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Introduction 
This report is an update of the 2020 analysis including some of the recent changes in the 

proposed Clean Fuel Standard (CFS) policy as well as several scenarios looking at a more 

ambitious 2030 target for carbon emission reduction.  Canada’s proposed CFS is a system that 

sets a target for reduction in liquid transportation fuel carbon intensity and allows renewable 

fuels produced from different feedstock pathways, each with unique carbon intensities, to 

compete with other clean technologies to meet the required reductions.   

The revisions in this year’s analysis reflect changes in the fuels included in the compliance debit 

generation, as well as changes in the level of compliance credits generated from non-biofuel 

sources.  Many of the Canadian provinces already have either low carbon policies or minimal 

blend rates for biofuels and these existing policies serve as a floor for biofuel demand.  In the 

four scenarios presented here, only two of the CFS scenarios lift biofuel demand (called ‘low 

carbon intensity fuels’ or LCIF in the CFS) above the floor set by the provincial policies based on 

the assumptions regarding credits supplied by compliance categories 1 and 3, and from cross-

stream low carbon intensity gaseous fuel credits.  

Environment and Climate Change Canada (ECCC) released a revised E3MC model in May 2019.  

WAEES followed the carbon calculations laid out in this model to build an endogenous model of 

the Canadian CFS within the larger WAEES global agricultural and biofuels modeling system.  In 

order to project feedstock demands within the simultaneous system, carbon intensity scores 

for each biofuel feedstock pathway were needed.  WAEES used the carbon intensity scores 

provided by Advanced Biofuels Canada from the GHG Genius 5.0 model for pathways not 

explicitly reported in the E3MC model.       

The Canadian CFS policy is part of the larger WAEES global agricultural and biofuels partial 

equilibrium model which encompasses 48 countries and geographic regions and over 30 

agricultural commodities as well as the primary biofuels (e.g. ethanol, biodiesel, and renewable 

diesel) in the key global markets (see Appendix B for additional details).   

Scenario Context 
These scenarios were run using baseline projections generated in October/November 2021 

from the WAEES global agricultural and biofuels econometric model.  Global historical 

agricultural supply and demand data were updated to USDA’s October Production, Supply, and 

Disposition estimates and aligned with USDA’s October World Agricultural Supply and Demand 

Estimates.  The most notable changes from the 2020 analysis are higher crude oil prices, 

especially over the next five years.  In addition, the 2021 drought in Canada that reduced canola 
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production by nearly 23% year over year, along with speculation regarding renewable diesel 

expansion in the United States, has led to significantly higher biomass-based diesel feedstock 

prices.  

The California Low Carbon Fuel Standard (LCFS) was included in the analysis and includes 

expansion in renewable diesel production in response to renewable diesel returns, including 

the LCFS compliance credit price.  However, higher feedstock costs do rationalize how high 

renewable diesel production actually gets versus announced capacity expansion.  The WAEES 

model was aligned to the high demand/high electric vehicle scenario assumptions in the 

California Air Resources Board 2018 illustrative compliance scenarios.  WAEES also included the 

cap on compliance credit prices in the LCFS policy.   

 

With the exception of Canada, international gasoline and diesel fuel demand estimates were 

updated to the US Department of Energy’s Energy Information Administration projection in the 

International Energy Outlook released October 6, 2021.  International biofuels historical data, 

excluding Canada, draws upon the reported estimates by USDA’s Foreign Agricultural Service.  

Argentina’s monthly historical biodiesel production, consumption, and trade data is based on 

Argentina’s Instituto Nacional de Estadistica y Censos (indec).  The EU-28 monthly trade data in 

biofuels is updated based on the European Commission’s Market Access Database.  The EU is 

assumed to enforce the second Renewable Energy Directive (RED 2) policy of phasing out palm 

oil as a biomass-based diesel feedstock by 2030 which is largely replaced by canola oil.   
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Renewable Diesel and Biodiesel 
Renewable diesel has grown considerably in popularity over the last few years.  It’s 

attractiveness as a “drop-in” fuel with full fungibility with #2 petroleum diesel, (including the 

same cold flow properties), has stimulated interest in expanding renewable diesel production 

capacity.  Publicly available data on the margins for renewable diesel production versus 

biodiesel are scarce and often involve derivations from less than transparent sources.  Based on 

WAEES’ research, there appears to be a wider margin over variable cost for renewable diesel 

compared to biodiesel.  The wider margin is made up of: 

• Generation of 1.7 RINs per gallon versus 1.5 RINs per gallon of biodiesel – value will vary 

with the RIN credit price 

• Small difference in energy content 

• Access to the California LCFS compliance credit price (some biodiesel plants are 

geographically too far away) – value will vary with the credit price 

• Some differences in transportation costs 

• Higher by-product values 

Although not the focus of this analysis, it is expected that these larger margins for renewable 

diesel with result in new renewable diesel capacity coming online which could displace existing 

biodiesel production capacity if policies do not expand biofuels demand.  The four scenarios 

presented in this analysis reflect this displacement.  

Note – as many standalone and co-processing-based renewable diesel production platforms 

are capable of producing renewable gasoline fuels or blendstocks, renewable propane, and 

sustainable aviation fuels (SAFs), we have adopted the term ‘Renewable Hydrocarbon Fuels’ 

to reflect that the products may be a mix of renewable diesel, renewable gasoline, and/or 

SAF. In terms of model results for feedstock demands and renewable fuel production, 

‘renewable diesel’ results may, in fact, result in renewable hydrocarbon fuel products used in 

the gasoline pool or aviation jet fuels.   

Modeling Approach to the Canadian CFS 
Development of the Canadian Clean Fuel Standard (CFS) in the WAEES model is based on the 

May 2019 Reduction Opportunities Model (ROM), and information released by ECCC since that 

time.  The major difference from ECCC’s ROM is that the WAEES model solves for the quantities 

of biofuels supplied by feedstock pathway given the credits provided in compliance categories 1 

and 3 (non-biofuel credit sources) and from cross-stream (non-transportation) utilization of low 

carbon intensity gaseous fuels.   The model solves for the “renewable fuel credit price” needed 

to ensure sufficient compliance credits from biofuels are generated in each compliance period.  
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(Note - the renewable fuel credit price is the price needed to incentivize biofuel use but the 

possible impact on the supply of credits from compliance categories 1 and 3 is not captured 

because these are exogenous assumptions in the model. In other words, the renewable fuel 

credit price reflects the intrinsic compliance credit price to achieve the modeled level of LCIF 

use (compliance category 2); it is not, therefore, a forecast of the CFS compliance credit price.)   

 In each feedstock pathway, the overall renewable fuel credit price is translated into the value 

per liter based on the carbon intensity assigned to the feedstock pathway. The value for each 

feedstock pathway is what incentivizes potential biomass-based fuel suppliers to produce more.  

Some feedstock pathways have significantly higher values from the renewable fuel credit price 

due to their low carbon intensity scores.  However, the WAEES model also tracks the available 

supplies and other demands for agriculturally based feedstocks.  Even though a particular 

feedstock pathway may have a high value from the renewable fuel credit price, how much of 

the feedstock that can be used depends on its supply and demand situation.  The extra value 

from the renewable fuel credit price will be eroded as the feedstock price increases and the 

supply of the feedstock limits how much can be used.  For example, animal fats and used 

cooking oils often have low carbon intensity scores but it is difficult to increase the supply of 

these products since they are low value by-products of other processes (i.e. tied to livestock 

demand for meat consumption).   

The WAEES model uses econometric equations to solve for the biofuels that will be used to 

meet the requirements of the Canadian CFS.  Each scenario has fixed assumptions regarding 

compliance credit use from non-biofuel pathway credit generating actions (e.g. upstream 

emission reduction credits, fuel switching to electric vehicles, etc.). The obligated parties are 

expected to meet CFS requirements, in part, by incentivizing the use of biofuels through the 

renewable fuel credit price.  If the obligated parties cannot acquire sufficient compliance 

credits from all sources to meet their obligation in a period, they bid up the renewable fuel 

credit price until they do or they could ultimately hit the compliance credit price cap that is in 

the Canadian CFS policy (CAD $350/credit, plus inflation).  As more biofuels are produced, the 

demand for biofuel feedstocks also rises, increasing feedstock prices.   

The combination of fuel type and feedstock pathway form a unique pathway and carbon 

intensity score.  The amount of carbon intensity reduction (from the fossil fuel reference) can 

then be calculated for each pathway and the subsequent value of that pathway given a 

renewable fuel credit price.  Each LCIF pathway has a different compliance credit value based 

on its carbon intensity score.  Pathways that have a higher compliance credit value per liter 

incentivize more biofuel production in that pathway.  In order to simulate this, the model looks 

at the margin for each pathway which includes the biofuel price plus the carbon intensity value 

less the cost of the feedstock.  If the renewable fuel credit price is zero then no incentive is 
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added to the margin equation.  Both domestic and international biofuel producers see the 

carbon intensity value incentives.   

It is important to emphasize that this is not an optimization model that solves for the least cost 

pathways resulting in corner solutions subject to constraints.  Instead, this model emulates how 

each pathway responds to additional economic incentives.  While the model will result in 

solutions that are directionally similar to an optimization model, the resulting change in the 

magnitude for each pathway will be different; this is because the current infrastructure is 

allowed to respond to the incentives it will experience, based on the carbon intensity values of 

its respective pathway. 

Since there has been no Canadian CFS policy before, there is no historical data to help guide the 

exact calibration of the model.  The model solves for the renewable fuel credit price by 

simulating how much Canadian domestic producers and international producers respond to the 

carbon intensity value incentive.  Therefore, the level of the renewable fuel credit price 

depends on the responsiveness of supply equations for each pathway.  The more responsive 

the pathway is in increasing production, the lower the renewable fuel credit price.  

International supply and demand conditions for feedstocks and biofuels can influence their 

availability and prices in Canada and ultimately the level of the renewable fuel credit price.  

Another important difference from the Reduction Opportunities Model is that the overall level 

of electric vehicle use has a direct impact on the amount of energy demanded from gasoline 

and diesel vehicles.  As the quantity of energy supplied by electric vehicles rises, the quantity of 

energy that needs to be supplied for gasoline and diesel vehicles directly declines.  For the 

scenarios considered in this analysis, different levels of compliance credits were generated by 

zero emission vehicles (ZEV) across the scenarios. (Note – in the CFS, compliance category 3 

includes fuel switching from gasoline and diesel to lower emission platforms: electric vehicles 

(EVs), hydrogen fuel cell vehicles, and renewable natural gas used in compressed natural gas 

and liquified natural gas transport. Given the projected increase in EV adoption, WAEES 

modeling of the CFS used EVs as the proxy for all compliance category 3 credit generation.) 

Using the EV credit generation assumptions, WAEES calculated the reduction in gasoline and 

diesel fuels needed.    Using the EV credit equation for the energy effectiveness ratios (EERs) 

provided by ECCC, we can back into the reduction in terajoules of energy needed.  Using the 

energy density of gasoline and diesel, we can derive the reduction in liquid fuels as a result of 

EV adoption. 

Finally, compliance credit stocks are assumed to be modestly responsive to renewable fuel 

credit prices in this model which does allow credit pools to be drawn down to low levels, but 

not depleted beyond a credit bank of 5 million credits in any period.  The level of credit bank is 

merely a guess, but to provide a buffer and allow flexibility in securing credits it should be 
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above zero.  This has the effect of keeping compliance credit prices higher because credit pool 

stocks are not fully utilized to meet CFS compliance requirements.   

Scenario Implementation  

To explain how the scenarios were implemented, it may be helpful to identify the categories of 

compliance credits that are assumptions (exogenous) and those that are determined through 

solution of the model (endogenous).  The simple description is that those credits that are not 

generated by biofuels are exogenous to the model and all biofuels credits are endogenous.   

The exception to the above is compliance fund mechanism credits; the compliance fund allows 

obligated parties to purchase credits at a pre-determined ceiling price.  Credits used from the 

compliance fund are endogenously determined by the model.  These credits occur if the 

renewable fuel credit price is bid up above the compliance fund price ceiling set in the CFS 

policy.  It is assumed that an obligated party would choose the lower cost option of purchasing 

credits via the compliance fund versus paying to create credits whose costs are in excess of the 

compliance fund credit price. The remaining credits required to meet the obligation are 

supplied through the compliance fund up to the 10 percent limit based on the obligated party’s 

total debits.   

CFS compliance credits fall into roughly three categories: 

Compliance Category 1 (CC1) 

• Carbon Capture and Storage 

• Upstream Improvements 

• Reductions in Refineries 

• Incremental Methane Reductions – Conventional Oil 

Compliance Category 2 (CC2) 

• Ethanol 

• Biodiesel 

• Renewable Hydrocarbon Fuels  

• Pyrolysis Oil (Biocrude) 

• Sustainable Aviation Fuel 

Compliance Category 3 and Other (CC3) 

• Fossil fuels displaced by Propane and Renewable Propane 

• Fossil fuels displaced by Natural Gas or Renewable Natural Gas or Hydrogen 

• Fossil fuels displaced by Electric Vehicles 
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• Fossil fuels displaced by Hydrogen Fuel Cell Vehicles 

• Cross Stream Credits 

• Emerging Tech Credits 

Based on the scenario assumptions set in the model regarding CC1, CC3, and cross-stream 

gaseous credit utilization, the model solves for the renewable fuel credit price needed to 

incentivize enough supply of biofuels to meet the remaining credits needed to comply with the 

CFS.   

The projection of Canadian demand for transportation energy as measured in terajoules is the 

same across all scenarios.  However, there are shifts between electric and liquid fuel vehicles 

depending on the assumed credit generation delivered by electric vehicles.   

Scenario Definitions 
 
Four scenarios were evaluated to determine the impact of alternative assumptions on biofuel 
and feedstock demands.  These scenarios were formulated based on the assumptions made 
regarding the CC1 and CC3 categories as well as the overall carbon emission target. 
 
As detailed in the table below, the four scenarios shared some common assumptions including: 

• the same overall transportation energy demand 

• the same minimum biofuel blend rates based on provincial policies 

• cross stream trading credits were assumed to be the maximum 10% of fossil fuel debits 

• sustainable aviation fuel volumes that grow from 0 to 5% of aviation turbo fuel by 2030 

• pyrolysis oil volumes that grow from 1% of heavy fuel oil in 2022 to 15% of heavy fuel oil 
by 2030 

• minimum credits in the compliance credit bank were set at 5 mmt CO2e 

• in 2022, credits were allowed to be accumulated over half the year while compliance 
debits generated by fossil fuels were only accumulated over December 
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The table below provides a summary of the assumption changes across the four scenarios over 

the 2022 to 2030 period. All scenarios beginning with the NZ-GR (net-zero guardrail) prefix 

include a provision that restricts CC1 credit use to maximum of 25% of the total credits required 

in a compliance period. The cutoff at 25% is in proportion to the lifecycle emissions emitted 

from fossil fuel extraction and refining while the remaining 75% of the compliance obligation is 

met with actions that address the combustion emissions (CC2 and CC3 credits). Also behind the 

guardrail are: other credit flexibilities such as cross-stream credits and credits purchased 

through the compliance fund mechanism. The use of these flexibilities further constrains the 

use of CC1 credits in a compliance period. It should be noted that liquid fuels produced by way 

of co-processing are not behind the guardrail in the modelling and are assumed to be 

represented in the modelled biofuel figures.  

The obligated fossil fuel carbon intensity reduction was the same in the Baseline and NZ-GR 

13% scenario.  Overall, the total assumed CC1 and CC3 credits were larger in the Baseline, 

totaling 21.1 mmt CO2e versus 17.5 mmt CO2e in the NZ-GR 13% scenario by 2030.  In 2030, for 

the Baseline, only 6.6 mmt CO2e credits are needed from biofuels, well below the provincial 

biofuel policy requirements.  Under the NZ-GR 13% scenario, 10.1 mmt CO2e credits are 

needed from biofuels, which is very close to the provincial biofuel policy demand requirements. 

The NZ-GR 20% ZEV and NZ-GR 20% LCIF scenarios have a higher obligated fossil fuel carbon 

intensity reduction than the first two scenarios which increases the compliance credits 

required.  Although the CC1 and cross-stream compliance credits are also increased, the CC2 

(biofuel) and CC3 (ZEV) compliance credits needed are significantly higher since the guardrail 

constrains utilization of the CC1/cross-stream credits to no greater than 25% in a compliance 

period.  By 2030, the NZ-GR 20% ZEV scenario requires 12.1 m CC2 credits and the NZ-GR 20% 

LCIF scenario requires 15.1 m CC2 credits.  Since these requirements are well above the 
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provincial biofuel policy requirements, the CFS policy drives biofuel consumption in these 

scenarios. 

In each scenario, the overall liquid fuel consumption is adjusted for the assumptions regarding 

electric vehicles.  The resulting liquid fuel demands are modestly different across the scenarios 

after making this adjustment, but the overarching assumption regarding the energy 

requirement for transportation remains the same. 
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Scenario Results 

Summary tables of the scenario results are presented in Appendix B.  Although the results are 

available for each year, the summary tables omit some years to allow the tables to conform to 

the page size.  It should be noted that the biofuels tables are presented in a calendar year 

format while the grain and oilseed tables are presented in a marketing year format.  

The simplest way to understand the scenario result is to consider the quantity of compliance 

credits supplied by non-biofuel sources.  As you would expect, the larger the quantity of carbon 

credits supplied by non-biofuels sources, the lower the quantity of biofuels needed to reach 

compliance with the CFS. Since the baseline has the highest number of compliance credits 

supplied by non-biofuel sources, it requires the lowest quantity of biofuels to reach compliance.  

The NZ-GR 20% LCIF scenario has the lowest number of compliance credits supplied by non-

biofuel sources in combination with higher overall carbon reduction target, and subsequently 

requires the highest quantity of biofuels to reach compliance. 
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Biofuels Consumption 

In the Baseline and NZ-GR 13% scenario, biofuel consumption is driven by the provincial biofuel 

policies.  With the expansion in renewable hydrocarbon fuels production already underway in 

Canada, consumption of this new production displaces existing biodiesel consumption.  

Although overall biomass-based diesel (biodiesel plus renewable diesel) consumption increases 
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in all scenarios, the growth in renewable hydrocarbon fuels crowds out some biodiesel 

consumption. 

An important question is how the model sorts out how much of the CFS is met by ethanol, 

renewable diesel, and biodiesel.  Within the model, the expected net returns for each biofuel 

by feedstock pathway are calculated.  Each biofuel feedstock pathway generates a different 

amount of carbon reduction based on its carbon intensity score and subsequently produces a 

specific value of that carbon reduction based on the renewable fuel credit price.  For example, 
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biodiesel produced from canola oil would get the value of the biodiesel price plus the value of 

carbon reduction specific to the canola oil pathway.  The values of these compliance credits for 

each feedstock pathway in each scenario are presented in Appendix B.   

In the case of the NZ-GR 20% LCIF scenario, the value of the compliance credit for biodiesel 

made from canola oil is $1.05 per liter by 2030.  Importantly, the net returns also include the 

cost of the feedstocks.  This means that even as gross returns increase with the value of the 

compliance credit, the cost of the feedstock increases as more of that feedstock is demanded 

offsetting some of the increase in gross returns.   

The responsiveness of the supply of biodiesel, renewable diesel, and ethanol to changes in net 

returns is what determines how much of each biofuel is consumed.  The responsiveness is 

determined by past responsiveness of the sector to increases in returns, differences in returns 

across sectors including the value of the compliance credits generated by the particular fuel 

pathways.  In the case of renewable hydrocarbon fuels, expert judgement has been used on 

how responsive the industry, which doesn’t currently exist in Canada, would be to expanded 

production incentives from the regulation based on the experience in other countries.  In order 

to capture the lags associated with building new plants or converting existing facilities, the 

model includes a capacity building equation that functions off of multiple years of lagged 

returns.  In addition, the model includes a capacity utilization which allows some flexibility in 

current production relative to current profitability.    Production of renewable hydrocarbon 

fuels is determined by the product of capacity and capacity utilization.  In the NZ-GR 20% LCIF 

scenario, ethanol consumption peaks out just above a 15 percent blend (not restricted in the 

model) and biomass-based diesel (biodiesel and renewable diesel) consumption peaks at 12.2 

percent blend in 2030. 

Canadian imports of renewable diesel from Neste’s Singapore plant are based on the additional 

incentives from the renewable fuel credit price specific to the feedstock pathway.  Imports of 

renewable hydrocarbon fuels under the NZ-GR 20% LCIF scenario increase the most because 

the renewable fuel credit prices are the highest in that scenario.  Renewable diesel imports 

increased by over 104 million liters in the NZ-GR 20% LCIF scenario versus the baseline.  It is 

possible that imports of renewable diesel could be higher depending on the size of the 

renewable diesel expansion in the United States that is currently underway, but this will also be 

tied to US state and federal biofuels policy. Renewable diesel imports could be lower, should 

the Canadian market be more responsive to building capacity to meet the domestic and global 

demand.  

Biodiesel imports increase more significantly under the NZ-GR 20% LCIF scenario growing from  

400 million liters in 2022 to 912 million liters by 2030. This production capacity could also be 

built in Canada, which would lower biodiesel imports.    
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The scenarios illustrate the impact of the credit generation assumptions from non-biofuel 

sources and alternative obligated fossil fuel carbon intensity reduction levels.  With higher 

credit generation assumptions from other sources, the need for credits from biofuels is 

reduced.  The baseline and NZ-GR 13% scenarios have lower biofuel demands due to higher 

non-biofuel credit generation assumptions, (21.1 and 17.5, respectively).  In the NZ-BR 20% LCIF 

scenario which includes a 20% reduction in fossil fuel carbon intensity levels, 15.1 m credits 

must be generated from biofuels in 2030 compared with only 6.6 mmt of credits in the Baseline 

in 2030.  

Feedstock Use 

Feedstock use is determined by the expected net returns for each feedstock pathway, 

feedstock prices, and the available supply of feedstocks.  Canola oil and soybean oil serve as the 

primary feedstocks due to their ample availability and comparable compliance credit values.  

For biodiesel production, inedible tallow, white grease, and yellow grease have the lowest 

carbon intensity scores.  However, there are only limited supplies of these feedstocks and we 

only allow them to reach about half of the available supply.  Canola oil has the next lowest 

carbon intensity score subsequently resulting in it being the dominant source of feedstock to 

meet additional production.  Corn and wheat remain the primary feedstocks for ethanol 

production.  
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Feedstock Costs 

These scenarios begin from a much higher starting point on feedstock prices versus last year's 

scenarios.  Canola oil prices begin at almost $1,600 per metric ton, well above the ten year 

average of just over $1,000 per metric ton.  A few of the market developments driving these 

higher prices include the European Union’s phase out of palm oil use in biofuels, speculation 

and announcements around renewable diesel capacity expansion in the US, and the drought in 

Canada that occurred this past year significantly reducing canola production.  The graphs below 

focus on the difference between the scenarios presented in this analysis all of which a run off 

the significantly higher feedstock prices in the baseline projections.  Comparing across the 

scenarios, the NZ - GR 20% scenarios show modest impact on feedstock prices from the 

baseline levels.  Canola oil prices are higher as more canola oil is used for the production of 

both biodiesel and renewable diesel.  All prices in the WAEES tables are reported in nominal 

terms (i.e. not adjusted for inflation) although all equations include price adjusted for inflation 

in the WAEES econometric model.    

In the NZ-GR 20% LCIF scenario with the highest biofuel demand, nominal canola oil prices 

increase 19 percent over the 2022 to 2030 period.  In the Baseline scenario with the lowest 

biofuel demand, canola oil prices increase 7.8 percent over the 2022 to 2030 period.  

Comparing the NZ-GR 20% LCIF scenario with the Baseline, nominal canola oil prices are 10% 

higher by (crop year) 2030/31.  This stems from the additional feedstock demand, which under 

the NZ-GR 20% LCIF scenario, increases canola oil use by 2.3 million metric tons over the 2022 

to 2030 period of which 1.5 million metric tons is the quantity above Baseline levels.   
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 Although more corn and wheat are used to produce ethanol for the Canadian CFS, in a global 

context, the increase in demand is a relatively small amount resulting in very little impact on 

corn prices across the scenarios.  
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Compliance Credits 

The graph below illustrates the CFS credits in 2030 generated from each compliance category 

for each scenario.  Compliance category 2 (CC2) is primarily made up of credits from biofuels.  

In the Baseline scenario, the credits appear to be evenly spread across the compliance 

categories. However, this is deceptive in that CC2 credits generated in the baseline are actually 

driven by provincial policy rather than the CFS.  Similarly, in the NZ-GR 13% scenario, the CC2 

credits generated are driven by provincial policies, not the CFS.   In the NZ-GR 20% ZEV and NZ-

GR 20% LCIF scenarios, the required CC2 credits from the CFS move above the provincial policy 

requirements beginning in 2025.   

The CFS Credit Generation graph below illustrates how the price of compliance credits change 

as more biofuels are needed to meet the CFS standard.  As modelled, the renewable fuel credit 

prices are driven by the quantity of credits that need to come from biofuels.  The higher the 

volume of biofuels required, the higher the renewable fuel credit price.  Importantly, CC1 and 

CC3 would also likely respond to a higher credit price, but the supply curves for the sources of 

these other credits are unknown. In all scenarios, cross-stream gaseous credits are assumed to 

be utilized to the 10% maximum allowance, since these credits are likely to be produced and 

available pursuant to other federal and provincial climate policies.   
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Summary & Conclusions 
The analysis evaluates the impact of introducing the Clean Fuel Standard as a national policy in 

Canada directed at reducing carbon emissions.  The analysis is focused on the biofuels sector 

and provides results for alternative scenarios regarding the assumed level of compliance credits 

from other sources.   

The analysis evaluated four scenarios with alternative assumptions regarding compliance 

credits generated from non-biofuel sources.  The Baseline and NZ-GR 13% scenarios utilized the 

current proposed CFS program goals of reducing fossil fuel carbon intensity by 13 percent by 

2030 and the NZ-GR 20% ZEV and NZ-GR 20% LCIF scenarios evaluated a stronger goal of 

reducing fossil fuel carbon intensity by 20 percent by 2030.  All the NZ-GR scenarios impose a 

25% limit on non-fossil clean fuel credit use in each compliance period (i.e. credits other than 

CC2, CC3, and co-processed fuels). With the assumed credit contributions from CC1 and CC3 

categories, both the Baseline and NZ-GR 13% scenarios resolve using the provincial blend 

requirements because the CC2 credits required by the CFS were below provincial blend 

regulatory requirements.   

Under the NZ-GR 20% ZEV and the NZ-GR 20% LCIF scenarios, the CC2 biofuel requirements are 

higher than the provincial blend requirements and result in growth in domestic production of 

ethanol, biodiesel, and renewable hydrocarbon fuels.  Biomass-based diesel consumption 

(biodiesel and renewable diesel) expands by significantly more over the projection period than 

ethanol consumption.  This reflects the lower carbon intensity scores assigned to biodiesel and 

renewable diesel feedstock pathways which results in carbon credit values that are more than 

double the ethanol pathways.  Due to limited supplies of inedible tallow, yellow grease, and 

white grease, much of the feedstock demand increases fall to canola oil which is in surplus 

supply in Canada.  In the NZ-GR 20% LCIF scenario with the highest biofuel demand, canola oil 

prices increase 19 percent over the 2022 to 2030 period.  In the Baseline scenario with the 

lowest biofuel demand, canola oil prices increase 7.8 percent over the 2022 to 2030 period 

reflecting ongoing strong global vegetable oil demand.  Feedstock prices for ethanol increase 

very slightly because the demand increase is not significant in a global context.   

The table below captures the impact on Canadian biofuel production and imports.  As more 

compliance credits are filled by biofuels, the production and imports expand to meet the CFS 

requirements.   

The analysis results are dependent on the global context in terms of the supply, demand, and 

prices of biofuels and feedstocks and the policy assumptions for other countries.  International 

supply and demand conditions for feedstocks and biofuels can influence their availability and 

prices in Canada and ultimately the level of the renewable fuel credit price.  
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Appendix A – Overview of the WAEES Global Agricultural and Biofuels 

Econometric Model 

The WAEES partial equilibrium modeling system is made up of a set of global econometric 

models emulating the behavior of the global agricultural sector.  The partial equilibrium models 

can be broken down into crops, livestock and biofuels components encompassing feed grains, 

food grains, cotton, sugar, oilseeds, beef, pork, poultry, ethanol, biodiesel, and renewable 

diesel.  

 

 

The WAEES models cover 48 countries/regions with an additional 12 regional aggregates 

including the world total.  WAEES follows USDA’s reported data coverage which may mean that 

a zero is reported for a particular commodity which USDA does not cover or has discontinued 

covering.  USDA currently covers at least 90 percent of global production; therefore, the 

countries which are omitted represent a small portion of total global production.  Specifically 

the WAEES model includes Canada, Mexico, the United States, Caribbean and Central America, 

Argentina, Brazil, Bolivia, Chile, Colombia, Paraguay, Uruguay, Other South America, the 
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European Union 28, Other Europe, Kazakhstan, Russia, Ukraine, Uzbekistan, Other Former 

Soviet Union, Iran, Saudi Arabia, Turkey, Other Middle East, China, Japan, South Korea, Taiwan, 

Other East Asia, Bangladesh, India, Pakistan, Other South Asia, Indonesia, Malaysia, Myanmar, 

Philippines, Thailand, Vietnam, Other Southeast Asia, Australia, Other Oceania, Egypt, Morocco, 

Other North Africa, Kenya, Nigeria, South Africa, and Other Sub-Saharan Africa.  WAEES also 

reports projections on crop area, yield, and production for each of the EU-28 countries.     

 

Partial Equilibrium Models 

Each partial equilibrium module is broken down into commodities with a system of structural 

equations capturing the supply and demand components for each of them.  The drivers of these 

equations are theoretically derived based upon the behavioral postulates from economic 

theory of profit maximization by the market participants and utility maximization by consumers 

subject to various domestic and international trade policies.  The diagram below illustrates the 

inter-linkages of the crops and livestock model.  In the diagram, the blue boxes represent the 

key drivers (conditioning assumptions) of the agricultural sector including income, population, 

culture, inflation, exchange rates, domestic and trade policy, technology and input costs.  The 

WAEES Regions follow the USDA Regions
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green boxes are an aggregate approximation of the crops sector.  As relevant, each box 

represents an equation for each commodity covered.  For example, there are specific feed 

demand equations for corn, sorghum, barley, soybean meal, sunflower meal, etc.  The pink 

boxes are an aggregate approximation (within the diagram) of the detailed livestock sector 

model encompassing beef, pork and broilers. The diagram illustrates how income, population, 

and other factors drive food demand for crops and meats.  Crude oil prices (and policies) drive 

the demand for biofuels.  As demand increases, crop prices increase providing an incentive for 

production expansion.  Technology growth (based on historical yield improvement trends) 

drives yield expansion providing much of the needed production.  Crop area may also grow to 

meet demand needs although in developed countries this often amounts to tradeoffs among 

crops and fallow land.  Ultimately supply and demand are balanced via commodity prices.  If 

demand is stronger than supply, commodity prices increase until demand growth is slowed and 

supply growth is increases enough for supply and demand to balance. 

 

The WAEES partial equilibrium models solve iteratively to find equilibrium by balancing global 

supply and demand.  This occurs at the individual country level for each commodity.  Most 

countries are at least somewhat open to trade albeit with tariffs.  The trade diagram below 
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illustrates conceptually how global supply and demands are balanced within a “global” price 

equilibrium solution.  Typically, a large exporting country is chosen as the residual supplier for 

the world.  The choice of this country does not affect the solution.  The commodity price in the 

residual supplying country is solved for by assuming an initial level of exports.  This price is then 

transferred to other countries through trade barriers, transportation costs, and exchange rates. 

Based on a given price level, each country determines how much it is willing to supply or 

demand at that price and subsequently how much it wants to import or export.  While not 

depicted in the diagram below, occasionally a country has tariffs high enough that no trade will 

occur or only a fixed amount of trade will occur at the lower tariff level.  Note that in those 

countries internal prices may not reflect the world level of prices because supply and demand 

must be balanced from domestic sources.  After the supply and demand in each country is 

determined and the implied trade position, these trade positions are summed to find the new 

level of exports for the residual supplying country replacing the initial assumption.  The process 

then repeats itself until prices adjust to balance global supply and demand.  For example, if the 

sum of trade across all other countries is lower than the initial starting assumption for the 

residual supplying country, the price level in the residual supplying country will fall to balance 

supply and demand.  This lower price level will then get transferred to all other countries 

affecting their supply and demand and ultimately net trade positions and of course replace the 

exports again in the residual supplying country.  This process continues until global supply and 

demand balance. 
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An Example of the US Partial Equilibrium Model for the Biofuels Sector   

Within the WAEES model, the US ethanol, biodiesel and renewable diesel sectors are set up as 

partial equilibrium models with supply and demand equations and an endogenous ethanol, 

biodiesel and renewable diesel price.  The structure of the model has its roots in the ethanol 

specifications documented by John Kruse, Patrick Westhoff, Seth Meyer, and Wyatt Thompson 

in a 2007 journal article in AgBioForum entitled, “Economic impacts of not extending biofuel 

subsidies.”    With the second Renewable Fuel Standard, these original specifications have been 

updated to reflect the hierarchical system of mandates.  The biofuels mandates require 

compliance with each specific mandate type including biodiesel, cellulosic, advanced and the 

overall renewable fuel mandate.  The rationale for different mandates in the legislation was to 

encourage biofuel producers to move towards feedstocks that provided the greatest level of 

greenhouse gas (GHG) reductions compared with conventional petroleum.  The term 

“advanced biofuels” was used to describe biofuels that reduced GHG emissions by at least 50 

percent compared with a 20 percent reduction requirement for conventional feedstocks.   

Cellulosic derived biofuels must reduce GHG emissions by 60 percent.  Compliance with the 

mandates by the obligated parties is enforced by the EPA through as system of Renewal 
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Identification Numbers (RINS) assigned to each type of biofuel produced.  Obligated parties 

must demonstrate that they have met their assigned obligations through the number of RINS 

they have for each type of fuel. Theoretically there could be a specific RIN value for each type of 

mandate – cellulosic, biodiesel, advanced, and conventional, if each mandate was binding.  

Mandates are binding when the market is forced by policy to produce more than what normal 

economic conditions would suggest.    

 

Conventional 
Mandate

Hierarchical RINS Modeling

Cellulosic 
Mandate

Biodiesel 
Mandate

Advanced 
Mandate

• Theoretically there can be 4 different RIN prices 
specific to each mandate if all the mandates are 
binding. 

• Mandates are binding when the market is forced by 
policy to produce more than what normal economic 
conditions would suggest.  

• Given the hierarchy of the mandates, it must be the 
case that RIN values for biodiesel are greater than or 
equal to advanced RIN values and advanced RIN 
values must be greater than or equal to conventional 
RINS.  This is because biodiesel RINS can be used as 
advanced RINS and advanced RINS can be used as 
conventional RINS.  (This process is referred to as 
demotion.)

• Biodiesel RINS can have the same value as advanced 
RINS if the biodiesel mandate is less binding than the 
advanced mandate.
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A diagram of the US biofuels models is presented below.  The US biofuels sector is made up of 

ethanol, biodiesel, and renewable diesel.  Although there are many state mandates, the 

diagram illustrates the national Renewable Fuel Standard (RFS) and the California Low Carbon 

Fuel Standard (LCFS).  The RFS is enforced through the supply and demand of RINs with RIN 

values reflected in the plant or wholesale prices of the various biofuels.  RIN values increase if 

more biofuel production needs to be incentivized to meet the annual volume obligations set by 

the Environmental Protection Agency.  Simultaneously, the California LCFS requires specific 

reductions in carbon emissions from transportation fuel use.  The program works through a 

system of carbon debits and credits.  Fossil fuels generate debits which must be offset by 

credits which are generated by a variety of sources including biofuels.  For biofuels, carbon 

credits are calculated based on the carbon intensity of each feedstock pathway.  Biofuel 

producers are incentivized by the carbon price which creates a different incentive for each 

feedstock pathway based on the carbon intensity of that pathway.   The LCFS allows other non-

biofuel renewable fuel sources such as electric cars to generate carbon credits.  The WAEES 

models include specific assumptions about the other sources of carbon credit generation based 

on the California Air Resources Board’s Illustrative Compliance Scenarios model released in 

2018.   

Although neither of these policies are detailed in the diagram below, the influence of the RFS 

and California LCFS can be seen in the diagram.  Each of the biofuels includes the incentive (net 

returns) provided by each feedstock pathway for biofuels produced for California use or 

biofuels produced to meet the national RFS.  Biofuels produced for the California LCFS get the 

US Biofuels Mandates in 2022

Implied Conventional 
Mandate

15 billion gallons

Renewable Fuel Mandate
36 billion gallons

Specific Advanced 
Mandate

21 billion gallons

Biodiesel Mandate

1 billion gallons

Cellulosic Mandate

16 billion gallons

Unspecified Other 
Advanced Mandate

4 billion gallons

• EPA has waived the cellulosic mandate in 2011 and 2012 because 
cellulosic biofuels are still very expensive to produce.  

• While the cellulosic mandates has been waived, the overall advanced 
mandate continues to be retained forcing more demand for other 
advanced fuel feed stocks such as biodiesel and sugarcane ethanol.
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extra boost of the LCFS carbon price translated into a per gallon value based on the carbon 

intensity of the feedstock pathway.  Biofuels produced for the national RFS but not used for the 

California LCFS do not realize the incentives from the LCFS carbon price.  Since there are 

stronger incentives in the California LCFS, feedstocks compete to fill the California LCFS 

requirements first.  Biofuels produced for the California LCFS also count towards the volume 

obligation requirements under the RFS.   

RIN values are the primary method to incentivize biofuel production outside the California 

system.  There is an interaction between RIN values and the California LCFS Carbon price in the 

model.  The presence of the LCFS carbon price tends to reduce RIN values because it creates 

incentives to expand biofuels supply.  If the LCFS carbon price weakens, RIN values tend to 

increase to the extent needed for the national RFS compliance.  The LCFS carbon price is 

influence by the carbon debits created by fossil fuel use as well as credits generation by non-

biofuel and biofuel sources.   For example, stronger adoption of electric cars results if fewer 

carbon credits demanded from biofuels and lower LCFS carbon prices. 

Biodiesel and renewable diesel are separated on the supply side because they each experience 

different incentives based on the biodiesel and renewable diesel price as well as the feedstock 

pathway.  In both cases the LCFS carbon price provides an extra return to biofuel producers 

(producing for the California LCFS) specific to the carbon intensity of the feedstock pathway.  

However, renewable diesel also enjoys an addition price premium due to its full fungibility with 

petroleum.  Generally, this results in stronger incentives to expand renewable diesel production 

than biodiesel production.  Each feedstock pathway then has an associated supply curve 

captured by the model driven by the net returns of the pathway.  Note that feedstock prices 

will increase as more feedstock are demanded reducing the profitability of the affected 

pathway.  The supply and demand of each biofuel feedstock as well as substitution across 

feedstocks determine the feedstock price.    

The total supply of each biofuel is determined by the underlying supply curves for each 

feedstock pathway.  The demand for ethanol, biodiesel, and renewable diesel is determined by 

the RFS and LCFS credits required from biofuels.  Higher blend ethanol uses also compete on 

price and fuel economy.  Large adoption of higher ethanol blends is generally not incentivized 

under the current national RFS policy, but the CA LFCS does provide enough incentive that is 

likely that E15 blends can be attained in California.  Based on the U.S. Department of Energy, 

Energy Information Administration projections of falling motor gasoline consumption, the 15-

billion-gallon volume obligation for conventional biofuels would seem to push ethanol through 

the 10 percent blend wall.  However, this will depend on the extent to which renewable diesel 

production growth is incentivized by the LCFS possibly resulting in Diesel RINs being used to fill 

the convention RIN volume obligation.
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Appendix B – Scenario Summary Tables  

 

Results for the Baseline 

 

 



WAEES, Copyright 2021, All Rights Reserved Page 35 

 

 

 

 



WAEES, Copyright 2021, All Rights Reserved Page 36 

 

 

 

 



WAEES, Copyright 2021, All Rights Reserved Page 37 

 

 



WAEES, Copyright 2021, All Rights Reserved Page 38 

 

 



WAEES, Copyright 2021, All Rights Reserved Page 39 

 

 

 

 



WAEES, Copyright 2021, All Rights Reserved Page 40 

 

 

 



WAEES, Copyright 2021, All Rights Reserved Page 41 

 

 



WAEES, Copyright 2021, All Rights Reserved Page 42 

 

  



WAEES, Copyright 2021, All Rights Reserved Page 43 

 

Results for NZ-Guardrail 13% Scenario 
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Table Results for NZ-Guardrail 20% ZEV Scenario 
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Table Results for the NZ-Guardrail 20% LCIF Scenario 
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