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Executive summary: 
The world’s increasingly challenging weather has emphasised why decarbonising the global economy, 
particularly the transport sector, has to be a priority. While low-carbon intensive (CI) energy/electricity 
investments in wind and solar continue to increase, the transport sector (particularly long-distance transport) 
has proven difficult to decarbonise, with the oil and petroleum industries still providing the vast majority 
of the world’s fuels. Biofuels have played an important role in many countries’ transportation 
decarbonisation strategies, with policies such as mandates for ethanol blends performing an essential role. 
While biofuel policies have played and will continue to play an essential role in the growth of the biofuels 
market, the implementation and impact of these policies have had variable success regarding GHG emission 
reductions. For example, while it is relatively straightforward to mandate a 10% ethanol volumetric blend 
in gasoline, mandating a 10% reduction in the carbon intensity of transportation fuel has been more 
challenging to determine. In some cases, such as cellulosic ethanol, mandating its production and use, as 
occurred in the US, did not result in its full commercialisation. Those countries that have been the most 
successful in developing biofuels have used a mixture of market-pull and technology-push policies. In 
particular, “technology-agnostic” policies, such as California and British Columbia’s Low Carbon Fuels 
Standards (LCFS) have proven remarkably “catalytic” in expanding the production and use of low-CI fuels 
such as renewable diesel. 

Mandates have historically been based on the volume or the energy content of the biofuels, not their carbon 
intensity (CI). One of the reasons why policies such as the LCFS have proven to be successful is because 
they have encouraged the reduction in the carbon intensity of all fuels, including biofuels. However, policies 
such as the LCFS depend on accurately determining the carbon intensity of the fuels, with life cycle analysis 
(LCA) playing an essential role, whether it is from a Well-to-Wheel (W-t-W), Well-to-Tank (W-t-T) or 
Tank-to-Wheel (T-t-W) basis. As will be described in this issue of the BC-SMART newsletter, both the 
policies and LCA models used to produce and assess low-CI fuels have, and will continue to have a 
significant impact. 

While the US and jurisdictions such as the California Air Resources Board (CARB) are using LCA models 
such as GREET, British Columbia, and much of Canada have been using the GHGenius model with more 
“Canada-specific” data. The evolving Canadian Clean Fuel Regulations (CFR) has developed its own LCA 
model to assess the CI of fuels to greatly reduce the carbon footprint of Canada’s transport sector. 
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 However, for the long-distance transport sector such as aviation and marine that operate at international 
level, it is likely to be even more challenging to obtain agreement on the inputs and type of LCA model 
that will be used. Aspects such as indirect land use change (iLUC), the source of electricity used to produce 
the fuel, the source of hydrogen, etc., all influence how the carbon intensity of the fuel will be determined. 
Despite these challenges, the members of organisations such as the International Civil Aviation 
Organisation (ICAO) and the International Maritime Organisation (IMO) have acknowledged that they 
need to decarbonise their operations, with the recognition that policies and the LCA models used to assess 
the effectiveness of carbon reduction will play key roles, if these sectors are to meet their 2030 and 2050 
GHG reduction targets. This issue of the BC-SMART newsletter briefly discusses the opportunities and 
challenges regarding the policies and LCA models needed to successfully decarbonise transport. 
 

 

Setting the Scene: 
 
British Columbia and Canada are blessed with abundant natural resources that can help them become global 
leaders in clean energy production and use. As well as feedstock assets, Canada has a skilled workforce 
and innovative organizations, with 13 Canadian companies featured in the global 2022 Global Cleantech 
100 (7 companies from British Columbia) (bcbusiness.ca). Over the last few years, Canada has made 
international and domestic commitments to transform its energy sector while remaining a stable and reliable 
energy supplier at home and to the world. For example, Canada plans to reduce greenhouse gas emissions 
by 40-45% from 2005 levels by 2030. This is considerably more ambitious than the previous target of a 
30% reduction outlined in the Paris agreement (Figure 1). Another example is the Canadian Net-Zero 
Emissions Accountability Act, which became law in June 2021 and describes how Canada plans to achieve 
net-zero emissions by 2050 (Source: Canada.ca). 
 

  
Figure 1: Canada’s greenhouse gas emissions by sector, from 1990 to 2030 outlooks (Source: IEA, 2022) 

 
However, achieving these reduced CI targets presents both challenges and opportunities, given the 
country’s profile as a major producer, consumer and exporter of energy. As is increasingly recognised, 

https://www.bcbusiness.ca/7-BC-companies-make-new-Global-Cleantech-100
https://www.canada.ca/en/services/environment/weather/climatechange/climate-plan/net-zero-emissions-2050.html
https://iea.blob.core.windows.net/assets/7ec2467c-78b4-4c0c-a966-a42b8861ec5a/Canada2022.pdf
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 policy will play a key role in decarbonisation strategies with countries developing a number of “enabling” 
policies such as ambitious carbon-pricing schemes, clean fuel regulations, a commitment to phase out coal 
use by 2030, nuclear plant extensions, upstream methane regulations, energy efficiency programmes and 
measures to decarbonise the transport sector, to name just a few. As discussed in more detail, several of 
these policies are focused on decarbonising the transport sector with BC’s low carbon fuels standard 
(LCFS) and Canada’s Clean Fuel Regulations (CFR) both highly dependent on using LCA to estimate the 
carbon intensity of the final fuels.  

The recently released Pan-Canadian Framework (PCF) on Climate Change and Clean Growth has set a 
minimum carbon price and lays out a series of steps that the Provincial and Federal governments will need 
to take to reduce the country’s GHG emissions by 30% by 2030 (below 2005 levels) (read more). The 
pathway the country will likely need to take to meet the PCF targets is summarised in Figure 2, with carbon 
pricing playing a major role. The PCF is a flexible system that will allow each jurisdiction to develop its 
own emissions reduction policies and programs with the support of federal investments. The framework is 
focused on pricing carbon pollution, developing further complementary measures to reduce emissions 
across the economy, adapting to the impacts of climate change while building resilience and accelerating 
innovation and supporting clean technology while creating jobs (read more). 

 

 
Figure 2: The pathway to meeting Canada's 2030 target, based on the Pan-Canadian Framework (PCF) (source: 
scics.ca) 

More recently, Canada released the Strengthened Climate Plan, which includes $15 billion in new 
investments in clean growth and climate change and aims to further reduce emissions by at least 85 Mt 
beyond the reductions resulting from the PCF. It is projected that additional reductions of 32-40% below 

https://climateactionnetwork.ca/issues/the-pan-canadian-framework/
https://www.canada.ca/content/dam/themes/environment/documents/weather1/20161209-1-en.pdf
https://www.canada.ca/content/dam/themes/environment/documents/weather1/20161209-1-en.pdf
https://www.canada.ca/en/department-finance/news/2021/04/budget-2021-a-healthy-environment-for-a-healthy-economy.html
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 2005 levels by 2030 could be achieved (read more). As discussed below, the Clean Fuel Regulations (CFR) 
will be a key component of Canada’s plans to reduce emissions and accelerate the use of clean technologies 
and fuels while supporting sustainable jobs in a diversified (bio)economy.  
 
Policies that have encouraged the production and use of low-CI 
transportation biofuels in Canada 

 
1.1. The Federal Clean Fuel Regulations (CFRs) 

 
The Clean Fuel Regulations (CFRs) were first announced in 2016 as part of the Pan-Canadian Framework 
(PCF). They form an integral part of Canada’s Climate Plan, announced at the end of 2020. The regulation, 
which will come into effect this year (2022), will require liquid fossil fuel (e.g. gasoline, diesel) suppliers 
to gradually reduce the carbon intensity of the fuels they import or produce. This should result in a decrease 
of approximately 13% (below 2016 levels) in the carbon intensity of liquid fuels by 2030. A $1.5-billion 
Clean Fuels Fund is one of the measures the government has introduced to encourage domestic production 
of low-carbon fuels (read more). It is estimated that the CFR will reduce GHG emissions by more than 20 
Mt by 2030 while providing incentives to switch to low-CI fuels and technologies through a market-based 
approach. It is hoped that the CFR will complement carbon pricing through a more targeted approach, 
resulting in the transformation of the fuel sector and longer-term decarbonisation.  

It should be noted that the CFR carbon intensity requirements only apply to liquid fossil fuels used 
domestically, not to exports (read more). The final version of the CFR was published in July 2022 with the 
proposed regulations retaining the minimum volumetric requirements (at least 5% low CI fuel content in 
gasoline and 2% low CI fuel content in diesel fuel and light fuel oil) which are described in the federal 
Renewable Fuels Regulations (RFR) (read more). 
  
1.2. Renewable Fuel Requirements 

 
The federal Renewable Fuels Regulations (RFR) require petroleum fuel producers and importers to have 
an average renewable content of at least 5% ethanol based on the volume of gasoline, and an average 
renewable content of at least 2% biodiesel based on the volume of diesel fuel and heating distillate oil. 
Although one of the goals of the RFR was also to reduce overall GHG emissions from gasoline and diesel 
fuel, this aspect is not currently assessed within this particular regulation. It should also be noted that there 
are exemptions for “special” fuels (e.g. those used in aircraft, competition vehicles and military combat 
equipment), for fuel used in northern regions, fuels which are exported, fuels used for space heating 
purposes and fuels produced by the province of Newfoundland and Labrador. Five provinces (British 
Columbia, Alberta, Saskatchewan, Manitoba, and Ontario) already have renewable fuel requirements equal 
to or higher than the current federal requirements set in the RFR. Some jurisdictions (e.g. Alberta, Ontario) 
also require that the renewable fuels utilised meet a specific GHG performance standard.  

As mentioned earlier, mandates remain one of the most widely adopted policies that have been successfully 
used internationally to increase biofuels use in the transport sector. Various types of biofuel mandates have 
been successfully used in many countries, although they are not technology agnostic. Globally, 64 countries 

https://www.canada.ca/en/services/environment/weather/climatechange/climate-plan/climate-plan-overview/healthy-environment-healthy-economy.html
https://www.canadianbiomassmagazine.ca/a-look-at-canadas-low-carbon-fuel-policies-and-production/
https://www.osler.com/en/resources/regulations/2022/canada-s-new-clean-fuel-standard-obligations-for-liquid-fuel-suppliers-and-opportunities-for-low-c
https://gazette.gc.ca/rp-pr/p1/2020/2020-12-19/html/reg2-eng.html
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 currently have biofuels mandates and targets (read more), which have helped establish biofuel markets and 
shielded biofuels from low oil prices. However, successful mandates have needed ongoing enforcement 
and other accompanying measures, as described in more detail (Ebadian et al. 2020). For example, 
“technology-push” policies have provided funding for technology development at the research, pilot, 
demonstration and pre-commercialization scales to de-risk technology development and deployment. In a 
complementary fashion, “market-pull” policies have helped increase market penetration and the cost-
competitiveness of biofuels. Market-pull policies usually support biofuels that are proven and follow close-
to-the-market technology pathways. 
  
1.3. The Low Carbon Fuel Standards (LCFSs)    

 
LCFS types of policies, which are currently used in California, Oregon (soon, the state of Washington) and 
British Columbia, have “incentivised” a reduction in the carbon intensity of all transportation fuels 
(including fossil fuels and biofuels), rather than mandating defined volumes or blending levels. As well as 
encouraging more efficient production of conventional biofuels such as ethanol, LCFS-based policies have 
also stimulated the development and production of lower carbon intensity “drop-in” fuels, such as 
renewable diesel, by increasing their market value. Under LCFS-type policies, fuels that can be produced 
at a lower carbon intensity compared to their petroleum-based counterparts (gasoline and diesel) generate 
higher carbon credits (read more). This translates into higher market values for these fuels. Although not 
exactly LCFS policies, Germany and Sweden have also implemented GHG emission quota obligations for 
biofuels use in their transport sectors. It should be noted that, as LCFS-type policies are based on the carbon 
intensity of the fuels, accurate LCA is a key component, with the system boundaries, e.g. Well-to-Wheel, 
defined when calculating the carbon intensity of the fuel through its whole life cycle of production. Some 
of the components of the various LCFS policies are summarised in Figure 3. 
 

 
Figure 3: Carbon policies (federal and provincial in Canada and the USA (Source: rbnenergy.com) 

 

https://task39.sites.olt.ubc.ca/files/2020/02/IEA-Bioenergy-Task-39-Implementation-Agendas-Final-Draft-Executive-Summary-Feb-4-2020.pdf
https://www.sciencedirect.com/science/article/pii/S0301421520306182?casa_token=3JVrSo4Jjg4AAAAA:ZH2Lho5rg5keGjiblB6YkRpg6bHKYW_j6th3eLXzA5v_cnAQAlOzo9EnDODXv_nb9R2kIqnMcOjv
https://task39.sites.olt.ubc.ca/files/2022/06/IEA-Bioenergy-Task-39-Implementation-Agendas-Final-Draft-Feb-4-2020-Without-Map.pdf
https://rbnenergy.com/come-clean-part-5-why-everyones-talking-about-renewable-diesel
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 British Columbia’s Low Carbon Fuel Standard (BC-LCFS) has successfully reduced BC’s transport-
derived annual greenhouse gas emissions by an average of 6% per year between 2010 and 2020. The policy 
will also help the province reduce its carbon emissions by a further 31%, allowing it to meet its 2030 
greenhouse gas reduction targets. It is worth noting that proposed changes to the Low Carbon Fuel Standard 
will make the regulation even stronger and will include an assessment of the carbon intensity of jet and 
marine fuels. This will impact the long-distance transport sector as fossil jet and marine fuels are estimated 
to account for 51% of British Columbia’s transportation greenhouse gas emissions in 2050 (read more), 
with the carbon intensity of all transportation fuels calculated using the GHGenius LCA model.  

California Low Carbon Fuel Standard (CA-LCFS) is a “pioneering” policy that has encouraged the 
production and use of low carbon intensity (CI) fuels since 2009 (read more). As summarised in Figure 4, 
the reduction in carbon emitted by California’s transport sector over 2011-2021 is quite impressive! 

 

 

Figure 4: Performance of California Low Carbon Fuel Standard (CA-LCFS) during 2011-2021, (Source: 
arb.ca.gov) 

Note: This figure shows the percent reduction in the carbon intensity (CI) of California’s transportation fuel pool. The LCFS 
target was to achieve a 20% reduction by 2030 by setting a declining annual target, or compliance standard. The compliance 
standard was frozen at 1% reduction from 2013-2015 due to legal challenges. The years in which more alternative fuels than 
needed to meet the compliance standard (black line) that were brought to market (green line) resulted in banked credits. 
Banked credits can be used in future years to meet the standard, such as in 2020.  

 

Another indication of the “catalytic” influence of LCFS type policies is how various US refiners have 
invested in the production of lower CI fuels (Figure 5). 

https://climateinstitute.ca/british-columbias-low-carbon-fuel-standard
https://ww2.arb.ca.gov/our-work/programs/low-carbon-fuel-standard/about
https://ww2.arb.ca.gov/resources/documents/lcfs-data-dashboard
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Figure 5: US refiner’s renewable fuel footprint (Source: Ag Web Journal) 

 

 

The overall influence of California’s LCFS (CA-LCFS) is summarised in Figure 6.  

 

 
Figure 6: How the California LCFS has increased the production of drop-in/advanced biofuels (Source: arb.ca.gov) 
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https://www.agweb.com/news/policy/politics/sustainable-aviation-fuel-and-renewable-diesel-may-be-ticket-eliminating-us
https://ww2.arb.ca.gov/resources/documents/lcfs-data-dashboard
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 The main takeaways from the data summarised in Figure 6 are: 

• The volume of low carbon fuels consumed in California increased from 1,152 million gasoline 
gallon equivalent (GGE) in 2011 to 2,718 GGE in 2021 (more than double).  

• Renewable diesel production experienced the fastest growth, increasing from 2 million gasoline 
gallon equivalent (GGE) in 2011 to 1,049 million GGE in 2021. 

 

The CA-GREET model is a California-specific version of Argonne National Laboratory’s GREET LCA 
model. The company Life Cycle Associates developed the original model for the California Air Resources 
Board (ARB), basing it on the format and data within the Transportation (GREET) model version 1.8b 
(read more). Similar to BC’s LCFS, LCA is a key component that is used to ensure a reduction in the carbon 
intensity of fuels. 

However, despite good progress in jurisdictions such as BC and California, and as summarised in Table 1, 
there is still considerable variation in how the carbon intensity regulations/standards in North America have 
been developed, implemented and assessed. 

 

Table 1: Comparison of fuel carbon intensity regulations/standards and tools in North America 

Jurisdiction 
 

Policy name Base 
year 

Year of 
regulation start 

2030 average CI 
reduction target 

Fuel LCA tool 

California Low Carbon Fuel 
Standard (CA-

LCFS) 

2010  2011 -20% CA- GREET 

British 
Columbia 

Low Carbon Fuel 
Standard (BC-

LCFS) 

2010 2011 -20% GHGenius 

Canada  Clean Fuel 
Regulations 

(CFR) 

2016 2022 (Dec.) -12.5% Fuel LCA model of 
Government of Canada 

(ECCC) 
 

 
2. Life Cycle Assessment, a key component of low carbon fuel policies  

 
As described earlier, and as very briefly described here, measuring the CI of a fuel is complicated and 
includes the “direct” effects of producing and using the fuel, as well as “indirect” effects such as the 
feedstock used to make the low-CI fuel. An effective LCA includes all components of the supply chain, the 
“global warming impact” of energy systems used to make the fuel, the GHG emissions (particularly CO2, 
CH4, and N2O) emitted in the fuel production, and many other aspects.  

 

  

https://www.lifecycleassociates.com/lca-tools/ca_greet/
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 2.1. The GREET LCA model 
 

The GREET (Greenhouse gases, Regulated Emissions, and Energy use in Transportation) model used by 
CARB was initially developed by the Argonne National Laboratory (U.S. Department of Energy's Office 
of Energy Efficiency and Renewable Energy) It is primarily used to evaluate the energy and emission 
impacts of transportation fuels. The model assesses fuels from WTW as well as the “vehicle production-
and-use” cycle, from material production/recovery to vehicle disposal. It allows the evaluation of various 
vehicle and fuel combinations on a full fuel-cycle/vehicle-cycle basis (read more). The CA-GREET 
calculations are summarised in spreadsheets which are publicly available and not user-protected. The user 
can download the spreadsheet, modify any of the inputs, or formulate and observe the effects on the results 
and intermediate calculations. The CA-GREET fuel sheets follow the same spreadsheet structure as the 
original GREET model (read more). 

The inventory data within the CA-GREET model is derived from many sources, including the California 
Energy Commission documents used to support AB1007. Additional GREET data is derived from Argonne 
National Laboratory publications, the U.S. DOE Energy Information Administration (EIA) and the U.S. 
Environmental Protection Agency (EPA). It should be noted that the CI values coming out of the GREET 
model are influenced by both the inputs and the calculations used within the model. For example, the way 
in which co-products and the distribution of energy inputs and emissions to different fuel types are allocated 
will all influence the final values reported (read more). 

 

2.2. The GHGenius LCA model 
 

As mentioned earlier, the GHGenius model is used by BC to assess the CI of fuels used in the province and 
is an essential component of the LCFS. GHGenius is also a spreadsheet-based model which uses “Canada-
specific” as well as international data and processes. The model was developed by (S&T)2 Consultants, 
with initial support from Natural Resources Canada, and it is used to determine the energy and emissions 
associated with fossil/low-CI fuels. The GHGenius model considers “traditional” greenhouse gases as well 
as CFC-12, HFC-134a and other pollutants and aggregates the greenhouse gas emissions to a total g CO2e 
value.  

As the model workbook is organised to use numerous detailed worksheets, tracing the input parameters 
through the calculations to the finished results can be quite onerous. However, the model presents Well-to-
Tank (WTT) results by fuel pathway component (disaggregated results), which is a feature lacking in the 
GREET model. The GHGenius model includes many alternative fuel pathways and can assess the fuels 
used by light-duty vehicles, class 3 to 8 heavy-duty trucks, urban buses, light-duty Battery Electric Vehicles 
(BEVs) and Fuel Cell Vehicles (FCVs). There are currently more than 200 vehicle, fuel, and feedstock 
combinations (pathways) that are considered within the current model. Currently, GHGenius has been 
successfully used to assess three sub-regions of Canada (east, central, and west), the United States, Mexico 
and India. Regarding its use in Canada, much of the data within the model is derived from Statistics Canada, 
Natural Resources Canada, Environment Canada, the National Energy Board, the Canadian Association of 

https://greet.es.anl.gov/homepage2
https://www.lifecycleassociates.com/lca-tools/ca_greet/
https://www.lifecycleassociates.com/lca-tools/ca_greet/
https://ghgenius.ca/index.php?option=com_content&view=article&id=26&catid=2
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 Petroleum Producers and the Canadian Gas Association. The emissions from vehicles using fossil fuels in 
Canada were derived from the Environment Canada model Mobile 6.2C (read more). 

 

2.3. The Environment and Climate Change Canada’s (ECCC) LCA model  
 

As part of Canada’s plan to significantly reduce its carbon emissions, Environment and Climate Change 
Canada (ECCC) has been developing its own LCA model, primarily to assess the success of the federal 
Clean Fuels Regulations (CFR).   

 The model is designed to: 

• Provide transparent and traceable CI calculations, 
• Describe Canadian fuel production pathways by using up-to-date Canadian and worldwide data, 

where available, 
• Follow the guidelines outlined by the International Standards Organization (ISO), particularly 

standards 14040 and 14044 
• Be used for a number of Government of Canada greenhouse gas (GHG) policies and programs to 

inform and support their development 
 

ECCC’s LCA Model and methodology were released in June 2022 (download here) with the 
database/datasets collected from publicly available sources such as scientific articles, (S&T)2 Consultants, 
California Energy and EPA, National Energy Board, National Inventory report, Statistics Canada, US EPA, 
US EIA, IEA, etc. Each pathway is divided into the five life cycle stages of Extraction, Transportation, 
Conversion, Fuel Distribution and Combustion. The ECCC model uses Open LCA software which is used 
to assess overall sustainability and Life Cycle Assessment (OpenLCA).  

Several changes were made between the pre-published version and the formal publication of the LCA 
Model. For instance, canola, soybean and camelina oils have been removed from the Data Library. It is 
now suggested that to model an oil feedstock produced from oilseeds, users should use one of the 
configurable processes (e.g. “Oil, from oilseed, Extracted at Processor, configurable A”) found in the 
Processes/Fuel Pathways/Configurable processes/Oil from oilseed folder in the openLCA. Co-processing 
of lipids in refineries is another aspect which is covered in the CFR and, consequently, the ECCC model.  

 

 

 

 

 

 

 

https://www.lifecycleassociates.com/lca-tools/hah/
https://www.canada.ca/en/environment-climate-change/services/managing-pollution/energy-production/fuel-regulations/clean-fuel-regulations.html
https://data-donnees.ec.gc.ca/data/climate/framework/fuel-life-cycle-assessment-model/English/Fuel%20LCA%20Model%20(latest%20version)/?lang=en
https://www.openlca.org/
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 2.4. A brief comparison of the North American Fuel LCA models  
 

As summarised in Table 2, there are differences between the GREET, GHGenius and the ECCC LCA 
models. 

Table 2: A comparison of Fuel LCA Models in North America 

  Fuel LCA ECCC BC-LCFS* CA-LCFS* 
Geographical representation Canada B.C./Canada California/USA 
Calculator  Fuel LCA (Open LCA) GHGenius  CA-GREET 3.0  
Use of default values  Default values are provided  Allowed in case of data 

gap 
Producers must provide, 
specific values for ethanol 

Functional unit gCO2eq. MJ-1 (HHV) gCO2eq. MJ-1 gCO2eq. MJ-1 
Approach Boundaries Attributional LCA  Attributional LCA  Attributional LCA  
Characterization Factor GWP 100 AR5 IPCC GWP 100 AR4 IPCC GWP 100 AR4 IPCC 
Allocation procedure Energy-based allocation/ Mass-

based allocation/ Cut-off 
allocation / Avoided product 
allocation (system expansion)/ 
Causal allocation 

Displacement of 
coproducts emissions 

Mass and energetic. 
Displacement of coproducts 
emissions 

Biomass Feedstock Animal fats, Field peas, Barley, 
Corn, Sorghum, Wood pellets 
Wheat, durum, Wheat non durum, 
Sugarcane (BR), Generic waste, 
biogenic 
Generic waste, non-biogenic, 

Algae, Barley, Camelina, 
Canola, Corn, Fish, Hay, 
Jatropha, Palm, Peas, 
Sorghum, Soybean, 
Sugarcane, Switchgrss, 
Wheat, Wood 

Algae, Camelina, Canola, Corn, 
Forage sorghum, Grain 
sorghum, Jatropha, sorghum, 
Miscanthus, Palm 
Poplar, Soybean 
Sugarcane, Sweet Switchgrass 
Willow 

Residues Feedstock Agricultural residues 
Wood fibre, co-product from 
sawmill, Wood chips from 
unmerchantable logs, Yellow 
grease from UCO 

Corn stover, Forest 
residues, Sludge oil, 
Waste cooking oil, 
Wheat straw, Wooden 
mill residues  

Animal fat, Black liquor, Corn 
stover, Manure, Solid waste, 
Used cooking oil, Wood/ Forest 
residues 

Fuel pathways Bioethanol (1G, 2G) and co-
products, Biodiesel and co-
products, Biogas (AD and 
Landfill), Configurable processes,  
biogenic Carbon capture, 
Renewable hydrocarbon (Diesel, 
Gasoline, Naphtha, Propane, SAF, 
RNG (AD and landfill. Hydrogen 

1G ethanol, 2G ethanol, 
Biodiesel, Compressed 
natural gas, Diesel 
(petroleum/ biomass), 
Electricity, Gasoline 
(petroleum/ natural 
gas/biomass, ) Hydrogen, 
Hydrotreated renewable 
fuels, LNG, LPG,  
Propane 

1G ethanol, 2G ethanol, 
Biodiesel, - CARBOB gasoline, 
CNG, Diesel, Electricity, 
Fischer-Tropsch fuels, 
Hydrogen, LNG, Methanol, 
Propane 
Renewable diesel, gasoline and 
jet fuel 

Land use change emissions 
parameters 

Direct land use change only 
modelled for Canadian crops. 
Indirect land use change is 
excluded  

Account for land use 
change emissions, 
modelled with 
GHGenius. Indirect land 
use change is excluded 

Account for land use change 
emissions, modelled with 
GTAP/AEZ-EF**. 

*: Source: de Souza et al. 2021. 
**: GREET 2013 and 2015 calculate land use change (LUC) GHG emissions using its CCLUB module (Carbon 
Calculator for Land Use change from Biofuel production), which operates based on economic equilibrium CCLUB 
estimates direct and indirect LUC GHG emissions using four LUC-relevant models which include Purdue 
University’s Global Trade Analysis Project (GTAP (Source: Obnami et al, 2019) 
 

https://www.mdpi.com/2071-1050/13/18/10371
https://www.sciencedirect.com/science/article/pii/S0306261918316581
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One aspect that should be considered is that the ECCC LCA model is more recently developed, while the 
GREET and GHGenius models have had more than a decade of development and use. Although the ECCC 
model is based on Open LCA, which is a more “wide-spread” software that might attract more users, it 
currently lacks the details that the other models have used to better “populate” the assumptions, pathways, 
feedstocks, etc., that has benefitted these models. In addition, the ECCC LCA model is designed to support 
policies at a national level, while GREET and GHGenius have been predominantly used to assess the 
effectiveness of policies at a provincial/state level.  

A recent study was commissioned by IEA Bioenergy Task 39 to increase our understanding and confidence 
in the accuracy of the LCA models used to assess low carbon fuels. Four internationally-recognized LCA 
models were compared, including the U.S. GREET, Canada’s GHGenius, Europe’s BioGrace and Brazil’s 
Virtual Sugarcane Biorefinery (VSB) models, and another model the European Commission is currently 
developing. One goal was to identify the main differences and commonalities, to see how their various 
assumptions and methodologies influenced the CI estimates. 

One significant observation was that, once the various assumptions within the different models were 
standardized, the models gave quite comparable results. For example, when using the VSB model’s 
assumptions and parameters, the CI of producing fatty acid methyl ester (FAME) biodiesel resulted in all 
of the models producing quite similar results (Figure 7).  

 
Figure 7: The influence of “harmonizing” the assumptions and default values of the studied LCA models on the 

estimated CI of soybean FAME production (Source: IEA Bioenergy Task 39) 

 

 

https://task39.sites.olt.ubc.ca/files/2019/07/IEA-B-T39_Summary_LCA-Project.pdf
https://task39.sites.olt.ubc.ca/files/2019/07/IEA-B-T39_Summary_LCA-Project.pdf
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The remaining small differences between the models’ primarily reflected minor, unharmonized factors. 
This work showed that it was primarily the default values within the models, and the related assumptions 
within the models, that lead to the apparent discrepancies. Once the assumptions were harmonized, the 
models estimated similar CI values for a given fuel. Given the international scope of sectors such as marine, 
aviation, rail and trucking, it will be important for the LCA models to be harmonized, including reaching 
an agreement on aspects such as the default values that are used.  

 

3.0 International efforts to develop LCA models to assess the 
decarbonisation of long-distance transport 
 

Recent progress has shown that “technology-agnostic” policies such as LCFS can be very effective in 
decarbonising transport, with LCA models playing an important role in showing how carbon emissions 
have been reduced (e.g. jurisdictions such as BC and California). However, work by groups such as IEA 
Bioenergy’s Task 39 has shown (read more) that when differences in the outputs of various LCA models 
(from the US, Canada, EU and Brazil) are compared, the “devil is in the details”. For example, factors such 
as the regional source of electricity, default values, etc., all influence the CI values that are reported for the 
fuel. At an international level, groups such as the International Civil Aviation Organization (ICAO) and the 
International Air Transport Association (IATA) have been at the forefront of developing ways of assessing 
the decarbonisation of aviation with organisations such as the Roundtable on Sustainable Biomaterials 
(RSB) and International Sustainability and Carbon Certification (ISCC) developing ways to better “certify” 
the carbon intensity of the fuels that are used. Similarly, organisations such as the International Maritime 
Organisation (IMO) are looking into ways of decarbonising shipping, with the added complication that 
alternatives, such as low CI electricity, methanol, ammonia or bio/renewable diesel can also be used. This 
contrasts with aviation’s likely dependency on just low CI drop in biofuels for the immediate future. It 
should be noted that the IMO is currently developing lifecycle GHG/carbon intensity guidelines for all 
types of marine fuels.  

Although challenging, successes in jurisdictions such as California and BC have shown how a combination 
of “enabling” policies and effective LCAs can bring oil companies, feedstock/technology providers, most 
components of the transport sector, etc., together, with the goal of successfully decarbonising transport, 
particularly long-distance transport. 

 
 
 
 
 
 
 
 

https://task39.sites.olt.ubc.ca/files/2020/02/Task-39-Phase-2.2-Ethanol-2G-Comparison-of-Biofuel-Life-Cycle-Analysis-Tools.pdf
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4.0 Conclusions 

 
Enabling policies have played, and continue to play, an essential role in growing biofuels markets, with an 
increasing focus on their ability to decarbonise transport. Although many past-and-current policies have 
been based on the volume or energy content of the biofuels, more recent policies, such as the LCFS, require 
a quantitative assessment of how decarbonisation was achieved. These policies require LCA, which has 
been successfully used in jurisdictions such as BC and California. However, the different LCA models, 
although providing invaluable information, sometimes resulted in disparate results due to differences such 
as the default values used, source of electricity/feedstock, local conditions, etc. Although well-established 
LCA models such as GREET and GHGenius have proven effective in more “regional” jurisdictions, at a 
national or international level, the “devil is in the details”, and will likely prove challenging for both the 
modelers and legislators. For example, the Canadian Clean Fuel Regulations (CFR) is developing an LCA 
model which will be used to assess the carbon intensity (CI) of fuels, with the goal of greatly reducing the 
carbon footprint of Canada’s transport sector. The ECCC model is based on Open LCA which is a more 
“wide-spread” software with the hope it will attract more users. However, as has been found with GREET, 
GHGenius, BioGrace and other biofuels LCA models, the key data, such as the various assumptions/default 
values, pathways, feedstocks, etc., significantly impact the results, particularly the impact of “local 
conditions”. As discussed, the focus on decarbonisation, rather than volume/energy content, is laudable and 
the policy and LCA modelers continue to refine their work. With BC-SMART focused on decarbonising 
the long-distance transport sector, we will continue to monitor both the policies and the LCA models used 
to encourage the production and use of the fuels used by marine, aviation, rail and trucking (MART) as 
they will be important “facilitators” if groups such as ICAO and IMO are to meet their decarbonisation 
targets. 
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If you would like to be part of the “Coalition of the Willing” and continue to receive our 
newsletter and occasional updates about BC-SMART consortium, please contact us at: 

 

BC-SMART secretariat 

Dr. Mohsen Mandegari 

Email: m.mandegari@ubc.ca 

mailto:m.mandegari@ubc.ca

