodiesel; soy biodiesel; cellulosic 

ethanol; corn ethanol; wheat ethanol; canola HDRD; cellulosic renewable gasoline and diesel 

from pyrolysis (RGD), and RNG. CFS biofuel CIs (𝐶𝐼𝐿𝐶) were specified by taking production 

weighted averages by region using GHGenius 4.03a with the exception of Br itish Columbia, 

where CI data from the Low Carbon Fuel Standard was publicly available9. Direct land use 

change emissions estimates were included in the biofuel CIs, but CIs did not include any 

indirect changes from increased biofuel demand. Also, the assumption was made that 

biofuels did not affect engine energy efficiency (i.e., there were no energy efficiency ratios 

used to model biofuels).  

CIs for the following biofuels were specified exogenously to decline over time: canola 

biodiesel; soy biodiesel; cellulosic ethanol; corn ethanol; wheat ethanol; HDRD; and 

renewable gasoline and diesel from pyrolysis. GHGenius 4.03a assumes that the CI of inputs 

to biofuel production decline over time (e.g., due to low carbon electricity supply or process 

improvements) hence the fuel CI declines as well. For some context, in British Columbia from 

2010 to 2018 the average weighted CI of ethanol decreased by 45%, of biodiesel by 83%, 

and of HDRD by 58% (B.C. Ministry of Energy, Mines, and Petroleum Resources, 2020). In 

comparison, the CIs of the modelled CFS fuels listed above decrease on average by about 

12% from 2020 to 2030. A caveat to this observation is that the CI reductions observed in 

British Columbia could be in part due to “fuel shuffling”, where renewable fuels with lower 

CIs are sold in the regulated jurisdictions, and fuels with higher CIs are sold in unregulated 

jurisdictions.  

Benchmarks for all low carbon fuels (𝐵𝑀𝐿𝐶) were set exogenously to 2016 values specified 

by the proposed CFS regulations (Environment and Climate Change Canada, 2019b). Figure 

4 below gives the benchmark and low carbon fuel CIs for 2025 and 2030. Note that these do 

not include CIs for end-use fuel switching—these are given instead in Table 4 below. 

Finally, credits were generated in the model by a third mechanism—liquid class fuel switching 

for transportation end-uses. Equation 7 gives the calculation for credit creation for “category 

3” credits for a given model year. 

 

                                              

9 For further information Navius Research (2019) gives a detailed explanation of how biofuel carbon 

intensitites were estimated. 
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Figure 4:  Low carbon fuel CIs. 
 

Equation 7: End-use fuel switching "category 3" credit creation 

𝐶𝑟𝑒𝑑𝑖𝑡𝑠 (tCO2e) =
∑ 𝐸𝐿𝐶 ∗ (𝐸𝐸𝑅𝐸𝑈,𝐿𝐶 ∗ (𝐵𝑀𝐸𝑈,𝐿𝐶 − 𝐶𝐼𝑅𝐿𝐶 ) −𝑛

𝐸𝑈=1 𝐶𝐼𝐿𝐶)

1,000,000
 

Where: 𝐸𝐿𝐶 is the energy supplied by the low carbon fuel LC in MJ; 𝐸𝐸𝑅𝐸𝑈,𝐿𝐶  is the energy 

efficiency ratio that accounts for the energy use differences between low carbon and the 

fossil fuel technologies by end-use and fuel (unitless); 𝐵𝑀𝐸𝑈,𝐿𝐶 is the credit benchmark CI for 

the replaced fossil fuel in gCO2e/MJ.; 𝐶𝐼𝐿𝐶 is the emissions intensity for the low carbon fuel 

LC in gCO2e/MJ; and 𝐶𝐼𝑅𝐿𝐶  is the CI reduction requirement for low carbon fuel LC in 

gCO2e/MJ. 

Energy efficiency ratios represent the differences in energy efficiencies between various fuels 

and vehicle powertrains. For example, an energy efficiency ratio of 4.1 means that an electric 

powertrain is on average 4.1 times as efficient at converting fuel energy into motive force as 

an internal combustion powertrain. Table 3 provides energy efficiency ratios (𝐸𝐸𝑅𝐸𝑈,𝐿𝐶) for 

electricity and hydrogen by end-use, which reflect those in the proposed CFS regulations. 



33 

Table 3: CFS energy efficiency ratios. 

End-use Electricity Hydrogen 

Light-duty vehicles 4.1 2 

Medium-duty diesel vehicles 5 1.9 
Medium-duty gasoline vehicles 4.1 2 
Heavy-duty diesel vehicles 5 1.9 

Buses 5 1.9 
Light rail  3.3 NA 

CIs for electricity were determined using outputs from a reference scenario that represented 

implemented policies. Table 4 provides input CIs for liquid class low carbon fuels. CIs for 

electricity were disaggregated by region to represent expected differences in generation 

technologies and fuel mixes to the year 2030. 

Table 4: Liquid class end-use fuel switching low carbon fuel CIs (𝐶𝐼𝐿𝐶). 

Low Carbon 

Fuel 

Region 2025 

(g/MJ) 

2030 

(g/MJ) 

Electricity British Columbia 
Alberta 
Saskatchewan 
Manitoba 
Ontario 
Quebec 
New Brunswick 
Prince Edward Island 
Nova Scotia 
Newfoundland and Labrador 
Territories 

0.9 
115.6 
186.3 
0.7 
20.7 
0.3 
60.8 
0.0 
112.6 
25.0 
90.7 

0.2 
85.5 
115.0 
0.7 
15.8 
0.28 
49.9 
0.0 
47.9 
29.5 
90.5 

Hydrogen All 68.0 68.0 

Natural Gas All 67.8 67.8 

Benchmark low carbon fuel CIs (𝐵𝑀𝐸𝑈,𝐿𝐶) for electricity and hydrogen, used to fuel electric 

and fuel cell vehicles, respectively, were based on the difference in CIs between the replaced 

forms of energy (see Table 5 below). For example, light-duty vehicles, and medium-duty 

gasoline vehicles had a “category 3” benchmark of 92gCO2e/MJ, reflecting the Canadian 

average CI for gasoline (Environment and Climate Change Canada, 2019b). 
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Table 5: Benchmark low carbon fuel end-use CIs. 

Low Carbon 
Fuel 

End-use  2025 
(g/MJ) 

2030 
(g/MJ) 

Electricity & 
Hydrogen 
(used in electric 
and fuel-cell 
vehicles) 

Light-duty vehicles, medium-
duty gasoline vehicles, heavy-
duty gasoline vehicles 
 
Medium-duty diesel vehicles, 
heavy-duty diesel vehicles, 
buses, light rail 

 92 
 
 
 
100 
 

92 
 
 
 
100 
 

Natural Gas  
(compressed & 
liquefied) 

Light-duty vehicles, medium-
duty diesel vehicles, medium-
duty gasoline vehicles, heavy-
duty diesel vehicles, heavy-
duty gasoline vehicles, buses 

 93.6 
 

93.7 
 

Hydrogen (used to 
directly displace 
liquid fuels) 

Other (includes locomotives & 
marine vessels) 

 93.6 
 

93.7 
 

 

2.3.3. Policy Overlap Scenarios 

Recall that this paper partly focused on the potential for interacting policies to create what I 

term “emissions reductions overlap”, defined as GHG reductions targeted by multiple policies 

implemented in the same jurisdiction at the same time. In exploring this concept, I developed 

a method of quantifying overlap by comparing the amount of GHG reductions achieved by the 

combination of multiple policies with the reductions achieved by the policies acting alone: 

Equation 8: Quantifying emissions reductions overlap between a reference policy mix and a proposed 
policy. 

𝑂𝑣𝑒𝑟𝑙𝑎𝑝 (%) = 
∑ 𝑅𝑟𝑒𝑓𝑖𝑖 , 𝑅𝑃 − 𝑅𝑟𝑒𝑓,𝑃 

𝑚𝑖𝑛 (𝑅𝑃,  𝑅𝑟𝑒𝑓)
 

Where: 𝑅𝑃 represents emissions reductions from proposed policy 𝑃; 𝑅𝑟𝑒𝑓𝑖  represents 

emissions reductions from the reference policy mix 𝑟𝑒𝑓 (𝑖 indexes individual policies); 𝑅𝑟𝑒𝑓,𝑃 

represents emissions reductions from proposed policy 𝑃 in combination with the policy mix 𝐿; 

and ∑ 𝑅𝑟𝑒𝑓𝑖𝑖 , 𝑅𝑃 represents emissions reductions from the “sum of parts” of all individual 

policies within the existing policy mix in addition to the proposed policy. 

For instance, assume that when implemented independently, the reference policy mix 𝑟𝑒𝑓 

achieves 6Mt of emissions reductions and proposed policy 𝑃 achieves 4Mt. Also assume that 
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when all policies are implemented together, they only achieve 8Mt of reductions (𝑅𝑟𝑒𝑓,𝑃). In 

this case, the overlap is 50%. In other words, the additional reductions achieved by adding 

policy 𝑃 to the reference policy mix are only half of what policy 𝑃 would achieve 

independently. Figure 5 lays out this example graphically. Using this simple method makes it 

possible to compare the level of emissions reductions overlap across different policy 

combinations.  

 

Figure 5:  Illustration of emissions reductions overlap. 

Past studies have used a diverse vocabulary when discussing the potential for policy 

interactions to impact GHG mitigation (e.g., Bhardwaj, Axsen, Kern, & McCollum, 2020; 

Lepitzki & Axsen, 2018). In this study, I define a proposed policy in reference to its policy mix 

as:  

 “Redundant” if it provides no additional emissions reductions;  

 “Overlapping” if it provides additional emissions reductions less than the sum of 

those expected from individual policies; or, 

 “Complementary” if it increases emissions reductions greater than the sum of those 

expected from individual policies.  

For instance, the policies illustrated in Figure 5 are “overlapping” because the blue bar, 

which represents the combination of policies, is less than the sum of parts (the green bar 

plus the grey bar) and greater than the reference policy reductions (the grey bar). Of course, 

this terminology is only helpful in evaluating the GHG abatement potential of climate policy 

mixes (thus, their “effectiveness”), and says nothing about other common evaluation criteria 

(e.g., cost-effectiveness, political acceptability).  

∑𝑅𝑟𝑒𝑓𝑖

𝑖

= 6Mt 𝑅𝑃= 4Mt 

𝑅𝑟𝑒𝑓,𝑃 = 8𝑀𝑡 
overlap 

𝑶𝒗𝒆𝒓𝒍𝒂𝒑 (%)

=  
−  
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I estimated the CFS’s overlap with six types of policies: carbon pricing, vehicle emissions 

standards, renewable fuel standards, renewable natural gas mandates, zero emissions 

vehicles mandates, and British Columbia’s low carbon fuel standard. Each overlapping policy 

mix needed four model runs to quantify policy overlap: (1) the overlap reference case alone; 

(2) the CFS added to the overlap reference case; (3) the overlapping policy mix added to the 

overlap reference case; and (4) the overlapping policies and the CFS added in combination 

to the reference case. 

Notably, I did not include zero emission vehicle purchase and lease incentives currently 

offered federally and in British Columbia and Quebec (Government of Canada, 2020; 

Government of B.C., 2020; Government of Quebec, 2020). These policies were omitted 

because I found, through preliminary model runs of policies in isolation, that they did not 

cause significant emissions reductions by 2030. 

The overlap reference case was created by removing all overlapping policies from the 

Planned+CFS scenario described in Section 2.3.1. Then, policy overlap was quantified using 

Equation 8. Table 6 below lists policies that were together switched on and off in each policy 

overlap sub-scenario. Below, I give brief summaries of what each type of policy does. Also, 

detailed descriptions of how individual policies were modelled are included in Table A4 in 

Appendix A. 

Table 6: Overlapping policies by sub-scenario. 

Sub-scenario Region Policy 

Carbon Pricing Canada  
 
Quebec 

Carbon Pricing Backstop Fuel Charge (Government of Canada, 
2020) 
Cap and Trade System for Greenhouse Gas Emissions 
Allowances 

Vehicle 
Emissions 
Standards 

Canada Regulations Amending the Passenger Automobile and Light Truck 
Greenhouse Gas Emission Regulations (SOR/2010-201) 
Regulations Amending the Heavy-duty Vehicle and Engine 
Greenhouse Gas Emission Regulations (SOR/2018-98) 

Renewable Fuel 
Standards 

Canada 
British Columbia 
Alberta 
Saskatchewan 
Manitoba 
 
Ontario 
 
 
Quebec 

Renewable Fuels Regulations (SOR/2010-189) 
Renewable Fuel Regulation (SBC 2008, c 16) 
Renewable Fuels Standard (Alta Reg 29/2010) 
Ethanol Fuel Regulations (RRS c E-11.1 Reg 1) 
The Biofuels Act (CCSM c B40) 
Strengthened Biofuels Act (Government of Manitoba, 2017) 
Greener Gasoline Regulation (O Reg 535/05) and Greener Diesel 
Regulation (O Reg 97/14) 
Strengthened Greener Gasoline Regulation 
Renewable Fuels Regulations 
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Sub-scenario Region Policy 

Renewable 
Natural Gas 

British Columbia 
Quebec 

Renewable Natural Gas Regulation (Government of B.C., 2019) 
Renewable Natural Gas Mandate (CQLR c R-6.01 r.4.3) 

Zero Emission 
Vehicles 

British Columbia 
Quebec 

Zero-Emission Vehicles Act (SBC 2019, c 29) 
ZEV Mandate (SQ 2016, c 23) 

Low Carbon 
Fuel Standard 

British Columbia Low Carbon Fuel Regulation (SBC 2008, c 16) 
Strengthened Low Carbon Fuel Regulation (Government of B.C., 
2019) 

I modelled carbon pricing policies by setting a charge on fossil fuels consumed by non-large 

emitters at $30/t CO2e in 2020 and $50/t CO2e in 2025 and 2030 (in nominal terms) for all 

provinces and territories except for British Columbia and Quebec. In British Columbia, I set 

the carbon price at 45$t CO2e in 2020 before aligning it with the federal price of $50/t CO2e 

in 2025 and thereafter. In Quebec, I included a cap and trade system for fuel distributors. 

Revenue raised by the policy was invested in low carbon technologies. The cap began at 

59Mt CO2e in 2020 and decreased to 46Mt CO2e by 2030. I set prices for allowances under 

the Western Climate Initiative at $16 in 2020, $29 in 2025, and $45 in 2030, with all 

allowances assumed to be received from the United States. 

Federal vehicle emissions standards require that new vehicles sold in Canada (included 

passenger, light-commercial, light trucks, and heavy-duty) meet declining GHG emissions 

intensity standards. To model these measures, I applied emissions intensity limits to the 

light-duty, medium-duty, and heavy-duty vehicle end-uses.  

Renewable fuel standards (termed “renewable fuel mandates” in some jurisdictions) specify 

a minimum percentage of blended renewable fuels for gasoline and diesel fuel sold in 

Canada. For example, the federal Renewable Fuels Regulations, which will roll into the CFS, 

require 5% for gasoline and 2% for diesel fuel sold in Canada (by volume) (SOR/2010-189). I 

placed varying minimum renewable fuel blending constraints on gasoline and diesel services 

within the model for each region listed above in Table 6. 

Similarly, RNG mandates specify a minimum percentage of RNG consumption within 

“conventional” natural gas supply. Quebec’s implemented RNG Mandate sets the minimum 

quantity of RNG distributed at 1% of total by 2020 and 5% of total by 2025 (CQLR c R-6.01 

r.4.3). British Columbia’s planned RNG Regulation will require that 15% of natural gas 

consumption be provided by RNG by 2030 (Government of B.C., 2019). I modelled these 

regulations by placing minimum renewable fuel blending constraints on natural gas services 

in British Columbia and Quebec.  
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Zero emissions vehicle mandates require minimum shares of light-duty vehicles sold in a 

region to be zero emissions or low emission. I modelled zero emissions vehicle mandates in 

British Columbia and Quebec by placing minimum market share constraints on the light-duty 

vehicle end-use. Finally, British Columbia’s implemented low carbon fuel standard (the 

province’s version of a CFS) requires a decrease in the average CI of transport fossil fuels of 

10% by 2020 relative to 2010 (SBC 2008, c 16), while the strengthened version of the policy 

requires a decrease of 20% by 2030 relative to 2010. In general, I modelled this policy in 

much the same way as I did for Canada’s CFS.  
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Chapter 3. Results and Discussion 

In this study, I aimed to explore the likely impacts of Canada’s proposed CFS while taking into 

account the potential for policy interactions. In my analysis, I compared model outputs of the 

four CFS stringencies with implemented and planned reference scenarios 

(Implemented+CFS, Planned+CFS, Planned+Stringent CFS, Planned+Modified CFS) in terms 

of national and sectoral emissions results, and technology and fuel outcomes. I examined 

CFS credit and deficit quantities and in doing so explored CFS system dynamics. Finally, I 

tested for the degree policy overlap. Recall that the Implemented reference scenario 

represented federal and provincial GHG measures that were implemented as of January 

2020, while the Planned reference scenario added planned GHG measures to those already 

implemented. I focused my analysis mostly on the year 2030. However, results for other 

model years can be found in Appendix B. 

I first compared my results with Environment and Climate Change Canada (ECCC) modelling 

results10. In particular, I used ECCC’s 2019 “With Measures” scenario from their Fourth 

Biennial Report to the UNFCCC to compare with the Planned reference scenario 

(Environment and Climate Change Canada, 2019a). It is important to note that all though 

they were close, the policies modelled in ECCC’s 2019 WM scenario did not align exactly with 

those represented in my Planned scenario. Most notably the WM scenario did not include 

Manitoba’s strengthened Biofuels Act, and Western Climate Initiative allowances purchased 

by Quebec to satisfy its emission targets. Both sets of results exclude the emission impacts 

of land use, land-use change, and forestry. 

The largest differences in GHG emissions between my Planned scenario and ECCC’s 2019 

“With Measures” scenario were in the oil and gas and electricity sectors. This was a function 

of how private co-generation in the oil sands was accounted for in each model; ECCC 

allocated emissions from oil sands cogeneration to the oil sands sector, while the version of 

gTech used for this paper allocated those emissions to electricity generation. So, the 

differences in one sector were offset by almost-equivalent differences in the other. The other 

major difference was in 2030 emissions from buildings, which reflected the inclusion of 

                                              

10 Because the results are quite close, I only report them in Appendix A—Table A6. 



40 

2030 net-zero energy ready building codes in the Planned scenario, but not in the WM 

scenario, among other minor policy differences. 

3.1. National Results 

The CFS as proposed did not achieve close to 30Mt of additional GHG reductions by 2030 

relative to either reference scenario (see Figure 6). Adding the CFS to already planned and 

implemented policies (Planned+CFS) caused an additional 6.8Mt of GHG emissions 

reductions by 2030, while adding the CFS just to implemented policies (Implemented+CFS) 

caused an additional 16.2Mt of reductions by 2030. The CFS in the Planned+Stringent CFS 

scenario required CI reductions of 16.5 gCO2e/MJ in the liquid class and 2.1 gCO2e/MJ in the 

gaseous class in order to achieve 29.2Mt of additional reductions by 2030. Finally, the CFS 

in the Planned+Modified CFS scenario, which removed all upstream credit generation in 

addition to credit and deficit generation in British Columbia, achieved 19.3Mt of additional 

reductions by 2030.  

 

Figure 6:  National GHG emissions (left-hand panel) and additional emissions reductions (right-
hand panel), by scenario. 
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3.1.1. Credits and Deficit Quantities 

CFS credits and deficit creation quantities were similar in some regards and different in 

others across the four CFS scenarios (see Figure 7). The different colors in Figure 7 represent 

credit and deficit quantities by fuel type. Credits are represented by positive values, and 

deficits are represented by negative values.

 

Figure 7:  CFS credit and deficit quantities, by scenario.  

Using the bottom row as an example (and scanning from left to right), Figure 7 shows that for 

the Planned+CFS scenario, about half of the deficits (the negative values) were generated by 

natural gas and gasoline consumption (dark blue and grey). The other half were generated by 

diesel fuel consumption (brown). Moving to the credits (the positive values), Figure 7 shows 

that just over 10Mt worth of credits were generated by liquid low carbon fuels (light blue), 

another 10Mt by fuel switching to electricity (orange), and about 6Mt from gaseous low 

carbon fuels (navy blue). Still scanning from left to right, the remainder of the credits were 

generated by a combination of upstream credits (grey), natural gas fuel switching (yellow), 

and hydrogen fuel switching (light green). Note that natural gas generated credits if used for 

end-use fuel switching in transportation, but generated deficits if consumed by other end-

uses (e.g., heat production). 

In general, total deficit quantities varied by scenario, but the proportions of deficit generation 

by fuel type were similar. Credit generation came from a variety of sources. However, in 

general, the majority of credits were supplied by liquid low carbon fuels, gaseous low carbon 
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fuels, and electricity. This said, there was still significant credit generation from hydrogen and 

natural gas fuel switching in transportation, in addition to upstream credit generation. This 

result had major implications for the GHG abatement potential of the versions of a CFS 

modelled in this study (discussed below). 

Across the four CFS scenarios, diesel fuel generated about 40% of deficits, gasoline about 

30%, natural gas about 25%, and the remainder (about 5%) coming from fuel oil and credit 

transfers. In the 2030 model year for the Implemented+CFS and Planned+CFS scenarios, 

about 15Mt of deficits were generated from diesel consumption, about 10Mt from gasoline 

consumption, about 7Mt from natural gas consumption, and about 0.5Mt from fuel oil 

consumption, totalling about 33Mt of system-wide deficits. Liquids class deficit generation 

for the Implemented+CFS and Planned+CFS scenarios—a function of the 10g/MJ CI 

reduction requirement and 2030 fossil fuel consumption—slightly over-complied with ECCC’s 

23Mt requirement. In the Planned+Stringent CFS scenario, 48Mt worth of deficits were 

created to achieve about 30Mt of additional 2030 reductions. In the Planned+Modified CFS 

scenario, deficit generation decreased to 29Mt, reflecting the removal of British Columbia’s 

fossil fuel consumption from the CFS. Recall that the Planned+Modified CFS scenario 

removed CFS credit and deficit generation from British Columbia, so that the CFS acts as a 

“backstop” federal policy, much like carbon pricing. 

Moving to credit creation, adding the CFS to implemented policies (Implemented+CFS) 

generated 11.2Mt worth of credits from liquid low carbon fuels (e.g., biodiesel), while adding 

the CFS to implemented and planned policies (Planned+CFS) generated about 10.3Mt of 

credits. In addition, the Planned+CFS scenario generated about 10.3Mt of electricity credits, 

6.4Mt of credits from gaseous renewable fuels (which included RNG and minor hydrogen 

pipeline blending), 2.3Mt from end-use fuel switching to natural gas, 1.4Mt from end-use fuel 

switching to hydrogen, and about 1.5Mt worth of upstream reductions. In the 

Implemented+CFS scenario, there were similar credit quantities for electricity, natural gas 

and hydrogen, but differences in credit quantities from upstream reductions and gaseous 

renewable fuels. Upstream reductions generated 4.7Mt of credits, while gaseous renewable 

fuels generated 2.1Mt of credits. 

In the Planned+Stringent CFS scenario, 23.3Mt of credits were generated from liquid low 

carbon fuels, significantly more than in the other CFS scenarios. 10.5Mt of credits were 

generated from end-use fuel switching to electricity, 6.9 from gaseous renewable fuels, 

1.3Mt from natural gas, 1.3 from hydrogen, and 4.0Mt from upstream reductions. Finally, in 
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the Planned+Modified CFS scenario 10.6Mt of credits were generated from liquid low carbon 

fuels, 5.3 from gaseous low carbon fuels, 8.5Mt from electricity, 2.1 from natural gas, and 

1.3Mt from hydrogen.  

There was a marked difference in upstream credit generation comparing between the 

Implemented+CFS (4.6Mt), Planned+CFS (1.5Mt), and Planned+Stringent CFS (4.0Mt) 

scenarios (upstream credit creation was not allowed in the Planned+Modified CFS scenario 

by design). This difference was driven primarily by an increase in natural gas consumption 

relative to reference levels in the Implemented+CFS and Planned+Stringent CFS scenarios, 

but not in the Planned+CFS scenario. The increase in natural gas consumption was driven by 

increased demand from biofuel production processes and biofuel feedstock sectors, which in 

turn increased in order to produce more biofuels for CFS compliance. In other words, there 

was a feedback effect between biofuels blending for end-use fuel consumption and 

upstream credit creation in biofuel production. 

Next, the “direction” of credit transfers between the liquid and gaseous credit systems varied 

by scenario11. Adding the CFS to planned and implemented polices (Planned+CFS) scenario 

resulted in a net transfer of credits from the gaseous class to the liquid class, meaning that 

the gaseous credit system was more stringent than the liquid credit system. However, in the 

Implemented+CFS, Planned+Stringent CFS, and Planned+Modified CFS scenarios there was 

a net transfer of credits in the opposite direction (i.e., liquid to gaseous). This result was 

explained by the relationship between: (i) the overall stringency of the CFS; and (ii) whether 

or not British Columbia’s RNG mandate was included in the scenario’s reference case. For 

example, the CFS in the Planned+CFS scenario was less stringent (relative to its reference 

case) than in the other three scenarios, and also included British Columbia’s RNG mandate. 

Therefore, in the Planned+CFS scenario abundant gaseous class credits were supplied to the 

credit system and transferred for liquids class compliance. 

Finally, compliance fund credits were generated only in the Planned+Modified CFS scenario. 

However, the quantity of compliance fund credits was small (about 0.7Mt), meaning that the 

stringency of the system was not significantly compromised. This result also indicated that 

the compliance fund price was non-binding in the other CFS scenarios (Implemented+CFS, 

Planned+CFS, Planned+Stringent CFS). In other words, the credit market trading prices 

                                              

11 Recall that the CFS will allow 10% of a regulated party’s liquid class compliance to be satisfied using 

gaseous class credits, or vice versa. 
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(taken as the marginal abatement cost of the policy) were less than the compliance fund 

price, which was set at $225/tCO2e in 2015 dollars.  

3.1.2. Additional vs. “Free” Credits 

The effect of the CFS modelled in this study was compromised because “free” credits were 

generated by activities that would have happened anyway. For example, credits were 

generated in all CFS scenarios by electric vehicle charging, regardless of whether or not the 

CFS “caused” vehicle charging. Figure 8 illustrates this point by comparing quantities of free 

credits to additional credits for major credit creation activities, by scenario12.  

 

Figure 8:  Additional 2030 credits for CFS scenarios. 
Stacked bars correspond to the left axis. Red dots correspond to the right axis.  

Using the Planned+CFS scenario as an example, the stacked bar the furthest left in Figure 8 

(read on the left hand axis) shows that about 8Mt of credits generated by fuel switching to 

electricity were “free” (beige), and about 2Mt were additional (green). The red dot, which 

corresponds to the right-hand axis, show that about 20% of the credits generated by 

                                              

12 I calculated additional and free credit quantities through an accounting exercise that tall ied credit 

generating activities (e.g., electric vehicle charging) in the CFS scenarios and in their reference 
scenarios. 
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electricity in the Planned+CFS scenario were additional. The remaining stacked bars provide 

the same information for: fuel switching to hydrogen; fuel switching to natural gas; RNG 

blending; and biofuels blending. 

Setting aside upstream reductions for a moment, additional credits accounted for only 15% 

of the total in the Planned+CFS scenario, 41% in the Implemented+CFS scenario, and 46% 

in both the Planned+Stringent CFS and Planned+Modified CFS scenarios. There were two 

major differences between the four CFS scenarios in terms of free credit creation quantities 

in 2030: RNG, and biofuels.  

First, British Columbia’s RNG mandate—included in the Planned+CFS and Planned+Stringent 

CFS scenarios but not in the Implemented+CFS and Planned+Modified CFS scenarios—

resulted in substantial free credit generation from RNG consumption13. For example, in the 

Planned+CFS scenario, 6.1Mt out of a total 6.4Mt worth of credits were free (i.e., only 5% of 

the RNG credits were “caused” by the addition of the CFS). On the other hand, the majority of 

RNG credits in the Implemented+CFS and Planned+Modified CFS scenarios were additional. 

For example, in the Planned+Modified CFS scenario, 4.5Mt out of a total 5.3Mt worth of 

credits were additional. 

Second, the inclusion or exclusion of provincial biofuel blending mandates created 

differences in the quantities of free biofuels credits—credits generated from biofuels 

consumption that would happen anyway without the CFS. Substantial free biofuels credits 

were created in all four CFS scenarios, albeit at varying quantities. The Planned+CFS and 

Planned+Stringent CFS scenarios, which contained strengthened biofuels measures in their 

reference cases, each created about 8.0Mt worth of free biofuels credits14. The 

Implemented+CFS scenario, which included only implemented biofuels policies, created 

4.2Mt of free biofuels credits. The Planned+Modified CFS scenario, which removed CFS 

credit generation from British Columbia, created about 5.0Mt of free biofuels credits.  

Moving past RNG and biofuels, about four fifths of total credits created by electricity, 

hydrogen, and natural gas through end-use fuel switching in transportation were free for all 

                                              

13 Note that Quebec’s RNG mandate was included in all CFS scenarios, which contributed to the 

generation of free RNG credits, but to a lesser extent. 

14 Recall that the strengthened provincial biofuels measures in the Planned reference scenario were: 
British Columbia’s Strengthened Low Carbon Fuel Regulation; Manitoba’s Biofuels Act, Ontario’s 

Strengthened Greener Gasoline Regulation, and Quebec’s Renewable Fuels Regulations (see Table A4 
in Appendix A).  
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four CFS scenarios15. And as noted above, the quantities of total credits created by these 

three fuels were substantial16. All reference scenarios in this study included zero emission 

vehicle mandates in both British Columbia and Quebec, among other alternative vehicle and 

alternative fuel measures. “Layering” the CFS on top of these two policies alone created 

significant free credit generation through the adoption of vehicles that used electricity, 

hydrogen, and natural gas for fuel. This result emphasized the importance of carefully 

considering the implications of credit generation by end-use fuel switching in the design of a 

CFS. 

The credit quantities results suggest that the effectiveness of a CFS at reducing GHGs (or any 

performance-based credit trading system) depends not only on the percentage of free credit 

generation, but also the quantity of free credits, because together they determine the 

stringency of the entire system. Simply put, the system will cause less GHG reductions if 

many free credits are created than if few free credits are created.  This dynamic can be seen 

in Figure 8 above. For example, few free credits are generated in the gaseous credit system 

in the Planned+Modified CFS scenario, leading to substantial generation of additional RNG 

credits (4.5Mt) in order to satisfy the gaseous class CI reduction requirement. 

In “zero-sum” credit trading systems like the one modelled here, each free credit displaces a 

credit that could have caused additional GHG reductions. This means that the stringency of 

the policy is not just a function of how many deficits are created, but also depends on how 

(and how many) credits are created. 

3.2. Sectoral Results 

Although total GHG emissions reductions varied across the four CFS scenarios, there were 

common trends in sectoral results17. In each scenario the majority of 2030 emissions 

reductions were realized in resources, services, and transportation sectors, with minor 

contributions from manufacturing, households, and construction (see Figure 9). Looking at 

the transportation sector for example, adding the CFS to planned and implemented policies 

                                              

15 Of total credits from electricity, 20% were additional in the Implemented+CFS scenario, 19% in the 

“Planned+CFS scenario, and 24% in both the Planned+Stringent CFS and Planned+Modified CFS 
scenarios. 

16 The Implemented+CFS and “Planned+CFS scenarios” each created about 14Mt of alternative fuel 
credits, the Planned+Stringent CFS scenario 12.7Mt, and the Planned+Modified CFS about 11.9Mt. 

17 See Figures B5-B6 in Appendix B for disaggregated sectoral GHG emissions. 
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(the Planned+CFS scenario shown in green) caused an additional 2.2Mt of GHG emissions 

reductions, while adding the CFS to implemented policies (the Implemented+CFS scenario 

shown in blue) caused an additional 6Mt of reductions. The Planned+Stringent CFS scenario 

(grey), which increased the stringency of the CFS to achieve 30Mt of reductions by 2030, 

caused 13.5Mt of additional reductions in the transportation sector. Finally, the 

Planned+Modified CFS (yellow) scenario, which removed upstream credit generation and 

deficit and credit generation from British Columbia, caused just over 5Mt of additional 

transportation emissions reductions. 

 

Figure 9:  2030 Net GHG emissions by sector. 

By and large, the proportion of emissions reductions from particular end-uses or activities 

(e.g., heavy-duty vehicles) within sectors was constant across the four CFS scenarios, 

allowing for the generalizations given below. 

Interestingly, net emissions from utilities increased slightly in the Implemented+CFS, 

Planned+CFS, and Planned+Modified scenarios, even as the CI of utilities decreased. This 

was attributable to an increase in fossil fuel electricity generation driven in turn by a net 

increase in electricity demand (mostly from Alberta’s natural gas sector). This “new” 

electricity demand was supplied primarily by natural gas fired baseload generation (coal was 

phased out in the model by 2030, consistent with Canada’s coal phase-out policy), creating a 

feedback effect. In the Planned+Modified CFS scenario, RNG’s fuel share within natural gas–
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fired electricity generation increased significantly (to about 4%), but not in the other three 

CFS scenarios. This happened because the Planned+Modified CFS scenario did not allow 

credit generation from British Columbia, which significantly reduced the amount of “free” 

gaseous class credits, and required additional RNG consumption for compliance.  

In the transportation sector, most of the reductions came from long distance trucking, with 

minor reductions from freight transport by rail. Reductions in trucking resulted primarily from 

an increase in electricity, hydrogen, biodiesel, and HDRD consumption, while reductions in 

freight transport by rail came primarily from an increase in HDRD.  

Similarly, about half of GHG reductions in the services sector came from fuel switching to 

electricity, biodiesel, and HDRD by heavy-duty and medium-duty vehicles. The remaining 

reductions came mostly from an increase in landfill production of RNG (as opposed to 

venting or flaring), which supplied CFS credits in the model. Additionally, the 

Planned+Modified CFS scenario saw an increase relative to the other scenarios in RNG 

consumption to supply commercial space and water heating. Notably, there were very few 

reductions from light-duty vehicles, even in the Planned+Stringent CFS scenario (a point 

expanded upon in Section 3.3).  

In the resources sector, about half of the GHG reductions came from natural gas production. 

About three quarters of these reductions were attributable to fuel switching from natural gas-

fired to electric drive compressor stations. The remaining reductions came from increased 

carbon capture and storage. This result was dictated by the modelling assumption that both 

compression and carbon capture and storage generated upstream CFS credits. The 

remaining reductions from the resources sector were from different sources. Of note, there 

were reductions in mining and agriculture through heavy-duty vehicle fuel switching, and 

minor upstream reductions in oil sands mining and upgrading, as well as conventional crude 

oil production. 

The sources of GHG reductions from manufacturing and construction sectors were varied, 

but generally came from fuel switching in heavy-duty and medium-duty vehicles. In the 

Implemented+CFS, Planned+CFS and Planned+Stringent CFS scenarios, household 

reductions were minor, coming mostly from a small increase in RNG consumption for space 

heating. However, reductions in the Planned+Modified CFS scenario households and 

manufacturing were greater compared to the other scenarios because there was significantly 
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more end-use RNG consumption (mostly for space and water heating, and industrial heat 

production, respectively). 

3.3. Technology and Fuels 

3.3.1. End-Use GHG Reductions 

The majority of reductions in the CFS scenarios came from a limited number of end-uses. 

Heavy-duty vehicles, medium-duty vehicles, rail freight, buses, industrial heat production, 

natural gas compression stations, formation CO2 leaks, and landfills, were all sources of 

substantial GHG reductions. 

Figure 10 summarizes end-use GHG reductions in 2030. Taking heavy-duty vehicles as an 

example, Figure 10 shows that adding the CFS to planned and implemented policies caused 

about 2.5Mt of additional reductions by 2030 (Planned+CFS scenario shown in green), while 

adding the CFS to implemented policies caused about 7Mt of reductions (Implemented+CFS 

shown in blue). The Planned+Stringent CFS scenario (grey), which increased the stringency 

of the CFS to achieve 30Mt of reductions by 2030, caused 15Mt of heavy-duty vehicle 

reductions. Finally, the Planned+Modified CFS scenario (yellow), which removed upstream 

credit generation and deficit and credit generation from British Columbia, caused just over 

5Mt of heavy-duty vehicle emissions reductions. 

 

Figure 10:  Major 2030 GHG reductions by end-use. 
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Although heavy-duty vehicles, medium-duty diesel vehicles, and buses achieved different 

levels of GHG emissions reductions across the CFS scenarios, they achieved their reductions 

in similar ways. First, the CFS caused only slight (less than 3%) increases in the market 

shares of alternative fuel technologies (e.g., battery electric or fuel cell vehicles) by 2030, 

with similar decreases in diesel engines. Second, there were increases in biodiesel and 

HDRD fuel shares within the diesel pool. In the Planned+Stringent CFS scenario in particular, 

compliance was achieved through substantial HDRD production, without a similar increase in 

biodiesel or ethanol. This dynamic is explained by fuel blending constraints in the model, 

which assumed that biodiesel-using trucks would not be acquired in Canada by 2030 (unlike 

some jurisdictions), and therefor set maximum fuel shares to match the maximum technical 

ability to blend conventional biodiesel into fossil fuel diesel. HDRD does not have this 

constraint, and was modelled as a “drop-in-fuel”. 

Light-duty vehicles, in contrast, did not see substantial emissions reductions in any of the 

CFS scenarios (e.g., 0.2Mt of additional GHG reductions in the Planned+Stringent CFS 

scenario). Market shares of alternative fuel vehicles did increase in the CFS scenarios, but 

only slightly (see Table 7). Overall, changes in fuel shares after adding the CFS for gasoline, 

ethanol, and electricity were negligible relative to the reference scenarios. The reason is that 

the model assumes a likely rate of transition to alternative fuel vehicles based on other 

policies, such as zero-emission vehicle mandates, and alternative fuel vehicle technology 

parameters (e.g., the anticipated costs of electric motors). The CFS does not accelerate this 

trend. For it to do so, and to have a higher additionality in total, the CFS must be more 

stringent.  

Table 7: Light-duty vehicle 2030 total stock market shares and fuel shares. 

Market 
Shares (%) 

I mplemented P lanned I mplemented + 
CFS  

P lanned +  
CFS  

P lanned +  
S tringent CFS  

P lanned +  
Modified CFS  

Battery 
electric 

2.1 2.0 2.1 2.1 2.1 2.1 

Internal 
combustion 

78.6 78.5 78.6 78.5 78.5 78.5 

Hybrid 18.2 18.3 18.1 18.1 18.1 18.1 
Plug-in 
hybrid 

1.1 1.1 1.3 1.3 1.3 1.3 

Fuel Shares 
(%) 

      

Gasoline 95.3 92.4 95.3 92.3 92.3 92.3 

Ethanol 3.9 6.8 3.9 6.8 6.8 6.8 

Electricity 0.8 0.8 0.9 0.9 0.9 0.9 
Hydrogen fuel cell light-duty vehicle market shares were negligible in all scenarios and are omitted here. 



51 

Pipeline compression and formation CO2 capture were both allowed to generate upstream 

credits, except for in the Planned+Modified CFS scenario. This resulted in aggregate 

upstream reductions of about 4Mt in the Implemented+CFS scenario, 1Mt in the 

Planned+CFS scenario, and 3.5Mt in the Planned+Stringent CFS scenario. In compression, 

reductions were achieved through fuel switching from natural gas to electricity, while 

formation CO2 achieved reductions through increased use of carbon capture and storage.  

Industrial heat production achieved reductions primarily through RNG blending into the 

“conventional” natural gas used for combustion. Note that emissions reductions were 

greatest in the Planned+Modified CFS scenario, where there were higher levels of RNG 

uptake in the absence of British Columbia’s credit-creating RNG mandate. Finally, landfills 

achieved their emissions reductions by capturing “waste” methane for RNG production. 

3.3.2. Fossil Fuel CIs 

Fossil fuel CI reductions varied by fuel, and across scenarios. In general, diesel fuel CI 

decreased much more than that of gasoline or natural gas.  In the model, the CI of the diesel 

“pool” could decrease through biofuels blending, and by a decrease in the CI of biofuels 

production. Notably, the CI for the diesel pool was higher in the Implemented+CFS scenario 

than in the Planned+CFS scenario (see Figure 11). Again, this result was a function of the 

relative stringencies of the two scenarios. In the Implemented+CFS scenario, there were less 

free credits created within the system, meaning that higher quantities of biodiesel and HDRD 

were blended into the “conventional” diesel fuel stream for CFS compliance. The 

Planned+Modified CFS and Planned+Stringent CFS scenarios saw further reductions in 

diesel fuel CI, again reflecting the influence of reference policies and overall liquid class 

credit system stringency. 

Interestingly, adding the CFS to both reference scenarios resulted in little additional 

consumption of blended ethanol, which lead to negligible changes in gasoline CI. This result 

reflected a number of interacting model dynamics including: relative costs of alternative 

abatement options within the CFS; how ethanol trade with the United States was represented 

in the model; biofuel blending constraints; and existing ethanol blending mandates in 

Canadian provinces and federally in the United States. Most importantly, it should be 

highlighted that corn ethanol and wheat ethanol had high CIs relative to their benchmark CI 

compared to the same values used for biodiesel, HDRD, and RNG (see Figure 4). For 
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example, every liter of blended corn ethanol was worth less to the liquid credit system than a 

liter of blended canola biodiesel due to their different CIs. Additionally, while cellulosic 

ethanol and RDG had lower CIs than corn ethanol and wheat ethanol, they also had high 

production costs relative to other low carbon fuels18. 

 

Figure 11:  Fossil fuel CIs. 

The CI of natural gas ranged from between 61.8 and 60.0 gCO2e/MJ by 2030. The largest CI 

reduction was achieved in the Planned+Modified CFS scenario, in which substantial 

quantities of RNG were produced to satisfy gaseous class constraints. The main difference 

behind this result was that the Planned+Modified CFS scenario included British Columbia’s 

RNG mandate in the model, but excluded it from the CFS, thereby avoiding the creation of 

large quantities of free RNG credits. 

3.4. GHG Emissions Overlap 

GHG emissions overlap between the CFS and the six sub-scenarios ranged from 8% to 94%, 

indicating that the CFS, to some extent, caused the same emissions reductions as each of 

the six policy mixes. In other words, none of the six reference policy mixes were “redundant” 

or “complementary” to the CFS. I also estimated absolute GHG emissions reductions for the 

policy mixes acting alone and in combination with the CFS. Table 8 below provides a 

summary of results from the overlap scenarios for 2030, and Figure 12 shows the same 

information graphically. My analysis accounted for policies specific to regions. For example, 

                                              

18 For reference, see Table A5 in Appendix A. 
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CFS overlap and absolute emissions reductions for the Zero Emissions Vehicles sub-scenario 

are based on results for Quebec and British Columbia only, not aggregate national results. 

Table 8: 2030 GHG emissions overlap results. 

 Carbon 

Pr icing 

Vehicle 

Emissions 

Standards 

Renewable 

Fuel 

Standards 

Renewable 

Natural 

Gas  

Zero 

Emissions 

Vehicles 

Low 

Carbon 

Fuel 
Standard 

CFS 
Overlap 

8% 38% 89% 42% 78% 27% 

R𝑟𝑒𝑓,CFS   55.7 31.2 29.4 17.0 12.5 7.3 

R𝑟𝑒𝑓  29.6 4.6 9.9 8.5 2.2 5.3 

RCFS 28.3 28.3 28.3 12.0 12.0 7.3 

Absolute GHG emissions reductions (bottom three rows) are given in Mt CO2e, and aggregated by regulated region. 
R𝑟𝑒𝑓,CFS represents reductions from the reference policy mix and the CFS in combination.  R𝑟𝑒𝑓 represents reductions 

from the reference policy mix alone. RCFS represents reductions from the CFS alone. 

 

Figure 12:  Illustration of emission reductions for the overlap scenarios. 
R𝑟𝑒𝑓,CFS represents reductions from the reference policy mix and the CFS in combination.  R𝑟𝑒𝑓  represents 

reductions from the reference policy mix alone. RCFS  represents reductions from the CFS alone. 

The results showed that the CFS only slightly overlapped with the carbon pricing policy mix—

8% of national emissions reductions caused by the CFS alone overlapped when added to 

carbon pricing. This result suggests that carbon pricing as currently scheduled in Canada will 

not cause many of the same emissions reducing actions as the CFS by 2030. Here, it is 

important to note that the result of carbon pricing having little overlap with the CFS was a 
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function of the carbon price itself. The modelled carbon price was not high enough to 

incentivize substantial emission reductions from the fuels regulated by the CFS. However, if a 

high enough carbon price were implemented, it would in theory overlap completely with the 

CFS, assuming it was applied to lifecycle emissions and not just combustion emissions. 

In order to interpret Figure 12, compare the length of the stacked grey and green bars with 

the blue bars. If they are almost the same size, then the CFS has little overlap. If the blue bar 

is much smaller than the stacked grey and green bars, then the CFS has substantial overlap 

(likely leading to negligible incremental emissions reductions). 

About two fifths of emissions reductions caused by the federal vehicle emissions standards 

were also caused by the CFS. Both sets of regulations incentivized efficiency improvements 

for internal combustion and diesel engines, as well as some uptake of alternative fuels and 

vehicles. 

About 90% of emissions reductions caused by federal and provincial renewable fuel 

standards overlapped with the CFS in 2030. Both the CFS and the Renewable Fuels 

Standards policy mix decreased the CIs of transportation fuels (mostly diesel and gasoline) in 

order to achieve reductions. When modelled in combination, the CFS only achieved 

emissions reductions through biofuels blending in jurisdictions where the renewable fuel 

standards were relatively less stringent. 

In the Renewable Natural Gas sub-scenario, 42% of emissions reductions caused by the 

RNG mandates in Quebec and British Columbia overlapped with the CFS in 2030. Most of 

the additional reductions caused by the CFS occurred in Quebec, where the RNG mandate 

was less stringent than in British Columbia. Similarly, in the Zero Emission Vehicles scenario, 

78% of emissions reductions caused by the zero emission vehicle mandates in Quebec and 

British Columbia overlapped with the CFS by 2030. Again, Quebec’s zero emission vehicles 

mandate was less stringent than British Columbia’s, such that most of the additional CFS 

reductions were achieved in Quebec.  

Finally, only 27% of emissions reductions caused by the CFS overlapped with British 

Columbia’s Low Carbon Fuel Standard (LCFS) in 2030. In this case, the additional CFS 

reductions came almost entirely through gaseous fuel CI reductions and to a lesser extent 

through upstream reductions. This intuitively made sense, as British Columbia’s LCFS was 

relatively more stringent than the CFS in terms of decreasing the CIs of liquid fuels, but not 
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for upstream process improvements and the CIs of gaseous fuels. Furthermore, the CFS 

modelled in combination with British Columbia’s LCFS in the Low Carbon Fuel Standard sub-

scenario did not generate many free credits because other federal and provincial policies 

that would have generated free CFS credits were not included (e.g., provincial renewable fuel 

mandates). 

In general, the level and nature of emissions overlap depended on the policies in question, 

and their relative stringencies. However, there were insights that could be generalized across 

the analysis and applied to policy design. First, policies that targeted the same sources of 

emissions were likely to overlap with each other. For example, both the CFS and the 

renewable fuel mandates reduced emissions through the uptake of biofuels, meaning that a 

high level of overlap was expected. 

Second, if policies targeted many sources of emissions, or at different stringencies, the level 

of GHG reduction overlap varied. This result suggests that understanding the likelihood of 

overlap requires policy modelling on a case-by-case basis. For instance, estimating the level 

of overlap between federal vehicle emissions standards and the CFS before modelling it was 

difficult. The former required declining fleet average GHGs emissions per kilometer, while the 

latter aimed to decarbonize fuels. But, increasing the efficiency of an engine d id little to 

reduce emissions if the burned fuel contained little carbon. At the same time, improving the 

efficiency of engines could decrease aggregate demand for both gasoline and blended 

biofuels. Furthermore, both policies achieved compliance in the model through the uptake of 

alternative fuel vehicles. Simulating the interaction between policies set at specific 

stringencies was necessary to estimate just how much overlap there might be. 
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Chapter 4. Conclusion 

4.1. Summary of Findings 

The objectives of this study were to assess the likely effect of Canada’s CFS on GHG 

emissions and to contribute to a better understanding of climate policy interactions as they 

relate to Canada’s CFS. I modelled the CFS as proposed for liquids and gaseous fuels, which 

are expected to contribute the vast majority of the CFS’s emissions reductions, using a 

version of the gTech energy-economy model.  

According to my simulations, the CFS as proposed would not cause close to 30Mt of GHG 

emissions reductions by 2030, the primary objective of the policy. I found that the CFS would 

cause about 7Mt of GHG emissions reductions by 2030 when added to planned and 

implemented federal and provincial policies. I also found that the CFS would cause about 

16Mt of additional emissions reductions by 2030 when added to implemented policies.  

If the CFS were to cause close to 30Mt of emissions reductions by 2030 alongside planned 

and implemented policies, I found that the CI reduction requirement would need to increase 

to about 16.5 gCO2e/MJ in the liquids class and 2.1 gCO2e/MJ in the gaseous class. If British 

Columbia were excluded from the CFS along with all project-based (or “upstream”) credit 

generation, I found that the policy would cause about 21Mt of reductions by 2030. 

Importantly, the efficacies of the CFS modelled in this study were compromised because 

“free” credits were generated by activities that would have happened anyway. Th is result 

suggests that the effectiveness of a CFS (or any performance-based credit trading system) at 

reducing GHGs depends not only on the percentage of free credit generation, but also the 

quantity of free credits, because together they determine the stringency of the system.  

CFS credit and deficit quantities were varied across different scenarios. However, in general, 

the majority of credits were supplied by liquid low carbon fuels, gaseous low carbon fuels, 

and electricity. With this being said, there was still significant credit generation from 

hydrogen and natural gas fuel switching in transportation, in addition to upstream credit 

generation. 

On the whole, substantial quantities of credits were generated from “alternative fuels”, but 

again, most of these credits were free. Credit generation quantities from alternative fuels 



57 

were sensitive to the federal and provincial policies in place, and to the assumptions made 

about alternative fuels and technologies. 

I found that although total GHG emissions reductions varied across CFS scenarios, the 

majority of reductions happened in the resources, services, and transportation sectors, with 

minor contributions from manufacturing, households, and construction. Similarly, the 

majority of reductions came from a limited number of end-uses. Heavy-duty vehicles, 

medium-duty vehicles, rail freight, buses, industrial heat production, natural gas compression 

stations, formation CO2 leaks, and landfills all significantly contributed to additional GHG 

reductions. 

In general, fossil fuel CI reduction results highlighted again the influence of reference policies 

on the CFS’s stringency. Fossil fuel CI reductions varied by fuel, and across scenarios. Diesel 

fuel CIs decreased much more than those of gasoline or natural gas, and were achieved by 

blending substantial quantities of biodiesel and HDRD. Adding the CFS to both reference 

scenarios resulted in little additional consumption of blended ethanol, which led to negligible 

changes in gasoline CI. The largest natural gas CI reduction was achieved by excluding British 

Columbia’s planned RNG from the CFS, and thereby satisfying gaseous class constraints by 

producing substantial quantities of additional RNG credits. 

In addition to evaluating the CFS’s GHG abatement potential, I explored the importance of 

policy interaction by developing a method that quantified GHG emissions reductions 

“overlap” between the CFS and other types of federal and provincial policies. In this study, I 

defined “overlap” as GHG reductions caused by multiple policies implemented in the same 

jurisdiction at the same time. Overlap can become a threat to meeting emissions reductions 

targets, or estimating the cost-effectiveness of policies, when additional reductions are 

attributed to a policy that may not in fact cause any. 

Policies that targeted the same sources of emissions were likely to overlap with each other. If 

policies targeted many sources of emissions, or at different stringencies, the level of GHG 

reduction overlap varied. This result suggests that understanding the likelihood of overlap 

requires policy modelling on a case-by-case basis. In particular, the iterative modelling 

approach taken here is necessary because it allows policy makers and analysts to 

understand both the incremental and combinatory effects of different types of climate 

policies. 
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Many climate policies “overlap” and will continue to do so. The problem with the CFS is that it 

assigns value to this overlap by creating emissions reductions credits for actions that are not 

caused by it. In effect, this decreases the policy’s GHG abatement potential.  

4.2. Limitations and Future Research 

This study had several limitations. Here I discuss those limitations that are likely the most 

important for future researchers to consider:  

1. I did not attempt to model or even discuss the potential for solid fuel CI 

reductions. The solid fuels class was left out the study mostly because of a lack 

of information, and also because GHG reductions (the focus of my analysis) from 

the solids class are likely to be minor relative to liquid and gaseous fuels—about 

5% of total reductions (Environment and Climate Change Canada, 2019b). 

However, this does not mean that the solids class should be omitted again from 

future work. Once the solid fuels regulations are made available, the model used 

in this study could be modified to include them. 

2. CFS credits in the model were created and accounted for by fuel type, end-use, 

sector, and region (i.e., at the point of combustion). But, in reality, the regulated 

parties who incur deficits or generate credits will mostly be fuel producers or 

importers. Modelling the CFS in this way did not allow for an accurate 

representation of sectoral credit and deficit creation, especially considering the 

prevalence of the trading of fuels between regions in the model. In other words, 

CFS credit and deficit creation could be accurately estimated by fuel type, but not 

necessarily by sector.  

3. The way I modelled the CFS excluded flexibility mechanisms, the significance of 

which is unclear. The model did not allow the banking of credits or early credit 

creation, meaning that credit quantities could have been underestimated. This 

means that the stringency of the CFS is likely overestimated at least slightly. In 

addition, the fund mechanism modelled in this study does not reduce GHGs 

through offsets, as it is intended to in reality. Also, the compliance fund credit 

price was uncertain. This did not significantly affect my results because the 

versions of the CFS in this study were not sufficiently stringent, but would have 
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the potential to significantly alter the policy’s GHG abatement potential at higher 

stringencies. 

4. The method I used to create upstream credits by end-use, sector, and region was 

one among many possibilities. It was “low-resolution” compared to the project-

specific reductions that will generate CFS credits in reality. With that being said, 

the end-uses which I allowed to generate credits in the model are clearly included 

in the proposed CFS regulations, meaning that my method could be considered 

conservative. While my method was limited by the high-level nature of the CGE 

modelling framework, an alternate approach could be to exogenously assign 

credits by sector and region based on plausible real-world project improvements. 

5. I made the assumption that 7Mt of deficits will be created through natural gas 

consumption by 2030. However, the proposed regulations suggest that deficits 

will also be created through propane consumption, and that emissions 

reductions from the gaseous stream might be closer to 6Mt. Taken together, this 

means that my analysis might have slightly overestimated CI reductions in the 

gaseous class. 

6. Importantly, although low carbon fuel CIs were set to decline over time, they were 

specified exogenously for this study. A common critique of CFS modelling studies 

(and one that I make myself in Section 1.3) is that they do not endogenize fuel 

CIs, meaning that there is no dynamic in the model that allows low carbon fuel 

CIs to change over time in response to stringent policy. I did not conceive of a 

way to track well-to-wheel fuel pathways and the associated emissions within the 

model. These CI assumptions are justifiable in the short term, but would certainly 

be a dubious assumption if the analysis were extended to 2050, for example. 

7. The method I used to quantify GHG emissions reductions “overlap” is exploratory. 

I do not mean to suggest that this is the best, or even a good method. However, I 

do believe that quantifying overlap in some way is helpful, because it forces 

policy makers and analysts to recognize the importance of policy interaction, and 

could help prevent the implementation of policies that have little or no additive 

effect. 
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8. I evaluate the CFS against only one criterion – its effectiveness. My analysis does 

not assess cost-effectiveness, political acceptability, and the ability to send a 

transformational signal, some of the other key policy determinants in the 

literature (Bhardwaj, Axsen, Kern, & McCollum, 2020). To this point, we must be 

careful not to be too demanding of politicians implementing a flexible regulation 

like the CFS. Anticipating what kind of climate policies governments will 

implement (or repeal) in the future is a near impossible task. Also, it is important 

to note here that while emissions reductions is the primary objective of Canada’s 

CFS, there is a secondary objective: the CFS aims to push low carbon alternatives 

to the market with the hope that learning and innovation can lower their long-

term costs. 

9. Scenario results, as in most energy-economy modelling studies, depend on a few 

key assumptions made about reference cases, technology and fuel costs, and 

the treatment of technological change (e.g., advanced biofuels, CCS). My findings 

should not be taken as a precise forecast, but instead as an aide to 

understanding possible outcomes and system dynamics. 

My study advances our understanding of the importance of accounting for policy interactions 

when evaluating climate policy. My broad recommendation for future researchers conducting 

quantitative energy-economy modelling studies for climate policy evaluation is to consider 

the importance of representing interactions between multiple policies and how this 

interaction affects our presentation of results to policy makers. 
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Appendix A   

 

Supplemental Information 

Table A1:  Ethanol and biodiesel blend constraints (% by volume). 

Low carbon fuel Fuel Service 2020 2025 2030  

Ethanol Gasoline 10.22 10.22 10.22 

Biodiesel Diesel 7.01 9.37 9.37 

     

Table A2:  2015 national industrial emissions (used in model calibration). 

Industry Stationary 
Combustion 

Sources (Mt 

CO2e) 

Transport (Mt 
CO2e) 

Industrial 
Processes 

(Mt CO2e) 

Fugitive 
Sources 

(Mt 

CO2e) 

Agricultu
re (Mt 

CO2e) 

Agriculture 1.4 0.9   58.6 

Chemicals 32.9  28.0   

Construction 1.2 0.4    

Conventional Oil 
Production 

1.5 0.1  2.7  

Electricity Generation 194.9     

Forestry 0.1 0.1    

Metals 6.4  14.9   

M ining 3.3 0.6  0.1  

Natural Gas 8.6 0.1  1.9  

Non-Metallic M inerals 1.7  2.5   

Oil Sands 7.3 0.3  1.6  

Other Manufacturing 33.3     

Paper 47.8     

Petroleum Refining 12.7     

Pipelines  5.6  0.2  

 

Table A3:  Vehicle cost inputs (all $2015) 
𝜎 and 𝑟 refer to parameters used in Equation 1 - Equation 4. 

End-use Technology Capital Cost Fixed 
Operating 

Cost 

Intangible 
Cost 

Light-duty vehicles  Existing  7,720 779 0 

𝜎 = 8 Fuel Cell  60,956 491 2581 

𝑟 = 0.25 Plugin Hybrid 23,926 594 1619 

 Hybrid 11,156 594 0 
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End-use Technology Capital Cost Fixed 

Operating 
Cost 

Intangible 

Cost 

 Pure Electric 39,540 409 1721 

 New 7720 779 0 
 Efficient 8,842 779 0 

Medium-duty diesel 
vehicles 

Existing 19,449 7,074 0 

𝜎 = 5 Efficient  24,132 6,658 0 

𝑟 = 0.25 New  19,449 6,658 0 

 Efficient  24,132 6,658 0 
 Compressed Natural Gas 46,804 6,658 7,925 
 Hybrid  35,418 5,306 18,114 

 Electric 140,859 3,537 25,360 
 Plugin Hybrid 88,584 5,305 12,680 

 Fuel Cell 104,144 7,074 28,531 

Medium-duty gasoline 
vehicles 

Existing 19,449 7,074 0 

𝜎 = 5 New  19,449 6,658 0 

𝑟 = 0.25 Efficient  24,132 6,658 0 

 Very Efficient  25,657 6,658 0 
 Compressed Natural Gas 46,804 6,658 7,925 

 Hybrid  33,344 5,306 18,114 
 Electric 140,859 3,537 25,360 
 Plugin Hybrid 88,584 5,305 12,680 

 Fuel Cell 104,144 4,244 28,531 

Heavy-duty vehicles Existing  84,008 11,147 0 

𝜎 = 5 New  84,008 11,147 0 

𝑟 = 0.25 Efficient  87,830 12,262 0 
 Very Efficient  94,339 13,488 0 

 Electric 528,544 5,573 61,137 
 Liquefied Natural Gas 134,659 14,100 20,842 

 Fuel Cell 201,835 12,262 91,705 

Buses Existing 49,830 45,459 0 

𝜎 = 5 New Diesel 53,730 41,174 0 

𝑟 = 0.25 Electric 283,424 24,704 39,102 

 Compressed Natural Gas 103,123 41,174 13,330 

 Fuel Cell 134,054 82,347 58,652 
 Hybrid 90,573 41,173 0 
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Table A4:  Major planned and implemented policies included in reference scenarios. 

Region Policy Description Status 

Federal Carbon Pricing 
Backstop Fuel Charge 
(Government of 
Canada, 2020) 

A regulatory charge on fossil fuels, set at $30/t 
CO2e in 2020 and $50/t CO2e in 2025 and is 
constant thereafter in nominal terms. Revenue 
raised by this policy is returned to each 
respective region. 
This policy is applied in Alberta, Saskatchewan, 
Manitoba, Ontario, New Brunswick, Nova Scotia, 
Prince Edward Island, Newfoundland, and the 
Territories. In British Columbia, the backstop is 
set at $45/t CO2e in 2020 and $50/t CO2e in 
2020.  

Implemented 

 Carbon Pricing 
Backstop Output 
Based Pricing System 
(Government of 
Canada, 2020) 

A performance-based pricing system for 
industrial facilities that emit more than 50kt CO2e 
annually. The pricing system is approximated 
here by requiring a 20% reduction in emissions 
intensity of output from baseline in 2020, 2025, 
and 2030. A charge is applied on emissions 
above the required reduction - $30/t CO2e in 
2020 and $50/t CO2e in 2025 and is constant 
thereafter in nominal terms. 
This policy is applied in Alberta, Saskatchewan, 
Manitoba, Ontario, New Brunswick, Nova Scotia, 
Prince Edward Island, Newfoundland, and the 
Territories. 

Implemented 

 Regulations Amending 
the Reduction of 
Carbon Dioxide 
Emissions from Coal-
fired Generation of 
Electricity Regulations 
(SOR/2018-263) 

This policy closes coal-fired power plants by 
2030 unless they emit less than 420 tonnes 
CO2e/GWh. 

Implemented 

 Regulations Limiting 
Carbon Dioxide 
Emissions from Natural 
Gas-fired Generation 
of Electricity 
(SOR/2018-261) 

This policy limits the emissions intensity of 
natural gas fired electricity generation to 420 
tonnes CO2e/GWh. 

Implemented 

 Regulations 
Respecting Reduction 
in the Release of 
Methane and Certain 
Volatile Organic 
Compounds 
(SOR/2018-66) 

Oil and gas facilities are required to adopt 
minimum standards for methane control 
technologies. A minimum methane control 
technology is required to take market share from 
2020 to 2030. 

Implemented 

 Renewable Fuels 
Regulations 
(SOR/2010-189) 

Specifies a minimum renewable fuel content of 
5% for gasoline and 2% for diesel fuel sold in 
Canada by volume. 

Implemented 
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Region Policy Description Status 

 Regulations Amending 
the Passenger 
Automobile and Light 
Truck Greenhouse Gas 
Emission Regulations 
(SOR/2010-201) 

New passenger vehicles and light-commercial 
vehicles/light trucks sold in Canada must meet 
fleet-wide GHG emission standards. Emission 
intensity limits are applied to the light-duty vehicle 
end-use at 166.8gCO2e/vkt in 2020, 
132.1gCO2e/vkt in 2025, and 118.9gCO2e/vkt in 
2030. 

Implemented 

 Regulations Amending 
the Heavy-duty Vehicle 
and Engine 
Greenhouse Gas 
Emission Regulations 
(SOR/2018-98) 

New heavy-duty vehicles sold in Canada must 
meet declining GHG emissions intensity 
standards. The freight trucking end-use is 
required to supply a specified minimum demand 
with efficient technologies—5% new trucking 
freight by 2025 and an additional 5% of efficient 
trucking fright by 2030. Similar constraints are 
placed on medium-duty gasoline and medium-
duty diesel end-uses. 

Implemented 

 Energy efficiency 
regulations 
(SOR/2018-98) 

Energy efficiency standards for space 
conditioning equipment, water heaters, 
household appliances, and lighting products. 
Major standards include a minimum annual fuel 
utilization efficiency of 90% for natural gas 
furnaces, a minimum energy factor of 0.61 for 
gas water heaters and ban of incandescent light 
bulbs 

Implemented 

British 
Columbia 

Clean Energy Act 
(SBC 2010, c 22) 

A minimum of 93% of provincial electricity 
generation must be provided by renewable or 
“clean” sources. 

Implemented 

 Zero-Emission 
Vehicles Act (SBC 
2019, c 29) 

Requires automakers to sell a minimum share of 
zero or low emission vehicles. This mandate 
achieves 10% zero-emission vehicles sales by 
2025 and 30% by 2030. 

Implemented 

 PST Exemption (BC 
Reg 96/2013) 

Electricity use in residential and industrial 
buildings is exempt from provincial sales tax. 

Implemented 

 Clean Industry Fund 
(Government of B.C., 
2019) 

Revenue collected from the carbon tax is used to 
fund industrial emission reductions. 

Implemented 

 Renewable Fuel 
Regulation (SBC 2008, 
c 16) 

A minimum renewable fuel content for gasoline 
(5% by volume) and diesel (4% by volume). 

Implemented 

 Low Carbon Fuel 
Regulation (SBC 2008, 
c 16) 

Requires a decrease in average CI of transport 
fossil fuels by 10% in 2020 relative to 2010. 
Credits can be generated by end-use fuel 
switching. Maximum credit trading price set at 
$200 (2017 dollars). 

Implemented 

 Landfill Gas 
Management 
Regulation (BC Reg 
391/2008) 

Captures 75% of landfill gas by mandating 
capture technology.  

Implemented 
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Region Policy Description Status 

 Renewable Natural 
Gas Regulation 
(Government of B.C., 
2019) 

Requires that 15% of natural gas consumption be 
provided by renewable natural gas by 2030. 

Planned 

 Strengthened Low 
Carbon Fuel 
Regulation 
(Government of B.C., 
2019) 

Requires a decrease in average CI of transport 
fossil fuels by 20% in 2030 relative to 2010. 
Credits can be generated by end-use fuel 
switching. Expands coverage to domestic 
aviation and navigation fuels. Maximum credit 
trading price set at $200 (2017 dollars). 

Planned 

Alberta Renewable Fuels 
Standard (Alta Reg 
29/2010) 

Requires renewable fuels to be blended into 
gasoline (5% by volume) and diesel fuel (2% by 
volume). 

Implemented 

 Renewable Electricity 
Act (SA 2016, c R-
16.5) 

Targets 30% of electricity from renewable 
sources by 2030. 

Implemented 

 Methane Emissions 
Reduction Regulation 
(Alta Reg 244/2018) 

Requires the reduction of methane emissions 
from oil and gas operations by 45% by 2025 
relative to 2014 levels.  

Implemented 

Saskatchewan Boundary Dam Carbon 
Capture Project 
(SaskPower, 2020) 

This project stores and captures CO2 emissions 
from a 115MW coal plant  

Implemented 

 Ethanol Fuel 
Regulations (RRS c E-
11.1 Reg 1) 

Requires renewable fuels to be blended into 
gasoline (7.5% by volume) and diesel fuel (2% by 
volume). 

Implemented 

 Methane Action Plan 
(Government of 
Saskatchewan, 2019) 

Requires a reduction in methane emissions from 
oil and gas extraction by 40 to 45% of 2015 
levels. 

Implemented 

Manitoba The Biofuels Act 
(CCSM c B40) 

Requires renewable fuels to be blended into 
gasoline (8.5% by volume) and diesel fuel (2% by 
volume). 

Implemented 

 Emissions Tax on Coal 
and Petroleum Coke 
(CCSM c E90) 

Taxes emissions based on the emissions 
intensities of types of coal ranging from $14.27/t 
of lignite to $31.90/t of petroleum coke. 

Implemented 

 Strengthened Biofuels 
Act (Government of 
Manitoba, 2017) 

Requires renewable fuels to be blended into 
gasoline (10% by volume) and diesel fuel (5% by 
volume). 

Planned 

Ontario Greener Gasoline 
Regulation (O Reg 
535/05) and Greener 
Diesel Regulation (O 
Reg 97/14) 

Requires 10% by volume ethanol blending in 
gasoline and 4% by volume bio-based content in 
diesel. 

Implemented 

 Strengthened Greener 
Gasoline Regulation 

Increases the renewable content of gasoline to 
15% by 2025. 

Planned 
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Region Policy Description Status 

Quebec Cap and Trade System 
for Greenhouse Gas 
Emissions Allowances 

Cap and trade for industrial and electricity sectors 
as well as fossil fuel distributors. Revenue raised 
by the policy is invested in low carbon 
technologies. Cap begins at 59Mt CO2e in 2020 
and decreases to 46MtCO2e in 2030.  
Combustion emissions from industry receive free 
allocations based on their baseline emissions 
intensity of output. Allocations decline over 
time—95% in 2020, 90% in 2025, and 85% in 
2030. Industry receives free allocation for all 
process emissions in reference to their 
benchmark emissions intensity of output.  
Prices for allowances under the WCI are set at 
$16.26 in 2020, $29.16 in 2025, and $45.49 in 
2030. All allowances are assumed to be received 
from the USA. 

Implemented 

 ZEV Mandate (SQ 
2016, c 23) 

Requires automakers to sell a minimum share of 
zero or low emission vehicles—9.5% in 2020, 
and 22% in 2025 and thereafter. In addition, 
automakers must sell a minimum share of zero-
emission vehicles alone—6% in 2025 and 16% in 
2025.  

Implemented 

 Renewable Natural 
Gas Mandate (CQLR c 
R-6.01 r.4.3) 

Sets the minimum quantity of renewable natural 
gas distributed at 1% of total by 2020 and 5% of 
total by 2025. 

Implemented 

 Renewable Fuels 
Regulations  

Requires renewable fuels to be blended into 
gasoline (10% by 2020, 15% by 2025) and diesel 
fuel (2% by 2020 and 4% by 2025) by volume. 

Planned 

New 
Brunswick 

Renewable Portfolio 
Standard (NB Reg 
2015-60) 

Requires that 40% of in-province electricity sales 
are provided by renewable sources by 2020. 
Imports from other jurisdictions and energy 
efficiency improvements qualify for compliance. 

Implemented 

Nova Scotia Cap on GHG 
emissions from 
electricity generation 
(NS Reg 194/2018) 

Requires emissions from electricity sector to 
decline to 4.5Mt by 2030. 

Implemented 

 Renewable Electricity 
Regulations (NS Reg 
155/2010) 

Requires that 25% of electricity consumption be 
provided from renewable resources in 2015, 
increasing to 40% by 2020. 

Implemented 

 Maritime Link (SNS 
2012, c 9) 

High-voltage transmissions line that will connect 
Nova Scotia to the Muskrat Falls hydroelectric 
project in Newfoundland. 

Implemented 

 

Table A5:  Summary of gTech bio-energy cost assumptions ($2010) 

Costs 

($/GJ) 

Corn 

etha
nol 

Wheat 

ethanol 

Soy 

b iodiese
l 

Canola 

b iodiese
l 

Canola 

HDRD 

Cellulosic 

ethanol 

Cellulosic 

RGD 

Cellulosic 

RNG 

Capital  3.6 3.6 2.1 2.1 3.9 17.0 27.6 9.7 
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Costs 

($/GJ) 

Corn 

etha
nol 

Wheat 

ethanol 

Soy 

b iodiese
l 

Canola 

b iodiese
l 

Canola 

HDRD 

Cellulosic 

ethanol 

Cellulosic 

RGD 

Cellulosic 

RNG 

Operating  4.7 6.0 5.2 4.2 3.1 7.8 9.6 1.3 

Feedstock  19.7 22.9 51.1 24.1 25.0 9.0 6.6 16.2 
Co-product  -4.8 -6.8 -33.6 -5.6 -5.8 -2.4 0.0 0.0 

Total  23.1 25.6 24.8 24.8 26.2 31.3 43.7 16.2 
MJ/L 23.6 23.6 35.4 35.4 36.5 23.6 35.6 NA 
$/L 0.55 0.60 0.88 0.88 0.96 0.74 1.56 NA 

 

Table A6:  Comparison of sector emissions between ECCC 2019 WM scenario and 
Planned+CFS reference scenario. 

IPCC Sector ECCC 2019 WM 
2020     2030 

“Reference-Planned” 
2020     2030 

Oil and Gas  206       213 206           198  
Electricity  52         24 72             44 

Transportation 170       153 188           156  
Heavy Industry 77         84 78             87 
Buildings 84         77 73             64 

Agriculture 74         76 65             74 
Waste and Others 43         45 41             41 
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Appendix B  

 

Supplemental Results 

 

Figure B1: CFS credit and deficit quantities for the Implemented+CFS scenario. 

 

 

Figure B2: CFS credits and deficits for the Planned+CFS scenario.  
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Figure B3: CFS credits and deficits for the Planned+Strigent CFS scenario. 

 

Figure B4: CFS credits and deficits for the Planned+Modified CFS scenario.  
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Figure B5: Net GHGs by sector for the Implemented+CFS scenario. 

 

Figure B5: Net GHGs by sector for the Planned+CFS scenario.  
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Figure B5: Net GHGs by sector for the Planned+Stringent CFS scenario. 

 

Figure B5: Net GHGs by sector for the Planned+Modified CFS scenario.  
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Figure B6: Bus technology market shares and national GHGs.  



82 

 

               

      

Figure B7: Bus fuel shares and national GHGs.  
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Figure B8: Light-duty vehicle technology market shares and national GHGs.  
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Figure B9: Light-duty vehicles fuel shares and national GHGs.  
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Figure B10: Medium-duty diesel vehicle technology market shares and national GHGs.  



86 

 

 

 

Figure B11: Medium-duty diesel vehicle fuel shares and national GHGs.  
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Figure B12: Landfill technology market shares and national GHGs.  
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Figure B13: Fossil fuel electricity generation market shares and national GHGs.  
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Figure B14: Fossil fuel electricity generation fuel shares and national GHGs. 
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Figure B15: Heavy-duty vehicles market shares and national GHGs 
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Figure B16: Heavy-duty vehicles fuel shares and national GHGs. 
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