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Preface  

The International Energy Agencyõs Bioenergy Technology Collaboration Programme (IEA Bioenergy TCP), 

Task 39 (Transport Biofuels) (i.e. ,  IEA Bioenergy Task 39) has been evaluating the effectiveness of 

technology-push and market-pull policies to encourage the production and use of transport biofuels in 

member countries  since 2007. This evaluation has been a central part of a regular report, entitled 

òImplementation Agendas- compare and contrast policies used to develop biofuels  marketsó, (abbreviated 

to the  òImplementation Agendasó report). The Implementation Agendas report is a collective effort 

between the Task 39õs member countries . It  summarises each countryõs current biofuels policies, assesses 

the market penetration of biofuels and , more importantly, compare s-and-contrast s the relative success 

of the various policies used to promote transport biofuels development and use. The information  discussed 

in the Implementation Agendas report is based on the data collected via a questionnaire sent to each 

Task 39 country representative in 2020 . The collect ive responses were compiled and used to update the 

country specific chapters . A copy of th e questionnaire is provided in Appendix B. 

This latest update describes the ongoing development s in biofuels markets and policies since the last 

report was published in February 2020 (click here). A summary of the updat ed additions  to t he report 

include:  

Å Additional  country chapters for India, Norway and Ireland, the countries that joined Task 39 in the 2019 -

2021 triennium  

Å Historical GHG emissions inventory data and the contribution that the  transport sector made to the 

national GHG emission inventory of each member countr y 

Å Historical biofuel  developments and the related GHG emissions policies in each member countr y 

Å Existing and emerging sustainability certification schemes for transport biofuels and feedstocks  

Å Compliance costs of biofuel policies (e.g. $/tCO2, $/GJ)  

Å Historical biofuels and feedstocks imports and exports  

Å Co-processing trials/demonstrations at oil refineries  

 

It should be noted that most of the information was provided by member countries in 2020. Thus, it  may 

not reflect more recent market and policy developments.  

 

 

 

 

 

 

 

 

 

 

 

http://task39.sites.olt.ubc.ca/files/2020/11/IEA-Bioenergy-Task-39-Implementation-Agendas-Final-Draft-Feb-4-2020.pdf
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Executive Summary  

IEA Bioenergy Task 39 has been assessing the measures taken by its member countries to develop or 
stimulate their respective biofuels sectors  since 2007, with the particular focus on biofuel policies. The 
overall goal of this assessment was to determine the extent to which policies ha d been effective in 
encouraging the production and use of transport biofuels. Task 39õs member countries represent a diverse 
range of regions, biofuels producers and consumers and include some of the key biofuel producing 
countries and regions in the world (e.g.,  US, Brazil, the European Union (EU)). This frequent assessment 
has been a central part of Task 39õs commitment to facilitate the commercialisation of low-carbon 
intensive transport biofuels. The increasing global production and use of biofuels plus the growing 
numbers of national and regional policies that support th e development of biofuels markets to 
decarbonize the transport sector  have been key components of the sector growth.  Five updates of the 
report have been published by Task 39 in the past including 2007, 2009, 2014, 2017 and 2019. This recent 
update describes ongoing developments in the biofuels sector and the successful policies used by member 
countries to facilitate the production and use of low -carbon-intensive biofuels .  
 
The main òtakeawayó messages from the 2019-2021 triennium update are:  
 
Biofuels con tinue to be a central component of national strategies focussed on decarbonis ing the 
transport sector  

The transport sector continues to be  the area with the lowest share of renewables  with  the oil and 
petroleum sector providing the vast majority  the worldõs transport ation fuels.  Oil and petroleum products 
constituted 96.7% of this fuel  (including 0.8% non-renewable electricity),  with only small amounts 
supplied by biofuels (3.0%) and renewable electricity (0.3%). Consequently, t he transportation sector 
accounted for nearly one -quarter of global energy -related greenhouse gas emissions in 2019.  
Despite the relatively minor  contribution of renewables, biofuels continue to be a central component of 
most countiesõ transportation decarbonization  strategies with b iofuels primarily used in the road 
transportation . The road transportation accounts for about 77% of the transportation sectorõs global 
energy use. 
 
Globally, biofuels production continue s to in crease  

Global production of transport biofuels has continued to increase, from about 64 million tonnes oil 
equivalent (Mtoe) in 2010 (~110 billion liters) to about 92 Mtoe in 2019 (~158 billion liters). Biofuels 
production grew at an average annual rate of 4% ove r the past decade. The highest annual growth rate 
was observed in the Asia-Pacific region, which grew at an annual rate of 16% over the period 2010 -2019. 
The Americas and Europe continued to have the highest shares of biofuels production. In 2019, North 
America, South and Central America and Europe had a global share of 39.4%, 28% and 16.1%, respectively.  
 
òConventional ó biofuels (i.e. ethanol/biodiesel) continue to dominat e the market but the production 
and use of drop -in biofuels (i.e. renewable diesel) has been growing rapidly  

The main biofuels produced globally are ethanol  and biodiesel (fatty acid methyl ester or FAME fuels) . 
Biofuels produced by treating animal and vegetable oils and fats with hydrogen (known as hydrotreated 
vegetable oil (HVO)/ hydrotreated esters and fatty acids (HEFA) biofuels /renewable diesel/ògreenó 
diesel) have experienced a significant growth in the last decade. It should be noted that there is  a growing 
contribution from biomethane in some countries such as the US, Sweden and G ermany. It is  estimated  
that  69% of biofuel production (in volume terms) was ethanol, 26% was FAME biodiesel and 5% was 
HVO/HEFA fuels in 2020. Although the use of biomethane as a transport fuel  is growing, it contributed 
less than 1% of total  biofuel use. HVO/HEFA fuels production has increased from about 265 million liters 
in 2007 to over 7,500 million liters in 2020; an average annual growth of 41%.  
 
Biofuel policies have , and will continue to play, an essential role in the growth of biofuel s market  

The steady growth of biofuels production and use has been catalysed by òenablingó biofuel policies. The 
policies have taken several forms, including blending mandates, excise tax reduction/exemption, 
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renewable or low carbon fuel standards, fiscal incentives , public financing , etc . These policies have been 
applied at different stages of the biofuels production and consumption chain , wi th most of the policies  
either  technology-push or market -pull types of policies. Technology -push policies typically help drive 
early-stage technology development such as research and development (R&D), demonstration and 
commercialization of biofuels. They have been primarily  used to help reduce the cost /risk  of research 
and development,  and help take early -stage technologies through the financial òvalley of deathó that 
exists between initial development and commercialization. In a complementary fashion, mar ket -pull 
policies have been primarily  used to support relatively mature technologies and create a demand for 
biofuels, such as òconventionaló biofuels (i.e., ethanol and biodiesel) and drop -in biofuels (i.e., 
HVO/HEFA fuels and biomethane).  
 
Biofuel blending mandates remain one of the most widely adopted mechanisms for increasing biofuels 
use in the transport sector  

Blending mandates have helped establish biofuels markets in many countries, primarily by shielding 
biofuels from low oil prices and facilitating the market entry. In addition to blending mandates for 
conventional biofuels, the US and some EU member countries, including Austria, Denm ark, Germany, 
Sweden and Netherlands have developed or are developing blending mandates for advanced biofuels. 
However, blending mandates alone have not been able to grow or even maintain some biofuel markets. 
The reasons why mandates have not worked well in some jurisdictions are varied and include a lack of 
feedstock (e.g., South Korea), high feedstock costs due to competing uses (e.g., Australia), shortage of 
infrastructure and food security and sustainability concerns such as indirect land use changes ( ILUC) (e.g., 
Japan). While biofuel mandates have been shown to reduce transport sector õs GHG emissions, mandated 
biofuel obligations are typically based on a biofuel volume or energy content rather than its 
decarbonisation potential. In other words, biofue l mandates alone have not always provided sufficiently 
strong incentives to spur producers to continue the innovation  to reduce the carbon intensity of the 
biofuels they produce. However, this market -pull policy will continue to be one of the primary polic y 
tools in the short -to-mid term for the production/use of transport biofuels.  
 
Low carbon fuel standard (LCFS) and the GHG emission quotas have proven to be a successful policy 
instrument to decarbonize the transportation sector by encouraging the reducti on of carbon intensity 
of all renewable fuels, especially advanced biofuels  

LCFS types of policies, which are currently in place in the US states of California and Oregon (and recently 
in the state of Washington) and the Canadian province of British Columb ia, incentivize the reduction in 
carbon intensity of transportation fuels including fossil fuels and biofuels (all fuels), rather than 
mandating defined volumes or blending levels. As well as encouraging on -going more efficient production 
of conventional b iofuels, LCFS-based policies have also stimulated the development and production of 
lower carbon intensity drop -in and advanced biofuels by increasing their market values. Under LCFS-type 
policies, fuels that can be produced at a lower carbon intensity com pared to their petroleum -based 
counterparts (gasoline and diesel) generate higher carbon credits. This translates into higher market 
values for these fuels. In contrast to biofuels blending mandates, LCFS policies do not have minimum GHG 
emission reduction requirements for specific fuel categories. In recent years, Canada and Brazil have 
been developing national LCFS-type policies to encourage the production and use of low carbon fuels. 
Although not LCFS, Germany and Sweden have also implemented GHG emission quota obligations for 
biofuels use in their transport sectors.  
 
Despite the predominance of market -pull policies, technology -push policies have been successfully 
used to encourage research, development and demonstration (RD&D), particularly for advanced 
biofuels  

Technology-push policies impact the development and deployment of advanced biofuels and their supply 
chains, especially in countries that have established biofuel markets such as Brazil, the US, Canada, 
Austria, Denmark, Germany and Sweden. In all  these countries, demonstration, pre -commercial and 
commercial advanced biofuels facilities have been developed. In other countries, the various types of 
funding programs have contributed to the production of advanced biofuels including cellulosic ethanol,  
FischerðTropsch synthetic fuels and other drop -in biofuels (e.g., biojet) at pilot and demonstration scales. 
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In addition to de -risking advanced biofuel production  pathways, financial schemes and incentives have 
also been used to improve infrastructure (e. g., end-use fuel switching), feedstock production and supply 
chains and to address sustainability concerns that slow acceptance among users as new technologies and 
systems are introduced.  
 
The countries that have achieved the most success in growing the pr oduction and use of transport 
biofuels have used a mixture of market -pull and technology -push policies  

It is apparent that a balanced distribution of policy efforts between demand -pull and technology -push 
has proven most successful in fostering development  and deployment of biofuels production technologies 
and the growth of biofuels markets in member countries such as the US, Brazil, Sweden, Germany and 
Canada. A combination of technology -push and demand-pull policies will both be needed to increase the 
rat e of introduction and diffusion of advanced biofuel technologies. Although technology -push policies 
have been shown to generate innovation in advanced biofuels, the growth in demand induced by market -
pull policies such as LCFS tends to increase public and private investment in more mature technologies  
that provide significant GHG reductions. 
 
In the vast majority of member countries, biofuel policies have enhanced biofuels market growth  

An on-going increase in production and use of biofuels as blending mand ates gradually have increased 
over time is evident in the US, Brazil, Sweden, Canada, Japan, the Netherlands, and South Korea. It is 
also apparent that for periods when blending mandates did not change, biofuels production and use 
remained fairly flat. For  example, this is seen in Austria, Denmark, and Germany. In countries such as 
New Zealand and Australia where there is no national biofuels blending mandate, there is a sporadic 
production of ethanol and biodiesel and the biofuels industry has not been abl e to establish a stable 
market. Lack of market development due to the absence of blending mandate is also observed for 
biodiesel in Japan and ethanol in South Korea.  
 
There are several uncertainties that need to be addressed to enhance the effectiveness of policies 
in creating a stable environment for the increased production and use of biofuels  

A variety of factors have contributed to the slow growth of biofuels marke ts in some of member countries 
such as India, Norway, New Zealand and Australia. The primary factor is the uncertainty about future 
biofuels policy. Other important factors include low non -compliance costs, local and reginal competing 
use of feedstocks, th e nature of future funding and incentive programs as well as possible unforeseen 
impediments to global trade such as tariffs, and also future availability and cost of sustainably certified 
feedstocks, food security and the slow rate of commercialisation of  advanced biofuels.  The low cost of 
fossil fuel (including the subsidies) and the lack of commitment to stop the investments in fossil industry  
have also contributed to the further growth of biofuels markets in member countries.  
 
To date, most of the poli cies used to promote transport decarbonisation have focused on increasing 
the use of biofuels in road transport  

Policies to promote renewable energy in the transport sector have been focusing primarily on road 
transport, which accounts for the vast majorit y of energy use in transport, with  aviation and shipping 
seeing less attention despite being large energy consumers and carbon emitters. The aviation and shipping 
sectors (where electrification is more challenging) are under increasing pressure to reduce t heir carbon 
and sulphur emissions. The government and industry efforts are increasing to reduce the GHG emissions 
from aviation and shipping industries. The Netherlands, Norway, Sweden and the US have had policies in 
place for several years aimed at promot ing production of alternative jet fuel.  Aviation is included in the 
EU's Emission Trading Scheme (ETS). The EUõs revised RED (REDII) encourages the production and use of 
sustainable biofuels, particularly for the aviation and shipping sectors by òdouble-countingó (using a 
multiplier of 1.2) in their possible contribution towards the regionõs renewable transport target. 
Regulators need to create frameworks that mandate the use of low carbon fuels and incentivize the 
production of biofuels for use in the avia tion and shipping sectors. Although regulators at the regional, 
national and international  levels are developing policies to support the development  of biojet /SAF, 
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considerably less regulatory effort has been invested in trying to  encourage the development  of biofuels 
in the shipping sector.  
 
Continuing efforts  to enhance the  production and use of drop -in biofuels to decarbonize the long -
distance transport sectors  

Globally, it is estimated that over 7.5 billion liters of renewable diesel are produced by 8 companies in 
11 facilities located in the US, Europe and Singapore. These fuels are increasing used to decarbonise the 
long-distance transport sector  with the vast majority  of th e drop-in biofuels that are currently produced 
made via the upgrading of lipids/oleochemicals. Of the Task 39 member countries , currently, HEFA fuels 
are only produced in the US and the Netherlands. However, these fuels  have been used by several member 
countries to meet their blending mandates and the GHG emission reduction goals.  The growth in drop -in 
biofuels production is expected to grow  significantly ,  with increasing pressure to decarbonize the long-
distance transport sectors such as trucking, aviation  and marine. However, due to the higher production 
cost of HEFA fuels as compared to FAME biodiesel, these fuels are mainly sold in markets such as California 
and British Columbia. In these jurisdictions, policies such as the  Low Carbon Fuel Standard have 
incentivize d biofuels based on their carbon intensity . In other countries,  supporting policies based on 
GHG emission reductions such as in Germany and Sweden are in play. 
 
Low-carbon  intensive fuels can also be produced by  co-processing biogenic feeds  in existing oil 
refineries  

Approximately 40 refineries around the world have implemented or are assessing the potential to co -
process biogenic feedstocks at blend levels ranging from 2 -30 vol%. Some oil refineries, such as Preem in 
Sweden, are well advanced in producing and marketing co -processed fuels. In addition to Sweden, low 
carbon intensive, co-processed fuels have been produced in Brazil, the US, Canada and Norway. In British 
Columbia (BC) Part 3 agreements within the LCFS have been successfully used to òencourageó BCõs oil 
refineries, to use co-processing as one way of reducing the carbon intensity of their processes and 
products. Similarly, Californiaõs LCFS has encouraged US oil refinerie s to produce low -carbon fuels via co-
processing. The co-processing pathway is in the process of  being approved by the US EPA to generate RINs 
under the Renewable Fuel Standard (RFS) program. 
 
Despite considerable progress being made in the technical aspects of advanced biofuels production, 
the right policies will be needed to expand commercialization  

The production of so-called òadvancedó biofuels from cellulosic feedstocks has been slow to 
commercialise.  Currently, t he majority of cellulosic ethanol (1.5G and 2G)  is produced in the US, Brazil 
and the EU. Biomethane has been mainly produced in the US and the EU (Sweden and Germany). The US 
is currently t he largest market as biomethane is included in the òcellulosic biofuelsó category of the RFS2 
program. Commercialisation of thermally -based biofuels processes, which include hydrothermal 
liquefaction, pyrolysis and gasification , is also making progress. A number of pilot, demonstration and  
pre-commercial advanced biofuels plants in some member countries such as Australia, Austria, Canada, 
Denmark, India, Germany and Sweden have produced biofuels from biomass feedstocks such as 
agricultural / forest residues and the organic portion of municipa l solid waste (MSW). EU policy support for 
advanced biofuels and the increasing number of quota policies announced by member states is anticipated 
to increase their commercial development.  
 
Sustainability requirements are  being increasingly incorporated i nto biofuel policies  

Life Cycle Assessment (LCA) of GHG emissions is the predominant method used to assess the sustainability 
of many renewable fuel pathways. The LCFS type of policies that  have incentivize d reductions in carbon 
intensity should lead to mo re stable and larger markets for low carbon intensity fuels . Consequently they  
should promot e the increased production and use of biofuels, particularly in sectors such as aviation and 
marine, where there are limited alternatives . Austria, Denmark, the Net herlands and the US have 
introduc ed specific mandates for these biofuels  as well as providing direct financial incentives. However, 
ensuring òsustainabilityó remains a priority with the EUõs REDII prohibiting the growth of  potential biofuel 
feedstocks in areas that already contain high carbon stocks (i.e., wetlands or forests) or have high 
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biodiversity (e.g., primary forests or grasslands). The Canadian Clean Fuel Standard (CFS) (coming into 
force in December 2022) will req uire the consideration of additional sustainability criteria beyond LCA . 
This will include  land use change, biodiversity, the riparian and protected zones for the use of agricultural 
and forest biomass in the production of advanced biofuels.  In Brazil, the RenovaBio program will  address 
indirect land use concerns ( iLUC) by adopting eligibility criteria for agricultural based feedstock . This will  
include protection of natural vegetation, compliance with national Forest Code s (riparian areas, minimum 
share of native vegetation per farm, GIS delimitation of proprieties among other), and compliance with 
agricultural zoning for palm oil.  
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1.  Introduction  

1.1.  Global production of transport biofuels  

Energy for the transport sector accounted for around one -third (32%) of the worldõs total final energy 
consumption in 2017 (REN21, 2020). The transport sector remains the sector with the lowest share of 
renewables, as oil and petroleum products  continue to meet nearly all global  transport energy needs. In 
2017, the vast majority (96.7%) o f global transport energy needs were met by oil and petroleum products 
(including 0.8% non-renewable electricity), with a small share met by biofuels (3.0%) and renewable 
electricity (0.3%) (see Figure 1.1). The sector as a whole accounted for nearly one -quarter of the worldõs 
energy-related greenhouse gas emissions in 2019 (REN21, 2020).  

 

 
Figure 1.1. Renewable share of total final energy consumption in Transport  in 2017 (REN21, 2020) 

 
Despite the small contribution of renewables, biofuels continue to be the central component of the 
methods used to decarbonize the transport sector. Biofuels have been primarily used in road 
transportation which accounts for about 77% of the energy use by the transport sector (see Figure 1.2).    

 

 
Figure 1.2. Energy demand split by transport sector in 2019 ( Barclays Equity Research, 2021) 

 
Globally, biofuel production has increase d over the last decade , from about 64 million tonnes oil 
equivalent (Mtoe) produced in 2010 (~110 billion liters) to about 92 Mtoe in 2019 (~158 billion liters) (see 
Figure 1.3). Biofuel production grew at an average annual rate of 4% over the past decade. The highest 
annual growth rate was observed in the Asia -Pacific region, which grew at an annual rate of 16% over the 
period 2010-2019 (BP, 2020). 
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The Americas and Europe continue to have the highest share of biofuel production. In 2019, North 
America, South and Central America and Europe accounted for  39.4%, 28% and 16.1%, respectively of the 
worldõs biofuel production. T he worldõs top ten biofuel producing countries in 2019 are summariess in 
Table 1.1 with  The United States (US) remaining the largest producer (37.9%), followe d by Brazil (24.1%), 
Indonesia (6.7%) and Germany (3.5%) (BP, 2018).  
 

 
Figure 1.3. World biofuels production, 2010 -2019. Biofuels production increased at an annual growth rate 

of 4%, from 110 billion liters in 2010 to 158 billion liters in 2019 (Adapted from BP, 2020)  

 
Table 1.1. Top ten biofuels producing countries in 2019 ( Adapted from BP, 2020) 

Country  Biofuels production  
(billion liters)  

Share in 2019  

US 59.94 37.9% 

Brazil 38.11 24.1% 

Indonesia 10.60 6.7% 

Germany 5.54 3.5% 

France 4.27 2.7% 

China 4.27 2.7% 

Argentina 3.95 2.5% 

Thailand 3.64 2.3% 

The Netherlands 3.00 1.9% 

Spain/Canada 2.53 1.6% 

 
The main biofuels that are produced are ethanol, biodiesel (fatty acid methyl ester or FAME fuels), and 
biofuels produced by treating animal and vegetable oils and fats with hydrogen (known as hydrotreated 
vegetable oil (HVO)/ hydrotreated esters and fatty acids (HEFA) biofuels /renewable diesel/ògreenó 
diesel). Increasing amounts of  biomethane are produced in countries such as the US, Sweden and 
Germany. It is  estimated, that 69% of the biofuel produc ed (in volume terms) was ethanol, 26% was FAME 
biodiesel and 5% was HVO/HEFA in 2020. The use of biomethane as a transport fuel, while growing rapidly, 
contributed less than 1% of the biofuel total (REN21, 2021).  
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1.2.  Biofuel policies  

Policies have played an essential role in the growth of  the biofuels market  and have enhanced the 
decarbonizati on of the transport ation  sector. However, biofuels policies can take many forms including 
blending mandates, excise tax exemptions and incentives, renewable or low carbon fuel standards, fiscal 
incentives, public financing , etc . These polic ies can influence different stages of biofuel production and 
use and, as summarised in Figure 1.4, the y can be divided into technology -push and market-pull type s of 
policies.  
 
Technology-push policies typically help drive early stage development such as research and development 
(R&D), demonstration and commercialization of biofuels. The se types of policies  are used to help reduce 
the cost of research and develop ment and help take early stage technologies through the financial òvalley 
of deathó that exists between initial development and commercialization (Jordaana et al., 2017; 
Biofuture Platform, 2018).  Examples of technology-push policies (financial investment) that have 
encouraged expanded biofuels production and use include:  
 

¶ Grants used to encourage conversion technology development, increase technology readiness levels 
and de-risk the technology and associated supply chains. Related programs have been used to de-
risk early market development and to support technologies with long -term market potential but 
high initial investment risk  

¶ Loan guarantees to òbuy-downó the risk of financing larger, first-of-a-kind commercial facilities  

¶ Corporate tax breaks  to newly built biofuels production facilities  

¶ Guaranteed return  on renewable energy assets  

¶ Compensation for depreciation of acquired renewable energy assets  
 
 In a complementary fashion, market -pull policies are used to support technologie s that are relatively 
mature  and help create a demand for biofuels . Examples are conventional ethanol and biodiesel. Market-
pull policies, such as biofuels blending mandates and fuel  and CO2 excise reduction or exemptions have 
proven effective in supporting technologies that are relatively mature . They also help create demand for 
biofuels, as demonstrated by the conventional ethanol and biodiesel markets (Costantini et al., 2015, 
2017).  
 

 
Figure 1.4. Technology-push and market-pull biofuel policies   

 
Despite the COVID-19 crisis, policy support for renewable fuels generally remained strong throughout 2020 
and 2021. Although the COVID-19 crisis was the central political f ocus of the year, commitments to climate 
change mitigation stood out.  Overall, 2020 was an important milestone for climate change policy, as many 
countriesõgreenhouse gas targets for the year expired. Countries set new targets, and many committed 
to carbon neutrality. Policy mechanisms implemented in 2020 that can indirectly stimulate interest in 
transport biofuels  included fossil fuel bans and phase-outs, greenhouse gas emission reduction targets, 
and carbon pricing and emission trading systems (REN21, 2021). 
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IEA Bioenergy Task 39 has been evaluating the effectiveness of technology-push and market-pull policies  
in encouraging the production and use of biofuel s in member countries including major biofuels producers 
and users since 2007. This evaluation has been a central part of Task 39õs commitment to facilitate the 
commercialisation of low -carbon intensive transport biofuels. The report reviews the existing t echnology-
push and market-pull biofuel policies used by the IEA Bioenergy Task 39 member countries to help develop 
their respective biofuels markets. These countries represent a diverse sample of regions and biofuels 
producers and consumers and include some of the key producing countries worldwide (e.g., the US, Brazil, 
the European Union (EU) and Canada). 
 
The implementation agendas report covers four main topics:  
Å Compare and contrast developments in transport biofuels production and use in member countrie s 
Å Focus on biofuel policies and the extent to which these biofuels policies have been effective  
Å Assess the measures taken by member countries to develop or stimulate their respective biofuels 

sectors, including incentives and investment in research, develo pment and commercialization  
Å Provide an update on the current status of biofuel sustainability assessments and related discussions 

that factor into policy development  

The new additions to the update report in the 2019 -2021 triennium include:  
Å Additional  country chapters for India, Norway and Ireland, the countries that joined Task 39 in the 2019 -

2021 triennium  
Å Historical GHG emissions inventory data and the contribution that the  transport sector made to the 

national GHG emission inventory of each member countr y 
Å Historical biofuel  developments and the related GHG emissions policies in each member countr y 
Å Existing and emerging sustainability certification schemes for transport biofuels and feedstocks  
Å Compliance costs of biofuel policies (e.g. $/tC O2, $/GJ)  
Å Historical biofuels and feedstocks imports and exports  
Å Co-processing trials/demonstrations at oil refineries  

1.3.   The methodology used to evaluate the effectiveness of biofuel policies  

The implementation agendas report follow s a three -step approach to collect and compile biofuels policies 
and market  data from member countries . The initial step involv ed developing the  questionnaire (see 
Appendix B) that was sent to Task 39 representatives. Member countries/regions included Austr alia, 
Austria, Brazil, Canada, Denmark, The European Union (EU), Germany, India, Ireland, Japan, the 
Netherlands, New Zealand, Norway, South Korea, Sweden and the US. As indicated in Table 1.1, five of 
these countries, including the US, Brazil, Germany, the Netherlands and Canada are among the top ten 
biofuels produc ers globally. Altogether, these countries contributed about two -thirds of the worldõs 
biofuels production in 2019. In summary, t he Task 39 member countries represent a diverse set of regions 
and biofuels producers and consumers and provide a sound basis for gaining an international perspective 
regarding the impact of biofuel policies on market development.   
 
The questionnaire contained three main sections that first asked respondents to identify the main drivers 
for production and use of transport biofuels in their respective countries. Second, what legislation and 
incentives were used to encourage production and use of these biofuels (e.g., renewable fuel standards, 
financial incentives, etc.) . Third, what volume of biofuels ð both òconventionaló and òadvancedó biofuels 
ð were produced and used over 2010-2020, and what was their respective market share in the transport 
sector. Information was also collected on recent and ongoing advanced biofuels projects, including the 
company/technology developer, project status (i.e., closed, operational or planned), conversion 
technology (e.g., anaerobic digestion, fermentation, fast pyrolysis, hydrothermal liquefaction, Fischer ð
Tropsch, etc.) and size (pilot, demonstration, pre -commercial or commercial).  
 
The completed questionnaires were then collected and compiled to assess progress in developing and 
increasing transport biofuels production / use in each country.  
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In the last step, historical biofuels production and consumption trends over 2010 -2020 were used to 
evaluate the effectiveness of biofuels policies, mainly market -pull policies,  to support the development 
of biofuels markets. In addition, the collected information , on recent and ongoing advanced biofuels 
projects in each country ,  was used to assess the impact of technology-push policies on the development 
and deployment of advanc ed biofuels technologies. Finally, the biofuels policies that were used in each 
countr y were compared and contrasted and their strengths and weaknesses for stimulating biofuels 
production and use evaluated. The results of biofuels policies comparison and c ontrast are discussed in 
the next  chapter of this report.  
 
The remainder of the report is structured as follows . First, the biofuel policies that were used by each 
member countr y were evaluated , with  their strengths -and-limitations in stimulating biofuels production 
and consumption discussed. The biofuels production and use trends over the period of 2010 -2020 are also 
presented to evaluate the effectiveness of biofuel policies in creating a stable environment for the 
increased production and use of biofuels.  Then, Appendix A provides an update on biofuels policy and 
market development for each member country  (country cha pters) . This is based on the data collected 
and the information available in  the completed questionnaire s. Finally, Appendix B provides a copy of the 
questionnaire.  

Sources 
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2.  Compare-and-contrast transport biofuel polic ies in member countries  

Summary 
¶ Despite a trend towards greater electrification of road transport, biofuels (mainly ethanol and 

biodiesel) account for more than 90% of renewable energy in the transport sector and remain 
central to many national and sub-national renewable transport policy frameworks.  
 

¶ The issues of energy security, rural development and job creation were identified as the main 
drivers behind the initial development of biofuels policies in member countries. More recently, 
policies that  try to foster mitigation of climate change, such as reducing the carbon intensity of 
the transport fuels, have become an increasing focus in biofuels -related policy development.  
 

¶ In the vast majority of member countries, biofuel policies have enhanced bi ofuels market growth.  
 

¶ Biofuel blending mandates remain one of the most widely adopted mechanisms for increasing 
biofuels use in the transport sector. However, biofuel mandates alone have not always provided 
sufficiently strong incentives to spur producer s to continue to innovate and reduce the carbon 
intensity of the biofuels they produce . 
 

¶ Fuel excise tax reduction/exemption/credit -based policies have mainly been used to make the 
production of biofuels economically competitive with fossil fuels in the short-to-mid-term. 
However, as biofuel production is becoming more cost efficient and if the price of oil gradually 
rises, the fuel excise reduction/exemption incentive is either modified or lifted.  
 

¶ As well as encouraging on-going more efficient productio n of conventional biofuels, LCFS-based 
policies have also stimulated the development and production of lower carbon intensity drop -in 
and advanced biofuels by increasing their market values.  
 

¶ As LCFS type policies become more common in increasing numbers of jurisdictions, the carbon 
intensity of current and emerging biofuels is expected to decrease.  
 

¶ Despite the predominance of market -pull policies, technology -push policies have been successfully 
used to encourage research, development and demonstration, pa rticularly for advanced biofuels.  
 

¶ A combination of technology -push and demand-pull policies will both be needed to increase the 
rate of introduction and diffusion of advanced biofuel technologies. The countries that have 
achieved the most success in growing the production and use of transport biofuels have used a 
mixture of market -pull and technology -push policies. 
 

¶ Most of the policies that have been used to promote renewable energy for transport have primarily 
focussed on road transport at a national lev el. Other important transport sectors such as aviation 
and shipping have received considerably less policy attention despite being significant energy 
consumers and carbon emitters.  
 

¶ Regulators need to create a framework that mandates the use of low carbon fuels and incentivize 
production of biofuels for use in the aviation and shipping sectors.  
 

¶ Despite considerable progress being made in the technical aspects of advanced biofuels production, 
it is widely recognized that the right policies will be needed t o help expand commercialization.  
 

¶ Sustainability requirements are increasingly being incorporated into biofuels policies, with LCFS -
type policies that incentivize reductions in carbon intensity and assure sustainability increasingly 
being used 
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2.1.  Policy landscape on a global scale  

Although the global transport sector has the second highest share of total final energy consumption, it 
remains the sector with the lowest penetration of renewables and continues to rely heavily on fossil fuels 
(IEA, 2019). Although the adoption of renewable energy policies for transport has not been as rapid as in 
the power sector, policy makers increasingly are exploring expanding the use of renewables in the 
transport sector as a means to improve local air pollution and  meet greenhouse gas emissions targets 
(SLOCAT Partnership on Sustainable, 2018). Policies that support the production and use of liquid and 
gaseous biofuels for transport are the most common type of direct renewable energy policy in the sector, 
and biofuels continue to make the largest contribution of renewable energy to transport. Most biofuels 
policy have targeted light -duty vehicles (REN21, 2021). 
 
Despite a trend towards greater electrification of road transport, biofuels (mainly ethanol and biodiesel)  
account for more than 90% of renewable energy in the transport sector and remain central to many 
national and sub-national renewable transport policy frameworks (IEA, 2019). Policies supporting the 
production or use of biofuels include blending mandates, financial incentives, public procurement, and 
support for fuelling and blending infrastructure and advanced biofuels. Biofuels continued to receive 
policy attention as a means to foster wider use of renewables in the sector, to support energy security 
and economic development, and because biofuels can be used in existing internal combustion engine 
vehicles (IRENA, IEA and REN21, 2019). 
 
Biofuel blending mandates remained the most widely used policies for ensuring renewable content in road 
transport. Overall , 65 countries had blending mandates as of the end of 2020. The bulk of mandates 
continue to come from the EU. Fourteen countries in the Americas have mandates or targets in place or 
under consideration, 12 in Asia Pacific, 11 in Africa and the Indian Ocea n and 4 from non-EU countries of 
Europe (BiofuelsDigest, 2020). While no new countries added biofuel blending mandates during 2020, 
some that already had a policy either added new mandates or targets or strengthened existing ones. Early 
in 2020, Brazil inc reased its minimum biodiesel blend from 11% to 12%. Belgium increased its biofuel 
blending mandate from 8.5% to 9.55%, while Cyprus raised its mandate from 5% to 7.3%. Indonesia 
increased its biofuel blending mandate to 30%, up from 20%. At the sub -national level, in Canada, Ontario 
and Manitoba provinces raised their ethanol blending mandate (Ontario from 5% to 10% and Manitoba from 
8.5% to 9.25%) (REN21, 2021). By the end of 2020, 11 countries (and the EU) had targets in place for its 
own definition of  òadvanced biofuelsó (up from 10 countries in 2019), and 17  countries had mandates in 
place for advanced biofuels. Only one new country, Latvia, adopted an advanced biofuels target in 2020: 
the countryõs national energy and climate plan (NECP) included a target of 3.5% advanced biofuels and 
biogas in the transport sectorõs final energy consumption by 2030 (REN21, 2021). Figure 2.1 depicts 
national and sub-national renewable transport mandates, as of end -2019. 
 

 
Figure 2.1. National and sub-national renewable transport mandates, as of end -2019 (Source: REN21 

Policy Database, REN21, 2021) 
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In this chapter, biofuels policies developed and implemented in IEA Bioenergy Task 39õs member countries 
are summarized and compared and contrasted to evaluate their effectiveness in spurring the production 
and use of biofuels to decarbonise the transport sector. This assessment is based on information obtained 
from IEA Bioenergy Task 39õs 16 member countries through a questionnaire (see Appendix B) and Country 
Chapters (see Appendix A), as well as recent relevant publications. More details on the methodology used 
in this report to evaluate the effectiveness of biofuel policies in IEA Bioenergy Task 39õs member countries 
are discussed in Chapter 1.        

2.2.  Main drivers for biofuels policy  development in Task 39 member countries  

The issues of energy security, rural development and job creation were identified as the main drivers 
behind the initial development of biofuels policies in member countries. More recently, policies that try 
to fost er mitigation of climate change, such as reducing the carbon intensity of the transport fuels, have 
become an increasing focus in biofuels -related policy development.  
 
Energy security and rural development have been the primary drivers for developing poli cies in countries 
such as the US, Brazil, and India where substantial commercial production of feedstocks such as corn, 
oilseeds and sugarcane are produced annually. In other countries like EU member states and Canada, 
decarbonization of transport sector  and climate change mitigation  has been the primary driver, and to a 
lesser degree rural development . In Japan, where there is little availability of affordable feedstocks for 
biofuel production as well as large concerns about security of food supply, GHG em ission reduction has 
been the main driver for using biofuels. In South Korea, becoming a leader in the development and 
deployment of clean energy technologies, including  green technology development like biofuels, and 
making this a new growth engine to imp rove the quality of life,  has influenced the development of biofuels 
policies. In New Zealand and Australia, all of the main drivers for global growth of biofuels, i.e., 
environmental benefits, rural economic development and security of fuel supply  have been important for 
pushing policy to support more biofuels production and use.   

2.3.  Biofuel policies in Task 39õs member countries 

As discussed in Country Chapters (see Appendix A), Task 39õs member countries have developed and 
implemented many forms of biofuel  policies to encourage the production and use of biofuels to 
decarbonise the transport sector, in particular road transportation. As indicated in Table 1.1 in Chapter 
1, five of Task 39õs member countries, including the US, Brazil, Germany, the Netherlands and Canada 
are among the top ten biofuels producing countries globally. Altogether, these countries contributed 
about two -thirds of the worldõs biofuels production in 2019.  
 
Most of member countries have used a combination of market -pull and technology -push policies to propel 
the production and use of biofuels at different stages of technology and market development. Table 2.1 
summarizes the technology-push and market-pull policies used by member countries. The technology -
push policies provide direct funding to the technology development at the pilot, demo nstration and pre -
commercialization scales to de -risk the technology development and deployment. In a complementary 
fashion, market -pull policies helped increase market penetration and the cost -competitiveness of 
biofuels. Market -pull policies usually supp ort biofuels that are proven and follow close -to-the-market 
technology pathways.   

2.3.1.  Biofuel blending  mandates  

As indicated in Table 2.1, biofuel blending mandates have been the most widely adopted policies used to 
increase renewable fuel use in the transport sector. Biofuels blending mandates typically require 
minimum blending  of either ethanol  in gasoline or diesel biofuels (FAME biodiesel and renewable diesel) 
in diesel, with blending levels usually based on volume. In North America, biofuels mandates are typically 
implemented at both the national/federal and state/provincial  levels. In addition to blending mandates 
for conventional biofuels, the US, Austria, Denmark, Sweden, and the Netherlands, have developed or 
are developing blending mandates for òadvancedó biofuels, although the definition of advanced biofuels 
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is diffenre t among regions. Table 2.2 shows the production capacity and use of biofuels in member 
countries with blending mandates.  
 
As shown from Figure 2.3 to Figure 2.17, blending mandates have helped establish biofuels markets in 
many countries, primarily by shielding biofue ls from low oil prices and facilitating the market entry.  
However, blending mandates alone have not been able to grow or even maintain some biofuel markets. 
The reasons why mandates have not worked well in some jurisdictions are varied and include a lack of 
feedstock (e.g., South Korea), high feedstock costs due to competing uses (e.g., Australia), shortage of 
infrastruc ture and food security and sustainability concerns such as indirect land use changes (ILUC) (e.g., 
Japan). While biofuel mandates have been shown to reduce transport sector GHG emissions, mandated 
biofuel obligations are typically based on a biofuelõs volume or energy content rather than its 
decarbonisation potential. In other words, biofuel mandates alone have not always provided sufficiently 
strong incentives to spur producers to continue to innovate to reduce the carbon intensity of the biofuels 
they pro duce.  

2.3.2.  Fuel excise tax reductions/exemptions/credits  

Other policies that have been successfully used to support increased biofuel production and use include 
fuel excise tax reductions or exemptions. Fuel excise tax reduction/exemption/credit -based policies have 
mainly been used to make the production of biofuels economically competitive with fossil fuels in the 
short-to-mid-term. These types of policies have been used in countries including Australia, Austria, Brazil, 
Denmark, Ireland, Japan, New Zealand, N orway, Sweden and the US. In particular, tax incentives have 
been successfully used to spur biofuel production and reduce biofuel prices at the pumps in the US, Brazil 
and Sweden. In the US, blenders tax credits for biodiesel and renewable diesel have enab led biodiesel 
and renewable diesel facilities to produce a price-competitive biofuels that can be blended with diesel 
in the US market.      
 
However, fuel excise reduction /exemption -based policies alone have not led to biofuels market growth, 
with countri es like Australia and New Zealand achieving only small levels of biofuels production and use 
despite the availability of such tax incentives. In these two countries, there are no national mandates for 
biofuels blending.  
 
Tax incentives and subsidies have also been used in countries such as the US, Norway and India to 
encourage greater production of potential biomass feedstocks such as dedicated energy crops (e.g., 
switchgrass, carinata or willow) and their supply chains to provide sufficient feedstocks to support future 
production of advanced biofuels. It was also hoped that this type of policy might stimulate the 
development of entire biofuel supply chains, from feedstock cultivation through to biofuel production 
and end use, making it more likely that fut ure usage and emissions reductions targets will be achieved. 
However, among farmers and crop growers, the uptake rate for starting to cultivate dedicated energy 
crops has been low due to slow progress demonstrating economically advanced biofuel production 
technologies, and thus little market pull for using such energy crops for biofuels production.   
 
Fuel excise reduction/ exemption /credit incentives are often reduced or eliminated as biofuels production 
matures and becomes more cost competitive. For exampl e, the biodiesel excise tax in Australia has been 
increasing since 2016 however it will be eliminated once the biodiesel price reaches 50% of the fossil 
diesel price. Similarly, Australiaõs ethanol excise tax has increased since its introduction and is capped at 
a lower price than biodiesel due to ethanolõs lower energy content. 
 
Although South Korea originally used tax exemptions to encourage biodiesel development, this policy was 
revisited in 2015 and replaced by a biodiesel blending mandate as the origin al policy had resulted in a 
$200 million tax deficit for the government. Swedenõs initial full tax exemption for biofuels was also 
quickly changed due to EU concerns that it unfairly subsided some fuels such as ethanol (E85) and 
Rapeseed Methyl Esters (RME or FAME biodiesel).  
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Table 2.1. Summary of biofuel policies and their effectiveness on the biofuels markets in Task 39õs member countries 

Country  Market -pull policies  Technology push policies  Effectiveness of the biofuel policies  

Australia Biofuels mandates  
- Biofuels are not currently included in any 

National Renewables Policy and whilst 
there is a federal biofuels incentive 
scheme, there is no federal biofuels policy 
and this is left to the States.  

- New South Wales (NSW): 5% biodiesel and 
6% ethanol (volume) 

- Queensland: 0.5% biodiesel and 4% ethanol 
(volume) 

- There are currently no policies or 
incentives in place to promote aviation or 
marine biofuels.  

- Currently, there are no specific policies 
promoting the use of advanced biofuels and 
there is limited production of advanced 
biofuels in Australia  

Fuel excise tax reduction/exemption  
- Producer grant scheme (fuel excise 
reduction) for ethanol and biodiesel  

- Development of a A$ one billion 
bioeconomy in Queensland 

- Rebate on R&D expenses  
- Grants for R&D programs and early 

stage commercialisation  
- A$ 10 billion fund designed to facilitate 

and increase flows of finance into the 
clean energy sector  

- A$ 200 million bioenergy fund  

- NSW mandate despite being in place 
since 2007 is ineffective as the 
mandate is not enforced due to lack of 
feedstock and biofuels supply  

-  In Queensland, the launch of the 
mandate was accompanied by a 
successful advertising campaign 
explaining the benefits of using ethanol  

- The current  production of ethanol and 
biodiesel in Australia constitutes only 
about 1% of the overall national 
consumption of petrol and diesel.  

- Development of a few pilot and 
demonstration -scale advanced biofuels 
technologies 

Austria Biofuels mandates  
- 6.3% biodiesel, 3.4% ethanol and 5.75% 

biofuels (energy content)  
- 0.2% advanced biofuels target by 2022 
(energy content) (REDII) 

Fuel excise tax reduction/exemption  
- Tax concessions for fuels with a biofuel 

share of at least 4.4% (energy content)  
- Pure biofuels exempted from mineral oil 
tax 
Other policies  
- Reduced license fees, tax credits for 
purchase of flex -fuel vehicles or natural gas 
vehicles for biofuels consumers  
- There are no specific policies promoting 
aviation and marine biofuels in the count ry. 
However, there is the intention to promote 
aviation biofuels.  

- Currently, financial supports and 
funding is mainly available for 
electromobility, not for other 
alternative fuel vehicles.  

- Funding available for purchasing CNG 
driven cars; for the con struction of 
plants producing sustainable liquid or 
gaseous fuels from non-food feedstock  

- û 9 million under the Mobility for the 
Future program 

 

- The energetic substitution of biofuels 
consumed in road transport in Austria 
was 6.25% in 2018. 

- On average, since 2006 production and 
use of ethanol have increased at an 
annual rate of 11% and 5%, respectively   

- On average, since 2006 production and 
use of biodiesel have increased at an 
annual rate of 60% and 21%, 
respectively  

- Since 2010, blending mandates have 
not changed and production and use of 
biofuels have not changed 
significantly.  

- Biofuel produced from feedstocks with 
low carbon intensity in Austria find 
better markets in countries such as 
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 Germany and Sweden where a GHG 
reduction quota is obliga tory  

- Several R&D projects on advanced 
biofuels have been developed at pilot 
and demonstration scales although only 
one is currently operational.  

Country  Market -pull policies  Technology push policies  Effectiveness of the biofuel policies  

Brazil Biofuels mandates  
- 27% ethanol and 12% biodiesel (volume in 
2020) 
- 100% hydrous ethanol is also marketed in 

all gas stations in Brazil.  
Fuel excise tax reduction/exemption  
 - Tax incentives for biofuel producers, 

blenders and users including ethanol -flex  
fuel vehicles and ethanol fuel and federal 
tax exemptions and incentives for biodiesel 
production  

- There are no carbon tax or emission trading 
(cap-and-trade) schemes in Brazil  

Tariff on imported ethanol  
- Allowing 750 million liters of ethanol to 

enter duty free, with any volume above 
this being subject to a 20% tariff in 2020  

- Fixed 14% import tariff applied to 
biodiesel, and the import tariff for 
petroleum oils containing biodiesel up to 
and including B30 is zero 

Fiscal incentives  
- Regional Producer Subsidy for sugarcane 

producers 
Low Carbon Fuel Standard  
- Ongoing development/implementation of 
RenovaBio, a national LCFS-type policy  

- Specific credit lines for the sugar, 
ethanol, and bioenergy industries to 
fund investments in sugarcane 
production, expansion of industrial 
production capacity for sugar and 
ethanol, cogeneration, logistics, and 
multimodal transportation  

- Financial incentives for feedstock 
development and to renew crop 
plantings 

- Financial instruments to encourage the 
productio n of advanced biofuels: a) 
credit in special financing lines; b) 
equity participation; c) non -
reimbursable funds for cooperative 
projects between companies and the 
R&D institution; and d) non -refundable 
economic support (grants) for 
companies, defined depe nding on the 
case (amount, technological risk, 
involved institutions, etc.)  

- In addition to conventional biofuels, 
these programs promote the production 
of advanced and drop-in biofuels for 
long-distance transport sectors such as 
aviation  

- On average, since 2010 production of 
ethanol and biodiesel has increased at 
an annual rate of 3% and 11%, 
respectively   

- On average, since 2010 use of ethanol 
and biodiesel has increased at an 
annual rate of 5% and 11%, respectively   

- Two commercial and one 
demonstration cellulosic ethanol plants  

- Trials carried out on co -processing 
vegetable oils (soy oil) with petroleum 
feedstocks in refinery hydro -processors 
in Petrobras petroleum refineries  

Canada Biofuels mandates  
- Federal mandates: 5% ethanol and 2% 
biodiesel (volume)  

- Five provinces (British Columbia, Alberta, 
Saskatchewan, Manitoba and Ontario) have 
established a blending requirement of 5% 

- Various types of federal and provincial 
government supports provided for 
biofuels, spanning across all stages of 
the biorefining process (e.g. grants and 
low-interest loans , accelerated 

- Biofuel production capacity has grown 
significantly over the last decade. 
Ethanol production has been nearly 
constant since 2011, edging up from 
1,700 million liters in 2011 to 1,750 
million liters in 2018. Canadian 
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to 10% for ethanol and 2% to 4% for 
biodiesel (volume)  

Low Carbon Fuel Standard  
- British Columbiaõs Low Carbon Fuel 

Standard 
- Ongoing development of Clean Fuel 

Standard, a national LCFS-type policy  
Other policies  
- Federal Greenhouse Gas Pollution Pricing 
- British Columbia Carbon Tax and Quebecõs 
cap-and-trade carbon exchange program  

depreciation, grants for storage and 
distribution infrastructure)  

- A $CAD 2 billion Low Carbon Economy 
Fund supports projects that will 
generate clean growth and reduce GHG 
emissions towards meeting or 
exceeding commitments under the Paris 
Agreement 

- In 2021, the federal government 
introduced further supports for zero 
emission technologies and fuels in its 
2021 fiscal budget:  
- An additional $5 billion in funding for 
the Net Zero Accelerator under the 
Strategic Innovation Fund 
- $67 million to implement the Clean 
Fuels Standard 
- Commitment on government 
procurement of sustainable aviation fuel 
and sustainable marine fuel  
- Preferential tax treatment (50% income 
tax reduction) for producers of zero 
emission fuels, including green hydr ogen 
 

biodiesel production capacity ha s 
trended upward but not dramatically.  

- The volume of ethanol consumed 
annually has increased from roughly 
1,700 million litres in 2010 to 3,034 
million litres in 2018.  

- The volume of biodiesel consumed 
annually has also increased 
substantially since 2010, rising from 
roughly 123 million litres in 2010 to 368 
million litres in 2018.  

- Renewable diesel is blended into diesel 
in similar volumes as biodiesel, with 
consumption calculated at 343 million 
liters in 2018 but there is no 
commercial production of renewable 
diesel in Canada 

- Three commercial advanced biofuels 
facilities  

- Several R&D projects on advanced 
biofuels have been developed at pilot 
and demonstration scales 

- Trials carried out on co -processing of 
lipid feedstocks with petroleum 
feedstocks in one oil refinery  

Country  Market -pull policies  Technology push policies  Effectiveness of the biofuel policies  

Denmark Biofuels mandates  
- 5.75% biofuels (both ethanol and biodiesel) 
(volume) 

- 0.15% for advanced biofuels by 2020. In 
2021, the mandate is planned to be 
increased to 0.75 %. 
Fuel excise tax reduction/exemption  
- CO2 excise exemptions for biofuels. There 
is a CO2 tax of 0.42 û/L of gasoline and 0.58 
û/L of diesel, with decreased tax on biofuel 
blends. 

- There are funding programs for R&D but 
no separate programs for biofuels  

- Energy research funding has been 
decreasing in recent years, but since 
2019 funding has yet again been 
increasing with the most significant 
funding agencies being the Innovation 
Fund Denmark  

- Allocation of funds to promote 
production of advanced biofue ls. 
Specific conditions have not yet been 
negotiated, however funding around û 
2.6 million annually is expected to be 
made available for years 2019-2025 

- The use of bioethanol and biodiesel was 
4.5% of total road transport in 2019.  

- The annual production of biodiesel has 
fairly remained constant since 2010.  

- There is no production of ethanol in 
Denmark 

- Several R&D projects on advanced 
biofuels have been developed at pilot 
and demonstration scales 

- There is a large support for biogas 
production and use in Denmark. The 
biogas production has increased by 40-
45% during 2016- 2017, compared to 
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- In 2020, the government granted one 
billion dkk (134 million û) more for 
green research - in addition  to what is 
being granted normally  

2015 due to economical fav orable 
conditions.  

Country  Market -pull policies  Technology push policies  Effectiveness of the biofuel policies  

Germany Biofuels mandates  
- 6.25% biofuels as energy based quota from 
2010-2014 

- GHG mitigation quota of 3.5%, 4% and 6% in 
the fuel mix for the entire fuel sector from 
2015, 2017 and 2020 onwards, 
respectively.  

Fuel excise tax reduction/exemption  
- There is no tax relief for FAME biodiesel, 

HVO/HEFA fuels, vegetable oils and 
ethanol  

- The fuel tax for CNG and biomethane is û 
0.0139/kWh until 2023  

Other policies  
- A carbon tax is indirectly applied via CO 2 

tax for passenger cars 
- There are no specific policies promoting 

aviation biofuels.  
 

- No financial incentives are available for 
advanced /new biofuels, making it 
quite di fficult to enter the fuel market, 
even with the GHG quota.  

- However, there are funding programs 
for RD&D that are addressing advanced 
fuels and- to a minor extent - also 
biofuels. In general, there has been a 
decrease in funded projects related to 
biofuel s. 

- There are various funding programs for 
R&D&D with emphasis on the use of 
diversified raw materials for various 
synthetic fuels and fuels components, 
decentralized -centralized concepts 
along value chains, promoting 
Germanyõs role as technology 
developer, and integration of 
renewable fuels based on biomass and 
electricity into the energy transition.  

- The topic of so -called PtX (ie., PtG or 
PtL fuels or chemicals, also called 
electrofuels) is gaining an increasing 
interest, especially in context of the 
German energy transition and 
increasing shares of renewable 
electricity.  

- Current policies do not support an 
increase in production capacities for 
biofuels or advanced biofuels in 
Germany as the market development 
shows. 

- On average, since 2007 total production 
and use of ethanol has increased at an 
annual rate of 7% and 10%, respectively  

- The annual production of biodiesel has 
fairly remained constant since 2007  

- Several R&D projects on advanced 
biofuels have been developed at pilot 
and demonstration scales.  

- Despite the target for advanced 
biofuels and the ongoing debate about 
EU RED II, for Germany, it is likely that 
due to the higher GHG reduction quota 
of 70% fuel specific GHG mitigation 
potential on average, the amount of 
biofuels could slightly increase but will 
be limited by blending levels with fossil 
fuels (e.g., B7, E10 etc.). The 
framework for increasing use of 
biomethane as transport fuel remains 
uncertain.  

India Biofuels mandates  
- 5% ethanol blending in gasoline is 

mandatory and the obligated parties can 
add ethanol in gasoline up to 10%. 

- Biodiesel blending is not mandatory in India 
yet.  

Fuel excise tax reduction/exemption  

- Financial support for feedstock 
development and improved biofuel 
production technology, with a major 
focus on cellulosic (so-called second 
generation) ethanol.  

- Promoting cutting edge research and 
innovation in biofuels production and 
use for the last eight years through 

- Indiaõs biofuels market is relatively 
nascent, despite having a zero excise 
duty and a zero VAT on biofuels in 5 
states since 2007 

- In 2019, an estimated 3 billion liters 
(all time record) of ethanol was 
produced, 55% higher than in 2017 
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- No excise tax exemption/reductions for 
ethanol and biodiesel  

- A recent change in tax regimes threatens 
to make biodiesel substantially more 
expensive than regular diesel, as it 
envisages an additional 12% Goods and 
Services Tax (GST) on biodiesel. 

Other policies  
- In 2018, a new òNational Policy on 
Biofuelsó was announced that expanded 
the scope of feedstocks to be used for 
biofuel production and targeted achieving 
20% ethanol blending in petrol and 5% 
biodiesel blending in diesel by 2030.  

- Import of biofuels is not allowed in India. 
Export policy of biofuels was revised in 
2018 from free to restricted as per the 
national policy on biofuels 2018.  

- Aviation biofuels are covered in the 
National policy on Biofuels. However, 
there is no specific policy for marine 
biofuels.  

- Joint ventures and foreign investments in 
the biofuel sector are enco uraged 

- There are no market -based policies in India 
such as Low Carbon Fuel Standard, Carbon 
tax and Emissions Trading (cap-and-trade) to 
encourage the production and use of 
biofuels.  

Department of Biotechnology, Center of 
Excellence, fellowships, training and 
international collaboration.  

- Over US $30 million investment in 
biofuel R&D and cellulosic ethanol 
technology 

 

- India has currently combined annual 
production capacity of 650 million 
liters of biodiesel per year but the 
actual use was 82.1 milli on liters in 
2019.   

- There are two operational advanced 
biofuel facilities; one pilot and one 
demonstration plant - with a combined 
production capacity of 1.75 million 
liters per year.  

Country  Market -pull policies  Technology push policies  Effectiveness of the biofuel policies  

Ireland Biofuels mandates  
- The EUõs RED is one of the main drivers for 

current biofuels policy in Ireland.   
- To help Ireland meet the renewable energy 

transport target of the RED, 12.359% (by 
volume) of the gasolin e and diesel placed 
on the road transport market in Ireland 
must be produced from renewable sources, 
e.g. bioethanol and biodiesel. The 

 - By a considerable margin, biofuel is the 
dominant source of renewable energy in 
transport in Ireland. Biodiesel in 
particular is relied upon because the 
road transport market is dominated by a 
diesel fleet, and, to a lesser extent, 
because Irelandõs fuel suppliers 
continue to s upply E5 to the gasoline 
fleet and have not moved to supply E10.  
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obligation was increased to this level for 
2020, having previously been 11.111%. 

- In March 2021, the Irish government 
published the new òClimate Action and 
Low Carbon Development 

Carbon excise tax reduction/exemption  
- The carbon tax was introduced in Ireland in 
2010 and was based on a charge of û10 per 
tonne of CO2 emitted. It has increased 
steadily over the years and was increased 
to û33.50 per tonne in Irelandõs most 
recent national budget. Biofuels, which are 
counted as having zero tailpipe emissions, 
are not liable for the carbon component of 
the mineral oil tax.  

Other policies  
- Awarding certificates for biofuel th at has 
been demonstrated to be sustainable. One 
certificate is awarded for every litre of 
sustainable biofuel and two certificates are 
awarded where it can be demonstrated that 
the biofuel was manufactured from a waste 
or residue.  

- In the transport sector, more than 98% 
of the renewable energy consumed 
came from biofuels; almost 88% was 
biodiesel and 10% biogasoline (i.e. 
bioethanol).  

 -There has been a relatively con sistent 
growth in the use of liquid biofuels, in 
particular biodiesel, in the Irish road 
transport sector  

- Ireland continues to rely heavily on 
imports, importing 82% of the liquid 
biofuels it uses in transport  

 

Country  Market -pull policies  Technology push policies  Effectiveness of the biofuel policies  

Japan Biofuels mandates  
- 824 million liter bioethanol mandate 

(volume); no blending mandate for 
biodiesel 

- Introducing 10 million liters (crude oil 
equivalent) of second generation biofuels 
(volume) 

Other policies  
- No diesel oil delivery tax for B100  
- A special tax incentive for the consumption 

of ethanol until March 2022  
- Import of bio -ETBE encouraged through a 
zero tariff  
- The Government plans to introduce biojet 
fuel for commercial flights within 2021  

- Support the establishment of biofuel 
manufacturing technology and tax 
breaks and financial assistance to 
biofuel producers and farmers 
producing feedstock  

- Several programs and incentives to 
encourage the use of biofuels  

- A major focus of research projects is on 
cellulosic and algal feedstocks and 
conversion technologies to produce 
biofuels at commercial scale in a 
sustainable way 

 

- Limited production capacity of 
ethanol/ETBE 

- In 2019, Japan imported 823 million 
liters o f ethanol for transportation, 
consisting of 817 million liters of ethanol 
imported as ETBE and 61 million liters of 
ethanol to be used for domestic ETBE 
production.  
- Ethanol is largely imported from Brazil  
- Japanõs biodiesel market is extremely 
limited, meeting just 0.04% of national 
on-road transportation demand for 
diesel fuel, and there is no renewable 
diesel market  
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- As the demand for biodiesel in Japan is 
very limited, biodiesel plays virtually no 
role in meeting the biofuels use goal.  

- Biofuels continue to be supported in 
Japan, but with a focus on next 
generation technologies based on 
feedstocks that do not compete with 
food, and the development of algal -
based biofuels. 

- Few ongoing pilot -scale advanced 
biofuels projects  

Country  Market -pull policies  Technology push policies  Effectiveness of the biofuel policies  

Netherlands Biofuels mandates  
- There is 16.4% biofuels mandate (both 

ethanol and biodiesel) mainly for road 
transport in energy content in 2020.  

- A sub-target for the use of advanced 
biofuels at 1.0% level in 2020 (including 
double counting)  

- National implementation of the RED2 will 
be effective from 2022, the current 
regulation will be extended for 2021 with a 
mandate level of 17.5% and a sub-target 
for advanced bioduels of 0.6%. 

- An mandate for SAF in aviation is in 
preparation, until then an opt -in system 
for aviation biofuels can be used to 
generate tradable units, as a contribution 
to the mandate for road transport  

Other policies  
- There is no excise duty reductio n for 

biofuels in the Netherlands.  
- Tax incentives for investment in renewable 

energy projects  
- No financial incentives (e.g. subsidies, 

credits, incentives) are provided for 
biofuel uptake. The blending of biofuels is 
encouraged with the quota obligation for 
fuel suppliers.  Support of production of 

 - Investment in the expansion of 
refueling pump infrastructure for 
alternative fuels including biofuels  

 

- On average, since 2006 total production 
and use of ethanol have increased at 
an annual rate of 30% and 30%, 
respectively  

- On average, since 2006 total production 
and use of biodiesel have increased at 
an annual rate of 62% and 90%, 
respectively  

- An increasing portion of the  biofuels on 
the Dutch transport market is produced 
from waste streams; in 2019 the share 
of these feedstocks rose to 81%, with 
used cooking oil accounting for a share 
of 55%. It is attractive to use waste 
based biofuels because their energy 
content may be  counted twice to 
achieving the targets.  

- There is one renewable diesel (HVO) 
plant operated by Neste with an annual 
capacity around 1 Mton (1.2 billion 
liters) and one BioMCN plant producing 
440 kton biomethanol  

- Most subsidies and funding programs 
support the development and 
deployment of renewable gas 
production and refueling pumps for 
natural gas, and high biofuels blending 
rates of E85, HVO100 and B30. 
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advanced biofuels for the Dutch market, is 
currently work in progress.  

Country  Market -pull policies  Technology push policies  Effectiveness of the biofuel policies  

New 
Zealand 

Biofuels mandates  
- No mandate on biofuel use or any biofuel 

volume obligations  
Fuel excise tax reduction/exemption  
- Fuel excise exemption for ethanol 

(including imported ethanol)  
- No excise exemption for biodiesel or other 

biofuels 
Other policies  
- Emissions trading scheme 
- There are currently no specific policies 

promoting advanced biofuels deployment  
- There are no investment subsidies 
supporting biofuel deployment.  

- A limited amount of government funds 
to support the development and 
deployment of biofuels markets  

- Due to a lack of policy support ,  biofuels 
production in New Zealand has been 
very limited - Sporadic production of 
ethanol and biodiesel due to the lack 
of biofuel mandates  

- No production of advanced biofuels at 
demonstration or pre -commercial 
scales 

- Work is also underway to define best 
options to meet Paris GHG reduction 
targets such as buying international 
credits, emissions reductions and forest 
plantations.  

 

Norway Biofuels mandates  
- The 2021 blending mandate is 24.5 % for 

biodiesel, aiming for 40% in 2030. The 
blending obligation for bioethanol in 
gasoline has been 4% since 2017. 

- Mandatory blend-in of 0.5% biofuel in jet 
fuel started in 2018 (first worldwide).  

- The National Climate Plan 2021-2030, 
approved by the Norwegian Parliament 
April 14 th 2021, prolongs the blend-in 
mandate as the primary tool for biofuels 
till 2030.  

 
CO2 excise tax reduction/exemption  
- No CO2 tax for biofuels; Th e total tax for 
biodiesel is about 30% lower than for fossil 
diesel, and about 60% lower for bioethanol 
compared to gasoline.  

- There are public grants available for 
developing biofuel supply chains and 
production plants.  

 

- Norwegian domestic production of 
biofuels is low and constitutes about 
1% of the consumption. 

- The voluntary biofuel consumption 
above the blending mandate  for road 
transportation was about 4% of total 
fuel consumption in 2019.  

- There is a growing commercial interest 
for utilizing forest residues as 
feedstock for biofuels. Two plants are 
in progress for pilot stage.  

- Norway has 40 operating biogas plants 
for processing of municipal, food and 
industrial organic wastes and the 
number is growing. Of these, 10 plants 
produce biogas for transportation, 
mainly for buses and trucks.  

South Korea Biofuels mandates  
- The only biofuels with blending mandate is 

biodiesel currently at 3% (B3)  
- There are no market based- mechanisms 

such as Low Carbon Fuel Standard (LCFS), 

- Funding programs are available to 
support R&D for projects such as 
ethanol and biodiesel from algae; 
however, there is no financial 

- The share of biofuels for transport is 
modest at 2.5%. 

- On average, since 2007 production and 
use of biodiesel have increased at an 
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Carbon Tax and Emission Trading (cap-and-
trade) in South Korea.  

- There are no specific policies t o promote 
advanced biofuels or promoting aviation or 
marine biofuels in Korea.  

 

assistance in the form of loan 
guarantees or grants.  

 

annual rate of 14% and 36%, 
respectively  

- There are no ethanol, renewable diesel 
or other advanced biofuel production 
facilities  

- Ethanol blending is being evaluated at 
E3 and E5 levels for compatibility with 
current Korean infrastructure. 
Biomethane is also under evaluation.  

- Significant efforts are dedicated to 
commercializing algal biofuels.  

- South Koreaõs limited biomass 
resources coupled with the relatively 
high cost of producing biofuels are 
major barriers to achieving the 
countryõs 2035 implementation targets. 

- South Korea has had two major biofuels 
projects involving algae as feedstock  

Country  Market -pull policies  Technology push policies  Effectiveness of the biofuel policies  

Sweden Biofuels mandates  
- 5% biodiesel and 5% ethanol (energy 
content)  
- 16.4% biofuels (both ethanol and biodiesel, 

double counting advanced biofuels) 
(energy content)  

- Since 2018, GHG emissions reduction quota 
of 4.2% for gasoline and 21% for diesel 
from January 2021 

- The Government has proposed a policy for 
increased production and use of biojet 
fuels in Sweden, by mandate in July 2021 
starting with a reduct ion quota of 0.5%.  

 
Fuel excise tax reduction/exemption  
- The main legislation impacting biofuels are 

a tax exemption on biofuels used as 
transport fuels and a òpump lawó on 
distribution of biofuels.  

- The tax exemption has varied from full to 
reduced ta x exemption. For biofuels, it is 

- Bioenergy has a high priority within 
Swedenõs R&D portfolio 

- A $800 million climate investment 
subsidies program (KlimatKlivet) where 
projects are developed to reduc e fossil 
fuels use and associated carbon 
emissions  

 
 

- Biofuels for transport has expanded 
quickly in the market in recent years 
and in 2019 biofuels accounted for 
20.9% of all transport fuels sold 
compared to 5.1% in 2011.  

- The largest share biofuel wa s HVO fuel, 
which accounted for two thirds of all 
biofuels sold, equivalent to 25% of all 
diesel sold.  

- On average, since 2006 production and 
use of biodiesel have increased at an 
annual rate of 32% and 37%, 
respectively  

- Since 2006, no significant change in the 
production and use of ethanol  

- Swedish consumption of liquid biofuels 
is primarily based on imports, with only 
10-15% supplied by domestic 
production  
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until December 2021 and for bio -CNG, until 
December 2029. However, since January 
2018, all biofuels are fully exempted from 
the fuel tax.  

Other policies  
- The òpump lawó mandates fuel retailers 

that have a fuel turnover above 1500 m3 
per month to offer at least one fuel with a 
greater than 50% biofuel blend, meaning at 
least one pump dedicated to biofuels.  

- Carbon tax  
- As of April 2021, car buyers can receive a 
maximum SEK 70,000 bonus for certain more 
fuel ef ficient vehicles, or conversely be 
penalized for vehicles emitting more than 95 
gCO2/km  

- Numerous R&D projects on advanced 
biofuels have been developed at pilot 
and demonstration scales 

- Several commercial and demonstration 
co-processing projects at Swedish oil 
refineries.  

Country  Market -pull policies  Technology push policies  Effectiveness of the biofuel policies  

The US Biofuels mandates  
- Volume targets for biofuels including 

conventional corn -based ethanol and 
advanced, cellulosic and diesel biofuels: 36 
billion gallons per year (BGY) by 2022 
including 15 BGY of conventional corn 
starch-based ethanol and 21 BGY of 
advanced, cellulosic and biodiesel biofuels 
(i.e., 16  BGY of cellulosic biofuels, 4 BGY 
of advanced biofuels, and 1 BGY of 
biomass-based biodiesel) 

Fuel excise tax reduction/exemption  

- Blenders tax credit for biodiesel and 
renewable diesel  

Other policies  
- California and Oregon õs Low-Carbon Fuel 

Standard (LCFS) (and recently in the state 
of Washington) 

- Californiaõs cap and trade program 

- Loan guarantee programs intended to 
buy down the risk of constructing first 
of a kind scaled up commercial 
facilities.  

- Federal and States administer a wide 
variety of programs aimed at 
encouraging greater production and use 
of bioproducts and biofuels and the 
development of biomass supply chains 

 

- Over the past decade, the biofuels 
mandate has effectively propelled 
increased production and use of 
biofuels in  the US, primarily more 
conventional ethanol and FAME 
biodiesel 

- The US remains the largest producer of 
ethanol in the world (58%), followed by 
Brazil (26%) and EU (5%) 

- Diesel biofuels production reached 
about 2.5 billion gallons in 2017 as 
compared to 215 million gallons in 2010 

- In California , the volume of low carbon 
fuels consumed increased from 1,152 
million gasoline gallon equivalent 
(GGE) in 2011 to 2,314 GGE in 2019, 
(more than double increase) over the 
period of 2011-2019. 

- Large number of pil ot, demonstration 
and commercial advanced biofuels 
projects (e.g. 1.5 and 2G ethanol 
plants, renewable diesel, biojet, etc.)  
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Table 2.2. Production capacity and use of biofuels in member countries with blending mandates (2018 -

2019) 

Country  Biofuels production capacity 
(Million liters/year)  

Biofuel use  
(Million liters/year)  

Was the blending  
mandate met?  

Australia  Ethanol: 360 
Biodiesel: 110  

Ethanol: 250 
Biodiesel: 40 

No 
No 

Austria Ethanol: 246  
Biodiesel: 380 

Ethanol: 111 
Biodiesel: 592 

Yes 
Yes 

Brazil1 Anhydrous Ethanol: 23,400 
Hydrous Ethanol: 42,660 
Biodiesel: 9,331 

Ethanol: 33,800 
Biodiesel: 4,796 

Yes 
Yes 

Canada Ethanol: 1,750 
Biodiesel: 650 

Ethanol: 2,817 
Biodiesel: 661  

Yes 
Yes 

Denmark Ethanol: 0 
Biodiesel: 180  

Ethanol: 86 
Biodiesel: 220 

Yes 
Yes 

Germany Ethanol: 785 
Biodiesel: 3,465 

Ethanol: 1,502 
Diesel biofuels (FAME 
biodiesel and HVO): 27,61  

Yes 
Yes 

India Ethanol: 3,000 
Biodiesel: 660 

Ethanol: 1,808 
Biodiesel: 82.1 

No 
No 

Japan Ethanol: 35 Ethanol: 823 Yes 

The Netherland Ethanol: 420 
Biodiesel and Renewable 
diesel: 2,078 

Ethanol: 361 
Biodiesel: 701 

Yes 
Yes 

New Zealand Ethanol: 5.25 
Biodiesel: 0.45 

 No biofuels 
blending mandates  

Norway Ethanol: 15 
Biodiesel: 90 

Ethanol: 83 
Biodiesel: 440 

Yes 
Yes 

South Korea Biodiesel:1,325 Biodiesel: 1,162 No 

Sweden Ethanol: 230 
Biodiesel: 203 

Ethanol: 205 
Diesel biofuels (FAME 
biodiesel and HVO): 1,773 

Yes 
Yes 

US  Ethanol 59,800  
Biodiesel and Renewable 
diesel: 9,500 

Ethanol: 54,410 
Biodiesel and Renewable 
diesel: 7,4800 

Conventional 
ethanol and diesel 
biofuels: Yes 
Cellulosic and 
advanced biofuels: 
No 

 

2.3.3.  Low carbon fuel standard  

A more recent type of policy focused on decarbonising the transportation sector is low carbon fuel 
standard (LCFS). These types of policies, which are currently in place in the US states of C alifornia and 
Oregon (and recently in the state of Washington) and the Canadian province of British Columbia, 
incentivize the reduction in carbon intensity of transportation fuels including fossil fuels and biofuels (all 
fuels), rather than mandating defin ed volumes or blending levels (or selecting some types of biofuels as 
òadvancedó). As well as encouraging on-going more efficient production of conventional biofuels, LCFS -
based policies have also stimulated the development and production of lower carbon i ntensity advanced 
biofuels. 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. This translates 

 
1 Values for transport sector use. In units that produce anhydrous and hydrous ethanol, the anhydrous production capacity can b e 
counted within the hydrous production capacity. Considers an average of 180 days of harvest  
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into higher market values for these fuels. Although not LCFS, Germany and Sweden have also implemented 
GHG reduction-based quota obligations for biofuels use in their transport sectors.  
 
In contrast to biofuels blending mandates, LCFS policies do not have minimum GHG emission reduction 
requirements for specific fuel categories. LCFS policies are fuel -agnostic, with credits or deficits 
generated based on the carbon intensity (CI) of the par ticular fuel. The carbon intensity of a fuel is 
estimated in gCO2e/MJ using LCA and represents the GHG emissions emitted across the full life cycle of 
fuel from feedstock acquisition to production, use, and final disposition.  
 
In recent years, Canada and Brazil have been developing national LCFS-type policies to encourage the 
production and use of low carbon fuels. Partly based on its commitment at the Paris COP21 meeting, in 
2017, the Canadian government released its Regulatory Framework on the Clean Fuel  Standard (CFS), 
describing how Canada will transition from volumetric -based requirements towards a carbon intensity -
based approach. Around the same time, Brazil established its RenovaBio program to create a regulatory 
framework that will revitalize its bi ofuels sector by encouraging further energy efficiency gains in biofuels 
production and use. The RenovaBio regulations came into force in 2020 using market -based incentives, 
i.e., issuing GHG emissions reduction certificates, provisionally named òCBIOó. Both Brazilõs RenovaBio 
and Canadaõs CFS are discussed in more details in Chapters 3 and 4 in Appendix A, respectively.   
 
A clear benefit of LCFS policies is that they reward efficiency and encourage on -going innovation in 
biofuels production aimed at furth er reducing the carbon intensity of the overall process. Some of the 
approaches used to decrease the GHG emissions of biofuels include:  

¶ Development of òbolt-onó technologies which enable existing corn-ethanol dry mills in the US to 
convert corn kernel fib re coproduct into cellulosic ethanol ( California Air Resources Board, 2017 
and 2018).  

¶ Reusing or selling the carbon dioxide (CO2) produced by ethanol fermentation instead of treating 
the CO2 co-product stream as a waste ( State CO2-EOR Deployment Work Group, 2017). 

¶ Using carbon capture and sequestration  to capture the carbon dioxide released in ethanol 
production and store it underground   

¶ Transitioning away from using fossil fuel -based energy sources such as coal and natural gas to 
using heat and/or ele ctricity from renewable sources such as hydroelectricity, biogas/renewable 
natural gas or agricultural and forest biomass in the biofuels production processes  

¶ For existing renewable diesel (HVO/HEFA) facilities, using a green source of hydrogen can reduce 
the carbon intensity of the resulting biofuels. For hydrogen -related emissions, renewable diesel 
facilities vary in the efficiency of hydrogen recovery from off -gasses and re-use in the 
hydrotreating unit. Currently, existing renewable diesel facilities us e hydrogen derived from 
methane-steam reforming.  

¶ One of the primary sources of GHG emissions of biofuels is those associated with the upstream 
feedstock-related emissions (OõConnell et al., 2019).The biomass industry is making considerable 
progress in reducing the cost of biomass production and logistics. These include cheaper crop 
establishment, harvesting, collection and transportation by increasing the efficiency of logistics 
operations which result in a reduction in energy consumption and the associate d GHG emissions.    

 
As LCFS type policies become more common in increasing numbers of jurisdictions, the carbon intensity 
of current and emerging biofuels is expected to decrease.  
 
As well as reducing the carbon intensity of bioethanol and biodiesel production, LCFS policies have helped 
to stimulate the production of so -called òdrop-in biofuelsó such as HVO/HEFA fuels/renewbale diesel  
derived from used cooking oils, animal fats or tall oil, as the credits generated using these lower carbon 
intensive biofuels can make their production more economically viable . However, due to higher 
production costs compared to conventional FAME biodiesel, HVO/HEFA fuels are mainly sold in specific 
markets. These include California and  British Columbia, where LCFS policies incentivize biofuel 
production based on the biofuelõs carbon intensity, or Germany and Sweden, where other supporting 
policies based on GHG emission reductions are in place.  
 



Compare-and-contrast transport biofuel policies in member countries 

IEA Bioenergy Task 39 - Implementation Agendas: 2019 -2021 Triennium Update  39 

The impact that policies such as an LCFS can have on market development is indicated in Figure 2.2, 
which summarizes the volume of low carbon fuels consumed in California from 2011 to 2019. The volume 
of low carbon fuel s consumed in California increased from 1,152 million gasoline gallon equivalent (GGE) 
in 2011 to 2,314 GGE in 2019, (more than double increase) over the period of 2011 -2019.    

 
Figure 2.2. Alternative low -carbon fuel volumes used in California (California Air Resources Board, 2019)  

 

Overall, although  market -pull policies have been used successfully, to be fully effective they need to 
remain in place over man y years. The implementation of market -pull policies often requires governments 
to pick winners in advance (i.e., at a very early development stage) and this increases the risk that, 
although initially promising, these technologies may prove inferior in the  longer run.  

2.3.4.  Technology -push biofuels policies  

Despite the predominance of market -pull policies, technology -push policies have been successfully used 
to encourage research, development and demonstration (RD&D), particularly for advanced biofuels. As 
jurisd ictions such as the EU have put a limit on the production and/or use of conventional/food crop -
based biofuels and because of the higher market value of drop -in and advanced biofuels in places such as 
California and British Columbia due to their LCFS -type policies, the production of lower carbon biomass -
based advanced biofuels has been further encouraged in these regions. However, commercialization of 
biofuels from innovative tecnhnologies has been slow. They are either not available or not cost 
competitive with starch or sugar -based biofuels.  
 
As Table 2.3 shows, technology-push policies impact the development and deployment of advanced 
biofue ls and their supply chains, especially in countries that have established biofuel markets such as 
Brazil, the US, Canada, Austria, Denmark, Germany and Sweden. In all these countries, demonstration, 
pre-commercial and commercial advanced biofuels facilitie s have been developed. In other countries, 
the various types of funding programs have contributed to the production of advanced biofuels including 
cellulosic ethanol, Fischer ðTropsch synthetic fuels and other drop -in biofuels (e.g., biojet) at pilot and 
demonstration scales.   
  
As detailed in Table 2.1 and summarized in Table 2.3, in addition to de -risking advanced biofuel 
production, fina ncial schemes and incentives have also been used to improve infrastructure, feedstock 
production and supply chains and to address sustainability concerns that slow acceptance among users as 
new technologies and systems are introduced. Ideally, these polici es also foster an improved 
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understanding by energy and transport sector decision makers to enable more effective integrated 
planning and policy design.  
 
Table 2.3. Technology-push policies used by member countries to develop biofuels markets  

Grants for conversion technology development to increase technology 
readiness levels and to de-risk technology and supply chain 
development. Various grants and financial programs intended to de -risk 
early market  development and initial commercialisation for technologies 
with strong long -term market potential but high investment risk  

Australia, Austria, Brazil, 
Canada, Germany, South 
Korea, Sweden, US, 
China, India, Norway 

Loan guarantees and credit lines to buy down the financial risk of 
constructing first -of-a-kind larger -scale commercial facilities  

US and Brazil 

Rebates and tax incentives on bioenergy R&D expenses  Australia 

Rebates and bonuses to car buyers for the purchase of certain vehicles 
such as flex-fuel vehicles (FFVs) and other rebates such as reduced 
license fees and tax credits  

Austria, Brazil, Sweden  

Fiscal incentives and subsidies (e.g., reduced property tax, corporate 
tax, renewable energy depreciation on assists) 

Brazil, Japan 

Financial incentives for feedstock development and logistics  Brazil, US, India, Norway, 
Japan 

Grants for storage and distribution infrastructure  Canada, The Netherlands, 
Sweden  

 
A combination of technology -push and demand-pull policies will both be need ed to increase the rate of 
introduction and diffusion of advanced biofuel technologies. Although technology -push policies have been 
shown to generate innovation in advanced biofuels, the growth in demand induced by market -pull policies 
such as LCFS tends to increase public and private investment in more mature technologies.  

2.3.5.  Biofuel policies to encourage the decarbonisation of aviation and shipping sectors  

Most of the policies that have been used to promote renewable energy for transport have primarily 
focussed on road transport at a national level. Other important transport sectors such as aviation and 
shipping have received considerably less policy attention despite b eing significant energy consumers and 
carbon emitters. Both sectors are under increasing pressure to reduce their carbon and sulfur emissions. 
The government and industry efforts are increasing to reduce the GHG emissions from aviation and 
shipping industr ies, where electrification is much more challenging. The aviation has adopted a number 
of targets, including a 50% reduction in net aviation CO 2 emissions by 2050 (compared to 2005 levels) 
despite few direct support policies that target the use of renewabl e fuels in the aviation sector 
(International Air Transport Association (IATA), 2017).  
 
The revised RED (REDII) encourages the production and use of sustainable biofuels, particularly for the 
aviation and shipping sectors by òdouble-countingó (using a multiplier of 1.2) in their possible contribution 
towards the regionõs renewable transport target (International Council on Clean Transportation (ICCT), 
2018). The Netherlands, Norway, Sweden and the US have had policies in place for several years aimed 
at pr omoting production of alternative jet fuel. To date, seven alternative jet fuel production pathways 
and two coprocessing pathways had been certified for blending with traditional petroleum jet fuels, based 
on the ASTM D7566 specification (van Dyk and Saddler, 2021).  
 
Shipping mainly uses òheavyó fossil fuels that contain sulphur and heavy metals and, in parallel with 
aviation, will likely prove to be one of the hardest transport sectors to decarbonise. Apart from 
technological challenges, the type of renew able biofuels that will be used in shipping faces numerous 
barriers, such as the large price gap between renewable and conventional fuels and very limited 
regulations, particularly regarding the GHG emissions attributes of maritime fuels. International shi pping 
is regulated by the International Maritime Organisation (IMO). Since the Paris agreement (which did not 
include international shipping), the IMO has developed reduction strategies for GHG emissions and other 
air pollutants. In 2016, the IMO agreed to  a 0.5% cap on sulphur in its fuels by 2020 (International Maritime 
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Organisation (IMO), 2016). In 2018, the IMO reached an agreement on an òinitial strategyó to reduce CO2 

emissions from shipping. The initial strategy identifies measures that could indirec tly support the GHG 
reduction efforts. One of these measures concerns the use of zero -carbon or fossil -free fuels for the 
shipping sector and the development of robust lifecycle GHG/carbon intensity guidelines for alternative 
fuels (The Maritime Executive,  2018). 

2.3.6.  Biofuels production and use in member countries  

Figure 2.3 to Figure 2.17 show the biofuels production and use trends for the 11 -year period of 2010-2020 
in member countries; no figures are included for countries that did not produce or use significant volumes 
of biofuels during this period or where production and use data remain only partially verified or not 
available for that period. In addition, t hese figures show the trends of biofuels blending mandates which 
help to assess the effectiveness of the blending mandates on the production and use trends. The impacts 
of other policies on the biofuels markets and the development and deployment of advance d biofuels are 
summarized in Table 2.1.   
 
 

 
Figure 2.3. Biofuels production and use in Australia (2010-2019) 
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Figure 2.4. Biofuels production and use in Austria (2010 -2018) 

 

 
Figure 2.5. Biofuels production and use in the transport sector in Brazil (2010-2019) 
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Figure 2.6. Biofuels production and use in Canada (2010-2019) 

 

 
Figure 2.7. Biofuels production and use in Denmark (2010 -2019) 
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Figure 2.8. Biofuels production and use in Germany (2010 -2018) 

 

 
Figure 2.9. Biofuels production and use in India (2014 -2019) 
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Figure 2.10. Biofuels production and use in Ireland (2005 -2018) 

 

 
Figure 2.11. Biofuels production and use in Japan (2010 -2018) 

 

0

100

200

300

400

500

600

700

800

900

0

100

200

300

400

500

600

700

800

900

2010 2011 2012 2013 2014 2015 2016 2017 2018

B
le

n
d

in
g

 v
o

lu
m

e
 (

M
L

)

M
ill

io
n

 l
it
e

rs
 (

M
L

)

FAME biodiesel- Production

Conventional and cellulosic ethanol- Production

FAME biodiesel- Use

Conventional and cellulosic ethanol- Use

Biofuels mandate-ethanol



Compare-and-contrast transport biofuel policies in member countries 

IEA Bioenergy Task 39 - Implementation Agendas: 2019 -2021 Triennium Update  46 

 
Figure 2.12. Biofuels production and use in the Netherlands (2010 -2020) 

 

 
Figure 2.13. Biofuels production and use in New Zeland (2010 -2018) 
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Figure 2.14. Biofuels production and use in Norway (2016 -2020) 

 

 
Figure 2.15. Biofuels production and use in South Korea (2010-2019) 
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Figure 2.16. Biofuels production and use in Sweden (2010-2017) 

 

 
Figure 2.17. Biofuels production and use in the US (2006-2017) 
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mandate, there is a sporadic production of ethanol and biodiesel and the biofuels industry has not been 
able to establish a stable market. Lack of market development due to the absence of blending mandate 
is also observed for biodiesel in Japan and ethanol in South Korea. In Australia, although the state of New 
South Wales (NSW) has mandated the use of biofuels, the blending mandate has been ineffectual as the 
Government grants the liable party (fuel distributors) e xemptions due to a supposed lack of supply 
although many biofuel plants have been idled due to lack of demand. A review of biofuels production and 
use trends also reveals that biofuels market growth was not geographically or temporally uniform.  
 
Member countries indicated that a variety of factors, especially uncertainty about future policy impact 
the effectiveness of policies in creating a stable environment for the increased production and use of 
biofuels. Other important factors include non -compliance costs, the nature of future funding and 
incentive programs as well as possible unforeseen impediments to global trade such as tariffs, and also 
future availability and cost of sustainably certified feedstocks.  
 
In Japan, concerns over food security when usi ng feedstocks such as corn (grain) has hindered further 
expansion of conventional biofuels production and use in this country. Lack of access to commercial 
quantities of affordable feedstock has been one of the main barriers to developing and implementing 
biofuels policies in countries such as New Zealand, Australia, Japan and South Korea. Sustainability of 
particular feedstocks such as palm oil and used cooking oil especially has been a concern among EUõs 
member states desiring to increase their production  and use of biofuels. In Denmark, use of biomass for 
bioenergy (i.e., heat and power) has been given a priority over biofuels for transport. In the US, the slow 
rate of commercialisation of advanced biofuels since the inception of Renewable Fuel Standard i n 2005, 
coupled with the fact that advanced biofuels, at this stage of development and in the current market and 
policy environment, remain non -cost-competitive with starch or sugar -based biofuels, has resulted in a 
reduction in future volume mandates for advanced, cellulosic and biodiesel biofuels over time.  
 
Although conventional  biofuels (i.e., sugar/starch -based ethanol and FAME biodiesel) comprised most of 
the biofuels market share in member countries, worldwide efforts continue to assess the potentia l 
production and use of so-called drop -in and other advanced biofuels. The growth of advanced biofuels 
has been led by HVO/HEFA fuels/ renewable diesel, followed by ethanol from cellulosic materials such as 
corn fibre, and by fuels from thermochemical gasif ication - or pyrolysis-based processes. HVO/HEFA fuels 
are increasing being used to decarbonise the long -distance transport sector, trucking in particular.  Most 
of the drop-in biofuels that are currently produced are made via the òconventionaló route, based on the 
upgrading of lipids/oleochemicals. Globally, it has been estimated that over 7.5 billion liters of renewable 
diesel are produced by 8 companies in 11 facilities loc ated in the US, Europe and Singapore. As shown in 
Figure 2.18, HVO/HEFA fuels production has experienced significant growth from about 265 million liter s 
(ML) in 2007 to over 7,500 ML in 2020; an average annual growth of 41%.  
 
Among member countries, HVO/HEFA fuels has been produced only in the US and the Netherlands but it 
has been used by several member countries to meet their blending mandates and the GHG emission 
reduction goals in the transport sector including Germany, Swe den, the US, and Canada.  
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Figure 2.18. Global growth of HVO/HEFA fuels/renewable diesel  production capacity since 2007 (Preem, 

2018; CBSCI, 2019; (S&T)2 Consultants, 2020) 

 
The growth in drop -in biofuels production capacity is anticipated to continue significantly with the 
increasing pressure to decarbonize long-distance transport sectors such as trucking, aviation and marine. 
Drop-in biofuels are shovel -ready solutions to decarbonize these sector s without the need to invest in 
downstream distribution systems and vehicle engines. Figure 2.19 shows regional projection of HVO/HEFA 
fuels production capacity by 2025 (Greenea, 2021).  
 

  
Figure 2.19. Regional projection of HVO/HEFA fuels/renewable diesel production capacity by 2025 

(Adapted from Greenea, 2021) 
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Due to the higher production cost of HVO/HEFA fuels as compared to FAME biodiesel, these fuels are 
mainly sold in markets such as California and British Columbia where Low Carbon Fuel Standard policies 
incentivize biofuels based on their ca rbon intensity, or where other supporting policies based on GHG 
emission reductions such as in Germany and Sweden are in play. Figure 2.20 shows the average market 
value of cellulosic ethanol and renewable diesel compared to other fuels in the US in 2019. Supporting 
policies such as Californiaõs LCFS, Federal Renewable Fuel Standard (RFS) and the biodiesel/renewable 
diesel income tax credit have made the U S, and California in particular, a very attractive market in which 
to sell drop -in biofuels and advanced biofuels.      
 

 
Figure 2.20. Average market value of cellulosic ethanol and renewable diesel compared to other fuels in 

California in 2019 (Lane, 2020) 

 
In addition to the renewable diesel, sustainable aviation fuel (SAF)/biojet is expected to experience a 
fast growth by 2030. In 2019, only two companies produced significant volumes of SAF/biojet including 
World Energy in the US and Neste in the Netherlands, both using hydrotreatment of lipids technology, 
producing about 140 million liters (van Dyk and Saddler, 2021). Both facilities have the capacity to 
increase biojet production with the right ma rket conditions. Currently, a majority of their biorefinery 
capacity is used to produce renewable diesel, motivated by attractive profit margins in the California 
market. Construction of additional facilities for biojet/SAF production is underway or planne d globally. 
This is based on hydrotreated lipids and other technologies such as gasification and Fischer -Tropsch, and 
alcohol-to-jet (ATJ). With the planned Biojet/SAF facilities, production capacity can potentially increase 
to about 3,500 million liters b y 2025 (Figure 2.21).  
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Figure 2.21. Biojet/SAF Production Capacity Growth: 2020 -2025 (ArgusMedia, 2020; van Dyk and Saddler, 

2021) 

 
For Biojet/SAF to take off, regulators need to create a framework that mandates their use and 
incentivizes production of biofuels for use in aviation.  The ICAO previously tried and failed to implement 
a global SAF blending mandate. However, regulators at the regional, national, and local level are starting 
to develop policies to support the penetration of biojet including:  
 
2020 ð Norway mandate of 0.5% SAF 
2030 ð Norway mandate increases to 30% 
2021 ð Sweden proposal for 0.8% emissions reduction obligation for domestic jet fuel  
2030 ð Sweden mandate for 27% reduction in emissions  
2035 ð Finland targets 30% SAF in aviation 
 
Aviation is included in the EU's Emission Trading Scheme (ETS). Biojet/SAF made from non -crop feedstock 
can also be used to meet the targets under the EU Renewable Energy Directive (RED I until 2020; RED II 
for 2020-2030). In the US, SAF can be used to meet the advanced biofuel targets under the Renewable 
Fuel Standard (RFS), a federal mandate for the road transport sector. In California, the Air Resources 
Board (CARB) has approved a pathway that allows the voluntary use of hydroprocessed esters and fatty 
acids (HEFA) under its Low Carbon Fuel Standard (LCFS). This cap-and-trade system targets a 7.5% decline 
in the carbon intensity of its transport fuel emissions from 2010 levels by 2020 ( -20% by 2030). 
 
In addition to the production of conventional and drop -in biofuels in stand -alone facilities, another low -
carbon fuel  pathway is co-processed fuels produced in the existing oil refineries. Co -processing is the 
insertion of bio -based intermediates (biogenic feedstocks) into existing refinery processing units. As 
shown in Figure 2.22, co-processing is not a single pathway to produce low carbon intensive fuels, a 
variety of insertion points are possible including Fluid Catalytic Cracker (FCC), Hydrotreater, 
Hydrocracker.  
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Figure 2.22. Insertion point of co -processing at oil refineries ( van Dyk et al., 2019)  

 
Low-carbon-intensive (CI) lipid feedstocks such as used cooking oil, tallow and tall oil can be readily  
integrated into existing petroleum infrastructure (van Dyk et al., 2019). This provides an opportunity to 
use existing oil refineries to co -process biogenic feedstocks in the short -to-mid-term, complemented by 
biomass-derived-biocrudes in the mid -to-longer-term to produce commercial volumes of low CI fuels.  
  
Approximately 40 refineries around the world have implemented or are assessing the potential to co -
process biogenic feedstocks at blend levels ranging from 2 -30 vol%. Some oil refineries, such as Preem in 
Sweden, are well advanced in producing and marketing co -processed fuels (Ecofys, 2017, Ebadian, et al., 
2019, van Dyk et al. 2019). Preem has been marketing òPreem Evolution Dieseló since 2011 with this drop-
in fuel having a 20% renewable content, pri marily based on Tall Oil feedstocks. More recently used cooking 
oil and animal fats have also been added to the biogenic feedstock stream to provide a low -carbon fuel 
that is marketed as Evolution Diesel+ (IEA Bioenergy, 2018).  About 50% of the renewable content of 
Evolution Diesel+ comes from rapeseed methyl ester (RME) and the remainder mostly from Hydrated 
Vegetable Oil (HVO). In June 2021, Preem carried out the production of renewable petrol from sawdust 
at its refinery in L ysekil. Work has now started to process 50,000 tons of pyrolysis oil at the plant. The 
renewable raw material will be delivered from the Swedish company Pyrocell 2.  
 
In addition to Sweden, low carbon intensive fuels via co -processing has been produced in Brazil, the US, 
Canada and Norway. In the province of British Columbia (BC) in Canada, as part of the Provinceõs overall 
low carbon fuels standard (LCFS) strategy, components such as Part 3 Agreements have been successfully 
used to òencourageó industries such as BCõs oil refineries, to consider co-processing as one way of 
reducing the carbon intensity of their processes and products. Similarly, Californiaõs LCFS has encouraged 
two oil refineries in the US to produce low -carbon fuels via co-processing. Co-processing pathway has also 
being approved by the US EPA to generate RINs under RFS program (D5 RINs (advanced biofuel)) ((S&T)2 
Consultants, 2020).  
 
The potential advantages of following a co -processing approach as compared to building or reconfiguring 
a stand-alone biofuel plant are:  

¶ The abil ity to leverage existing oil refining infrastructure to produce low -carbon-intensive drop -in 
fuels 

¶ A relatively less capital -intensive way to encourage oil refineries to produce, distribute and market 
low-carbon-intensive fuels  

¶ Lower upfront investment cos ts compared to building stand -alone biorefineries  

 
2 http://www.biomassmagazine.com/articles/18093/preems -refinery -in-lysekil -begins-producing-renewable-gasoline  

https://www2.gov.bc.ca/assets/gov/farming-natural-resources-and-industry/electricity-alternative-energy/transportation/renewable-low-carbon-fuels/rlcf014_-_projects_supported_under_part_3_agreements.pdf
http://www.biomassmagazine.com/articles/18093/preems-refinery-in-lysekil-begins-producing-renewable-gasoline
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¶ A variety of insertion points within the refinery are possible (e.g. Fluid Catalytic Cracker (FCC), 
Hydrotreater, etc.), thus readily incorporated into most refinery configurations  

¶ Improving the properties of the finished fuels, e.g. lower sulfur content  

Although the co -processing rate or the volumetric ratio of biogenic feed to crude oil will be a key factor 
in defining the economics and technical challenges of co -processing, low rates (up to 10%) should be able 
to be implemented with minimum technical challenges.  
 
The production of advanced biofuels from cellulosic feedstocks, including cellulosic ethanol has, so far, 
only been demonstrated at a relatively small scale due to the slower than forecast progress in scale up 
and commercial deployment. The majority of exi sting capacity is for cellulosic ethanol (1.5G and 2G), 
produced in the US, Brazil and EU due to supporting policies. In addition to blending mandates for 
conventional biofuels, some EU member states, including Austria, Denmark, the Netherlands and Italy, 
have developed or are developing blending mandates for advanced biofuels.  
 
Global production capacity for advanced biofuels at the end of 2015 was estimated to be 850 million liters 
per year (Araújo et al., 2017; IRENA, 2016). Planned capacity expansions add about 1.5 million liters of 
new capacity per year, with initiatives underway in Brazil, China, Canada, France, the Netherlands, 
Sweden, the United Kingdom, and the US (Araújo et al., 2017; IRENA, 2016). While the majority of existing 
capacity is for ce llulosic ethanol, this advanced biofuel has so far only been produced in relatively small 
volumes.  
 
Ethanol production from corn fiber (Generation 1.5) has become an area of active R&D and 
commercialization in the US since 2014, when the EPA classified co rn kernel fiber as a crop residue (Seven 
corn ethanol plants approved to produce cellulosic ethanol from corn kernel fiber).  In 2017, five corn 
ethanol plants, with a combined capacity of nearly 2 billion litres (500 million gallons), were approved by 
the US Environmental Protection Agency (EPA) to generate Renewable Identification Numbers (RINs) 
credits under RFS2 program (REN21, 2018). 
 
Although only 38 million litres of US RFS2 eligible cellulosic ethanol was produced in 2018, the amount of 
so-called ògeneration one -point -five (1.5 Gen)ó ethanol produced from corn kernel fibre in conventional 
corn ethanol plants is expanding. In 2017, five corn ethanol plants, with a combined capacity of nearly 2 
billion litres (500 million gallons), were approved by the US Environmental Protection Agency (EPA) to 
generate Renewable Identification Numbers (RINs3) credits under RFS2 program (REN21, 2018). A number 
of pilot, demonstration and pre -commercial advanced biofuels plants in other member countries such as 
Australia, Austria, Brazil, Canada, Denmark, India, Germany and Sweden are also producing or have 
produced òadvancedó biofuels from biomass feedstocks ranging from agricultural and forest residues and 
the cellulosic portion of municipal waste streams.  
 
Commercialisation of thermally -based processes for producing biofuels including  hydrothermal 
liquefaction, pyrolysis and gasification is also advancing . Enerkem in Canada adapted its commercial -
scale gasification plant in Edmonton, Alberta, which processes 300 tonnes per day of sorted municipal 
wastes, to produce ethanol instead of methanol, and this fuel qualifies as cellulosic ethanol under the US 
RFS2. Additional plants based on this technology are under development in the Netherlands and China 
(ChemEurope.Com, 2018; REN21, 2018). In addition, Ensyn in Canada has been providing pyrolysis oils 
from its Ontario -based production plant to US customers for space heating and cooling applications, with 
this fuel also qualifying as a cellulosic biofuel under the US RFS2 program (Ensyn, 2018). In Norway, a 
first -of-its-kind demonstration plant is being developed based on hydrothermal liquefaction technology. 
The company Steeper Energy (Denmark and Canada) is licensing its proprietary Hydrofaction technology 
to Silva Green Fuel, a Norwegian-Swedish joint venture (Biofuels International, 2017). Licella (Australia) 
is in a joint venture with the forestry company, Ca nfor (Canada), to produce and upgrade bio -crude 

 
3 ñRenewable Identification Numbersò (RINs) are saleable regulatory credits that represent a quantity of qualifying 

renewable fuel. To qualify as a renewable fuel under the US RFS program, a fuel should be produced from an 

approved feedstock through an approved pathway. 
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produced by a hydrothermal liquefaction process in the Canadian province of British Columbia, and 
previously announced plans to build a plant in Australia.  
 
Biomethane has been mainly produced in the US and the EU. The largest market for biomethane is the US 
and its production has been stimulated since 2015 when biomethane began to be included in the cellulosic 
biofuels category of the RFS2 program. US biomethane consumption grew nearly six -fold between 2014 
and 2016, then increased another 15% in 2017 to 17.4 PJ (EPA, 2017a; REN21, 2018). The other globally 
significant market for biomethane is Europe where consumption increased 12% between 2015 and 2016, 
to 6.1 PJ. Production and use in the EU were concentrat ed in Sweden (4.7 PJ), where producing 
biomethane from food wastes is encouraged as part of a comprehensive waste reduction policy, and where 
use of biomethane as a transport fuel is prioritised over its use for electricity production or for injection 
into  gas grids. In 2016, Germany (1.3 PJ) was Europeõs second largest user of biomethane for transport 
(IEA Bioenergy Task 37, 2017; REN21, 2018).  
 
A list of current facilities that produce advanced biofuels at pilot and demonstration scales can be found 
at the IEA Bioenergy Task 39õs large-scale demonstration plants website:  
https://demoplants.best -research.eu/ .  
 
Despite considerable progress being made in the technical aspects of advanced biofuels producti on, it is 
widely recognized that the right policies will be needed to help expand commercialization. For example, 
the Brazilian initiated Biofuture Platform, a 20 -member country collaboration, has highlighted the 
importance of the right policies enhancing low-carbon biofuel production and use. EU policy support for 
advanced biofuels and the increasing number of quota policies announced by member states is also 
anticipated to catalyze commercial development (BioFuture Platform, 2018).  

2.3.7.  Sustainability require ments in biofuels policies  

Sustainability requirements are increasingly being incorporated into biofuels policies. Life Cycle 
Assessment (LCA) of GHG emissions is currently the predominant method used to assess the sustainability 
of many renewable fuel pat hways, including biofuel blending mandates. To become eligible, biofuels 
producers and suppliers typically have to òpetitionó to be a supplier of a fuel via an approved fuel 
pathway. A fuel pathway is usually a combination of three components that include feedstock, production 
process, and fuel type, and an assessment of the fuelõs lifecycle GHG emissions will determine which fuel 
pathways can qualify.  
 
For example, the EU REDII requires a respective 50% and 60% minimum GHG reduction in 2017 and 2018, 
compared to fossil fuels. This policy also prohibits growing potential biofuel feedstocks in areas that 
already contain high carbon stocks (i.e., wetlands or forests) or have high biodiversity (e.g., primary 
forests or grasslands). The EUõs RED II provides default GHG emission values and calculation rules for 
liquid biofuels in Annex V and for solid and gaseous biomass for power and heat production in Annex VI. 
The current default values will be revised and updated when technological developments make it 
necessary. Producers have the option to either use default GHG intensity values provided in RED II or to 
calculate actual values for their respective production pathways (Lonza, L. and O'Connell, A., 2018) with 
the REDII GHG savings thresholds for renewable fuels summarized in Table 2.4.  
 
Table 2.4: Greenhouse gas emissions savings thresholds in RED II (Lonza, L. and O'Connell, A., 2018) 

Plant operation start date  Transport 
biofuels 

Renewable transport fuels of 
non-biological origin  

Electricity, heating 
and cooling 

Before October 2015 50% - - 

After October 2015  60% - - 

After January 2021 65% 70% 70% 

After January 2026 65% 70% 80% 

 

https://demoplants.best-research.eu/
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Similarly, the USõs renewable fuel standard (RFS2) has a minimum GHG reduction requirement with all 
feedstock-to-biofuel pathways requiring approval by the US Envi ronmental Protection Agency (EPA) 
before credits can be generated.  
 
The US EPAõs RFS program covers the four categories of renewable fuels mandated under this program 
and their minimum GHG reduction requirement is summarized in Table 2.5. A list of approved pathways 
for renewable fuels and completed pathway assessments under the US EPAõs RFS program can also be 
found at  
https://www.epa.gov/renewable -fuel -standard-program/approved -pathways-renewable-fuel.   
 

Table 2.5. Renewable fuel categories under the RFS program (US EPA, 2017b; Gottumukkala and Hayes, 

2018) 

Category Code Minimum GHG 
emissions reduction 

requirment 1 

Description  

Cellulosic Biofuel  D3 60% Renewable fuels made from cellulose, 
renewable gasoline, biogas-derived CNG and 
LNG 

Cellulosic Diesel D7 60% Cellulosic diesel, jet fuel and heating oil  

Advanced Biofuels D5 50% Renewable fuels other than ethanol derived 
from corn starch (sugar cane ethanol), biogas 
from other waste digesters, etc.  

Biomass-Derived 
Diesel 

D4 50% Renewable fuels that meet the definition of 
either biodiesel or non -ester renewable 
diesel.  

Renewable Fuel D6 20% Renewable fuels produced from corn starch or 
any other qualifying renewable biomass  

1 compared to the petroleum baseline  
 
In some cases, sustainability concerns have led to revisions of existing policies. For example, the clean 
energy and emissions reduction goals proposed by the European Commission include a ramp down in the 
use of conventional biofuels for transport and an increasing role for advanced biofuels and other low -
carbon alternatives, such as renewable electricity (IRENA, IEA and REN21, 2018). In RED II, within its 14% 
transport GHG emissions reduction target, there is a dedicated sub -target for advanced biofuels produced 
from specified feedstocks, as listed in Part A of its Annex IX. Advanced biofuels must supply a minimum 
of 0.2% of transport  energy by 2022, 1% by 2025, and at least 3.5% by 2030 (European Commission, 2019). 
 
Member countries such as Austria, Denmark, the Netherlands and the US have addressed sustainability 
concerns by introducing specific mandates for more sustainable advanced  biofuels as well as providing 
direct financial incentives. For example, the US, through its federal level RFS2, and California, through 
its state level LCFS, support the development of advanced biofuels by valuing them higher than 
conventional biofuels in  trading mechanisms. Countries such as Australia support the development of 
advanced biofuels through research and development grants. The under -developed federal Clean Fuel 
Standard (CFS) regulations (coming into force in December 2022) will require the c onsideration of 
additional sustainability criteria beyond LCA such as land use change and biodiversity, the riparian and 
protected zones for the use of agricultural and forest biomass in the production of advanced biofuels.  

2.4.  Conclusion and Policy Implications  

Policies have been and will continue to be essential if we are to foster the growth of biofuels to 
decarbonise transport, particularly long -distance transport. Various types of policies have and continue 
to be successfully used, including blen ding mandates, excise tax reductions or exemptions, renewable or 
low carbon fuel standards, as well as a variety of fiscal incentives and public financing mechanisms. These 
policies have been applied to stimulate different stages of the biofuels production  and consumption supply 
chain.  

https://www.epa.gov/renewable-fuel-standard-program/approved-pathways-renewable-fuel.
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Biofuel blending mandates or obligations remain the primary biofuels policy tool that has been used by 
most of member countries and  they have been used successfully to establish and grow biofuels markets. 
However, historical ly, these obligations have been based on the volume or energy content of the biofuel, 
rather than its decarbonisation potential. Consequently, this has not maximised the potential to reduce 
the carbon intensity of the biofuel. In contrast,  more recent poli cies, such as LCFS, are spurring 
development and production of lower carbon intensity fuels, both conventional and advanced biofuels. 
As a result, several jurisdictions such as California, Oregon, Washington and British Columbia, Canada and 
Brazil, have shifted their policy focus from mandating blending levels to establishing LCFS to further lower 
the carbon intensity of their transportation fuels .  
 
Biofuels production and consumption data for the 11 -year period of 2010-2020 showed that in most of 
member countries, biofuels policies played an important role in developing and growing regional and 
national biofuels markets. Based on information collected from member countries, existing biofuels 
policies have a range of strengths and limitations, as summarized in Table 2.6. Thus, a mixture of market -
pull and technology -push policy instruments is typically used to try to establish or grow current  biofuels 
markets, to enable some of member countries to meet their ambitious GHG emissions reduction goals and 
fulfill their commitments to the Paris Agreement. Member countries that have achieved the most success 
in growing their production and use of biofuels have u sed a mixture of market -pull and technology -push 
policies.  
 
To date, most of the policies used to promote transport decarbonisation have focused on increasing the 
use of biofuels in cars -and-trucks at a national level (road transportation). Other key tran sport sectors 
such as aviation and shipping have drawn considerably less policy attention despite being significant 
energy consumers and carbon/GHG emitters. Both sectors are under increasing pressure to reduce their 
carbon and sulfur emissions. The government and industry efforts are increasing to reduce the GHG 
emissions from aviation and shipping industries, where electrification is much more challenging.  
 
While transport  biofuels production  and use has more than doubled over the last decade, progress i n 
expanding biofuels production remains well below the levels needed to significantly decarbonise 
transport; as of 2017, over 96.7% of transport sector energy was derived from petroleum products. The 
levels of biofuels required depend on the future demand for petroleum products, including transport 
fuels, as well as GHG emissions reduction goals, the carbon intensity of biofuels and t he adoption rate of 
alternatives to biofuels such as electrification.  
  
While policies have been essential in promoting the o n-going growth of biofuels, they have not been 
sufficient to drive the level of development needed. Several factors continue to impact the effectiveness 
of biofuels policies, including: relatively low petroleum and fossil fuel prices; uncertainty about fut ure 
policy and funding programs to support conventional and advanced biofuels; inconsistent regulation in 
the global trade of biofuels; and continuing concerns related to food security, land use change and overall 
sustainability and access to secure supply of affordable feedstocks. However, sustainability requirements 
are increasingly being incorporated into biofuels policies, with LCFS -type policies that incentivize 
reductions in carbon intensity and assure sustainability increasingly being used. These typ es of policies 
should lead to more stable and larger markets for low carbon intensity fuels, promoting the greater 
production and use of biofuels, particularly in sectors such as aviation and marine, where alternatives to 
using biofuels to achieve decarbon ization targets remain elusive.  
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Table 2.6. Strengths and limitations of existing biofuels policies used in member countries  

Policy instrument  Strengths  Limitations  

Biofuel blending mandates  - Effective for developing a biofuel market at early 
stages 

- Effective in establishing biofuels markets and in 
shielding biofuels from low oil prices  

- Greater certainty of increased development  
- Broadly effective to support technologies that are 

relatively mature, as they create a demand for 
biofuels, which is typically met with commercial 
conversion technologies such as conventional ethanol 
or biodiesel  

- Need to balance costs of infrastructure while 
demand is low in early stages 

- Need suitable governance to ensure compliance 
- Not necessarily so useful in expanding 

/maintaining markets  
- Not necessarily successful for meeting GHG 

reduction targets  
- Limited in their capacity to pull early -stage 

technologies into the market, since these are 
often not yet fully commercially viable, or are 
typically more expensive to be produced 
commercially - struggling to compete against 
þrst generation conventional biofuels 

Excise duty 
reductions/exemptions/credits  

- Increases the competitiveness of biofuels with fossil 
fuels, especially at early stages of development, if 
fossil and renewable fuels are taxed d ifferently  

- Mainly used to make the production of biofuels 
economically competitive with fossil fuels in the 
short-to-mid term  

- Can be also considered for the production of biomass 
such as dedicated biomass crops (e.g., switchgrass, 
carinata, willow) in order to ensure sufficient 
feedstocks for production of conventional and 
advanced biofuels and ultimately achievement of 
mandates for use 

- Broadly effective to support technologies that are 
relatively mature, as they create a demand for 
biofuels, which is  typically met with commercial 
conversion technologies such as conventional ethanol 
or biodiesel  

- As fuel excise rates vary, this may not be a 
strong enough driver to foster the biofuels 
market as a stand-alone policy  

- Limited in their capacity to pull e arly-stage 
technologies into the market, since these are 
often not commercially viable, or are typically 
more expensive to be produced commercially - 
struggling to compete against þrst generation 
conventional biofuels  

 

Low carbon fuel standard (LCFS) - Technology neutral  
- Favours technologies able to offer the most significant 

decarbonisation relative to cost  
- Spurs the development and production of more life 

cycle efficient advanced biofuels  
- Encourages conventional biofuels producers to low er 

their carbon footprint, e.g., by transitioning away 

- Unlikely to simulate demand for higher cost, 
less-developed technologies with long -term 
potential  

- Determining l ife cycle emissions is complex and 
time consuming and requiring big data 
collection  
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from fossil fuel -based energy and making better use of 
their by -products such as CO2 

- Results of life cycle analysis depend on system 
boundaries, allocation methods and other 
assumptions and are subject to debate  

- Need suitable governance to ensure compli ance 
- Need suitable verification process to measure 

the carbon intensity of biofuels produced from 
different feedstock -conversion technology 
pathways 

Research, development and 
demonstration funding and financial 
de-risking measures, mainly for 
advanced biofuels and power-to-X 
technologies 

- Necessary to support early market technology 
development and initial commercial projects with 
longer-term market potential but high investment risk  

- Successful in de-risking technology and catalysing 
private  investment for subsequent stages, somewhat 
sparing public budgets as technologies advance into 
commercial stages 

- Financial risks associated with potential project 
failures  

Sustainability requirements  - Propel the production and use of advanced lower 
carbon intensity biofuels using non-food crop 
feedstocks such as municipal solid waste (MSW), used 
cooking oil, and agricultural and forest residues  

- Could constrain further production of 
conventional biofuels from food crops, even for 
cases where there is little potential for 
detrimental indirect land use changes  

- Could make waste production profitable, which 
is not in line with overall waste reduc tion 
initiatives and polices  
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https://www.maritime-executive.com/article/imo-agrees-to-co2-emissions-target
https://www.maritime-executive.com/article/imo-agrees-to-co2-emissions-target
http://task39.sites.olt.ubc.ca/files/2019/02/Task-39-Drop-in-Biofuels-Full-Report-January-2019.pdf
http://task39.sites.olt.ubc.ca/files/2019/02/Task-39-Drop-in-Biofuels-Full-Report-January-2019.pdf
http://task39.sites.olt.ubc.ca/files/2021/06/IEA-Bioenergy-Task-39-Progress-in-the-commercialisation-of-biojet-fuels-May-2021.pdf
http://task39.sites.olt.ubc.ca/files/2021/06/IEA-Bioenergy-Task-39-Progress-in-the-commercialisation-of-biojet-fuels-May-2021.pdf


Appendix A- Country Chapters 

IEA Bioenergy Task 39 - Implementation Agendas: 2019 -2021 Triennium Update  63 

Appendix A - Country Chapters  

Appendix A provides the update on biofuels policy and market development for each member 
country  based on the collected data and information from the completed questionnaires . 
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1.  Australia  

 Steve Rogers, Licella 
 

Summary 
¶ Australiaõs emissions have declined 16.7% since the peak in the year to June 2007. In the year to 

March 2020, emissions per capita and the emissions of the economy were at their lowest levels in 
30 years but remain the highest per capita in the OECD countr ies.  

¶ The transport sector is responsible for 18.9% of national emissions and continues to increase.  

¶ Biofuels are not currently included in any National Renewables Policy and whilst there is a federal 
biofuels incentive scheme, there is no federal biofuels  policy and this is left to the States.  

¶ So far, only two states have biofuels mandates, Queensland and New South Wales (NSW). The 
biofuels mandates in Queensland are 0.5% biodiesel and 4% ethanol, and 5% biodiesel and 6% 
ethanol (volume basis) in NSW. The NSW biofuels mandate, despite being in place since 2007, is 
ineffective as it is not enforced.  

¶ The Producer Grant Scheme to reduce fuel excise for ethanol and biodiesel was revised in 2016. 
For biodiesel, excise increments year on year until it reaches 5 0% of the fossil diesel excise. Ethanol 
excise is capped at a lower price relative to biodiesel due to its lower energy content.  

¶ The current production of ethanol and biodiesel in Australia constitutes only about 1% of the overall 
national consumption of petrol and diesel.  

¶ The Australian Government introduced a carbon pricing scheme or òcarbon taxó through the Clean 
Energy Act 2011. However, the initiative faced significant challenges from the opposition and the 
public, as it resulted in increased energy prices for both households and industry and was finally 
repealed in 2014.  

¶ There are no advanced biofuels mandates and there is no production and only limited use of 
HVO/HEFA fuels. 

¶ Exxon-Mobil refinery in Melbourne and BP refinery in Perth have announced t heir closure and 
conversion to import terminals.  

¶ The Australian Government provides grants for R&D programmes in the area of renewable energy 
technologies, and invests in related R&D and early stage commercialisation.  
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1.1.  Introduction  

In Australia, federal energy policy is a political minefield and has been the downfall of numerous party 
leaders and Prime Ministers over the past ten years 4.  During this time, Australia has changed Prime 
Ministers six times. The very challe nging federal electoral term of only three years, along with strong 
vested interests in fossil fuels, has made it impossible to get any long term energy policy in place to 
extend the federal Renewable Energy Target (RET). The RET was originally established in 2001 and 
subsequently extended in 2011 to deliver 45,000 gigawatt -hours of renewable electricity by 2020 as part 
of the Labour governments Clean Energy Future Package that also introduced a price on carbon as well 
as established the Clean Energy Finance Corporation (CEFC) and ARENA ð The Australian Renewable Energy 
Agency. The Liberal opposition led by Tony Abbott had the reform of the carbon tax as a cornerstone 
policy and following Abbottõs election, the Labour governmentõs Clean Energy Future Package was 
dismantled in 2014; however, the CEFC and ARENA have remained despite Abbott trying to remove them.  
The latest federal attempt to link to policy Australiaõs Paris GHG reduction obligations of 26% reduction 
on 2005 levels through the National Energy Guarantee (NEG) has been dumped following the removal of 
the latest Prime Minister Malcolm Turnbull.  Turnbull has lost his leadership twice now over climate policy 
and has now resigned from politics.    
 
Currently, Australia produces about 2.4% of total wor ld energy and is a major supplier of energy to world 
markets, exporting more than three -quarters of its energy output, worth nearly $A 80 billion. Australia is 
the worldõs largest exporter of coal which accounts for more than half of Australiaõs energy exports and 
is worth more than $A 40 billion. Additionally, Australia is one of the worldõs largest exporters of uranium, 
and is ranked sixth in terms of liquefied gas (LNG) exports. In contrast, more than half of Australiaõs liquid 
fuel needs are imported. A ustralia is the worldõs twentieth largest consumer of energy and fifteenth in 
terms of per capita energy use.  
 
Australiaõs primary energy consumption is dominated by coal (around 40%), oil (34%) and gas (22%). Coal 
accounts for about 75% of Australiaõs electricity generation, followed by gas (16%), hydro (5%) and wind 
(around 2%) (see Figure 1.1 and Figure 1.2).  2 

 
 

 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 1.1. Australiaõs Primary Energy Consumption 
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Figure 1.2. Australiaõs Electricity Generation      

 
Australiaõs emissions have declined 16.7% since the peak in the year to June 2007. The year to March 
emissions were 3.1% below emissions for the year to June in 2000 and 14.3% below emissions in the year 
to June 2005 (Figure 1.3). In the year to March 2020, emissions per capita and the emissions of the 
economy were at their lowest levels in 30 years.  
 
Emissions for the year to March 2020 are estimated to be 528.7 Mt C Oѩ-e. The 1.4% or 7.7 Mt COѩ-e 
decrease in emissions over the year to march reflects annual decrease in emissions from the electricity, 
transport, industrial and agriculture sectors. These decrease in emissions were partially offset by 
increases in emissions from stationary energy, fugitive, and land use, land use change and forestry sectors 
(see Figure 1.4 and Figure 1.5).  3 
 

Figure 1.3. Emissions, by quarter, March 2005 to March 2020 (Source: Department of Industry, Science, 

Energy and Resources) 
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Figure 1.4. Percentage change in emissions, by sector, since year to March 2020 
(Source: Department of Industry, Science, Energy and Resources) 

 

Figure 1.5. Share of total emissions, by sector, for the year to March 2020  
(Source: Department of Industry, Science, Energy and Resources) 

 
Australiaõs geography necessitates its heavy reliance on air travel, long-distance road freigh t and rail and 
marine freight.  In Australia, transport is responsible for 18.9% of national emissions. 4 Electrification is 
expected to have a significant impact on the light vehicle transport sector in the long term (2050+) but 
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currently no incentives exis t and cars are sold at a considerable premium 5 resulting in only 20,000 6 or just 
0.1% of the 20 million motor vehicles currently registered in Australia.  As such, without any significant 
policy changes, liquid fuels will remain critical across all vehicle types and specifically fuels in heavy 
freight, shipping and aviation wh ere their high energy -density is important.  
 
With the closure of the Shell and Caltex refineries in Sydney and the BP refinery in Brisbane, the Australian 
transport sectorõs dependence on crude oil and fuel imports has grown from around 60% in 2000 to more 
than 90% today, this is likely to increase even further with the recent announcement of the closure of 
BPõs Kwinana refinery in Perth7  and ExxonMobilõs announcement to close their Altona refinery in 
Melbourne8.  

 

 

Figure 1.6. Transport emissions, actual and trend, by quarter, March 2010 to March 2020  
(Source: Department of Industry, Science, Energy and Resources) 

 

These refinery closures together with its reliance on commercial storage for fuel security has resulted in 
a Fuel Security Package9 being announced by the Australian Federal Government that hopes to assure 
some refining capacity is retained as well as the construction of additional storage facilities to provide 
some level of fuel secur ity.  
 
The fuel security package aims at securing local industry capabilities, while keeping fuel prices in 
Australia among the lowest in the OECD. The fuel security package also aims to secure jobs in the fuel 
sector and in fuel -dependent industries. The next steps in the governmentõs fuel security package is: 
- Investing $A 200 million in building new diesel storage in Australia through a competitive grants    
  program 
- Creating a minimum stockholding obligation for key transport fuels  

 
5 https://electricvehiclecouncil.com.au/wp -content/uploads/2020/08/EVC -State-of-EVs-2020-report.pdf  Appendix 2 
6 https://thedriven.io/2020/12/23/how -many-electric -cars-are-there -in-australia-and-where-are-they/  
7 https://www.bp.com/en/global/corporate/news -and-insights/press-releases/bp-to-cease-production -at-kwinana-refinery -and-
convert -to-fuel -import -terminal.html  
8 https://www.exxonmobil.com.au/News/Newsroom/News -releases-and-alerts/2021/Altona -refinery -2021 
9 https://www.energy.gov.au/government -priorities/e nergy-security/australias -fuel -security-package 

https://electricvehiclecouncil.com.au/wp-content/uploads/2020/08/EVC-State-of-EVs-2020-report.pdf
https://thedriven.io/2020/12/23/how-many-electric-cars-are-there-in-australia-and-where-are-they/
https://www.bp.com/en/global/corporate/news-and-insights/press-releases/bp-to-cease-production-at-kwinana-refinery-and-convert-to-fuel-import-terminal.html
https://www.bp.com/en/global/corporate/news-and-insights/press-releases/bp-to-cease-production-at-kwinana-refinery-and-convert-to-fuel-import-terminal.html
https://www.exxonmobil.com.au/News/Newsroom/News-releases-and-alerts/2021/Altona-refinery-2021
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- Developing a long-term income stream to refineries that value their contribution to national  
  security and sovereign capability  

- Modernising Australiaõs current suite of liquid fuel legislation to support a more effective 
  government response in the event of market d isruptions. 5 

Figure 1.7. Consumption of primary liquid fuels, actual and trend, by quarter, March 2010 to March 2020 

(Source: Department of Industry, Science, Energy and Resources) 

1.2.  Main drivers for biofuels policy  

Four of the six States and the two Territory governments have made commitments to renewable energies 
for electricity; however, there are no national renewable fuels targets, with only the States of New South 
Wales (NSW) and Queensland having any mandates (Table 1.1).  
 

Table 1.1. Renewable energy (electricity) and biofuel mandates in Australian States and Territories  

State/Territory  Target Target 
Date 

Net Zero 
Emission 
Target 

Current % 
Renewable 
Energy 

Biodiesel 
mandate (%) 

Ethanol Mandate 
(%) 

ACT 100% 2020 2050 22   

SA 50% 2050  47   

VIC 40% 2025 2050 12   

Queensland 50% 2030 2050 7 0.5 4 

NSW No 
target  

 2050 17 5 
(achieving 0.1)  

6 
(achieving 2.5)  

Tasmania 100% 2022 2050 92   

WA No 
target  

 No 7   

Northern 
Territory  

50% 2030 No 2   

National 26% 2030     

 
Unfortunately, the NSW mandate is ineffectual as the Government grants the liable party (fuel 
distributors) exemptions due to a supposed lack of supply although many biofuel plants have been idled 
due to lack of demand (see Section 4 below). Understandably  investors are scared to invest in new plants 
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due to this, which results in the policy being ineffective. As a consequence, GHG emissions from transport 
have increased by 22% since 2005 and now account for 18.9% of total emissions, up from 14% in 2005 (See 
Figure 1.4, Figure 1.5 and Figure 1.6). 6 
 
For a volume fuel retailer to meet the six percent ethanol mandate, at least 60% of petrol sold would 
need to be E10. This goal was not achieved by volume fuel retailers as demonstrated in Figure 1.8 and . 
Overall, only 25% of fuel sales were E10 from the period of 2018/2019.  
 
 

Figure 1.8. E10 Sales since July 2010 

(Source: IPART, Ethanol Market Monitoring 2018/19 Final Report, December 2019)  

 
Table 1.2. Biofuels results achieved by volume fuel retailers, 1 January ð 31 March 2020 

(Source: FairTrading NSW) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
With the fragmented State policies the federal Liberal/National Coalition party hasnõt to date shown any 
interest in enhancing any biofuels policy although in 2020 they commissioned Deloittes to undertake a 
Bioenergy Roadmap.  This is anticipated to be rel eased in early 2021. The existing ethanol policy was 
found in a 2015 report from the Federal Audit Office to be ineffectual and to have benefited one company 
significantly.  
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Excerpt of findings from the Auditor Generalõs report into the federal ethanol incentive program:  
 

    
 

1.3.  Biofuels policy  

As outlined in  Figure 1.9, biofuels are currently not included in any National Renewables Policy and whilst 
there is a federal biofuels incentive scheme, there is no federal biofuels policy and this is left to the 
States. So far, only two states Queensland and New South Wales (NSW) have mandates but unfortunately 
the NSW mandate, despite being in place since 2007 is ineffective as outlined above.  
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Figure 1.9. Timeline of Australian policies and commissioned reports on biofuels           

(Source: ResearchGate) 

 
Table 1.3 and Figure 1.10 display the sales of petroleum products in Australia.   
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Table 1.3. Sales of petroleum products by type 2018 -2019 (ML) (Source: Australian Petroleum Statistics - 
Issue 282, 2020) 
 

 
 

 

 

Figure 1.10. Australian Petroleum Statistics (Energy.gov.au) 

(https://www.energy.gov.au/sites/default/files/Australian%20Petroleum%20Statistics%20 -

20Issue%20282%20January%202020_0.pdf) 

 

Petroleum Product  Fuel Type % Sales Amount (ML) 

LPG Automotive Use 1% 608.2 

Non-Automotive Use 2.47% 1496.3 

 

Automotive Gasoline 

Regular (<95 RON) 16.26% 9882.1 

Premium (95-97 RON) 3.62% 2195.4 

Premium (98+ RON) 5.08% 3077.9 

Ethanol-Blended Fuel 4.02% 2435.0 

Aviation Turbine Fuel  Domestic 5.68% 3445.6 

International  9.87% 5988.6 

 

 
Misc. 

Aviation Gasoline  0.11% 66.9 

Diesel Oil 48.24% 29255.1 

Fuel Oil  1.67% 1012.6 

Lubricating Oils & Greases 0.55% 332.6 

Other Products 1.43% 865.8 

Total:  60,662.1 

Sales of petroleum Products by Type 2018-2019 (ML)

LPG (Automotive Use)

LPG (Non-Automotive Use)

Regular (<95 RON)

Premium (95-97 RON)

Premium (98+ RON)

Ethanol-blended fuel

Aviation Turbine Fuel (Domestic)

Aviation Turbine Fuel (International)

Aviation Gasoline

Diesel Oil

Fuel Oil

Lubricating Oils & Greases

Other Products

https://www.energy.gov.au/sites/default/files/Australian%20Petroleum%20Statistics%20-20Issue%20282%20January%202020_0.pdf
https://www.energy.gov.au/sites/default/files/Australian%20Petroleum%20Statistics%20-20Issue%20282%20January%202020_0.pdf
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Figure 1.11. State Biofuel Mandates in Australia  

 
The Queensland mandate was introduced in January 2017 as part of its Bio -Futures Package, which is a 
very positive initiative that has garnered widespread interest from other countries interested in the 
enormous potential of Queenslandõs biomass resources. The launch of the mandate was accompanied by 
a successful advertising campaign explaining the benefits of using et hanol. There was also an App 
developed to allow drivers to determine if ethanol could safely be used in their cars. 8  
 
Australia has natural advantages for producing bioenergy, including expertise in agricultural science, an 
established agricultural econom y and an abundance of natural resources. With the right policies, Australia 
has enormous potential to significantly increase supply and demand of biofuels, even in a scenario with 
significant electrification of transport and mining demand. Aviation, marine  and heavy vehicles have few 
or no alternatives to using liquid fuels. The largest increase in liquid fuel demand in Australia over the 
long term is expected to be in aviation fuel.  In the 2040 scenario by Climate Works Australia partially 
illustrated in  Figure 1.12, advanced/drop -in biofuels make up an increasing share of biofuels supply as 
they become more cost -competitive, since such biofuels face fewer  barriers to entry such as the need for 
engine modifications at high biofuel blend rates. ARENA anticipates that in the longer term 
advanced/drop -in biofuels will have a substantially larger share of the Australian biofuels market than 
ethanol and FAME biodiesel.  
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Figure 1.12. Energy supply projections ð non-electricity  

(Source: ClimateWorks Australia) 

1.3.1.  Biofuels obligations  

As outlined above, biofuels are currently not included in any National Renewables Policy and whilst there 
is a federal biofuels incentive scheme, there is no federal biofuels policy and this is left to the States. So 
far, only two states have mandates including Queensland and New South Wales (NSW) (Table 1.4) but 
unfortunately the NSW mandate despite being in place since 2007 is ineffective as the mandate is not 
enforced due to lack of supply.  
 
Table 1.4. Current biofuels mandates in Australia  

STATE Biodiesel Mandate  Ethanol Mandate  

NSW 5.0% (achieving 0.1%) 6% (achieving 2.5%) 

QLD 0.5% 4% 

 
The current production of ethanol and biodiesel in Australia constitutes only about 1% of the overall 
national consumption of petrol and diesel.  
 
Concerns have been expressed about possible petrol engine damage by ethanol and fuel distributors round 
down the octane of 10% ethanol blended fuels from 94.8% to show an octane of 94 at the pump. Despite 
most Australian vehicles being able to use a blend of 10% of ethanol with petrol without modification; 
this is a sufficient deterrent to stop them using the eth anol blended fuels, despite the cleaner burning 
properties. Overall there is a lack of understanding of different fuel types by the majority of consumers 
enabling the fuel retailers, through their marketing efforts, to increase sales of their higher margin , 
higher octane (98) fuels.  
 
While biofuels have been justified as extending supplies of liquid transport fuels, their use is 
complementary to other technologies aimed at improving fuel efficiency. Significant changes in social 
attitudes to vehicles, parti cularly in urban areas, are needed if congestion and air pollution are to be 
reduced. Many other technologies have been demonstrated but need to be reduced in cost to be 
commercially viable. 9 The use of stronger, lighter vehicle materials reduces weight an d thus fuel 
consumption and emissions of GHGs. The industry rule is that a 10% weight reduction gives a 5% increase 
in fuel efficiency, but the use of composite materials across the vehicle can increase this to 10%. The 
benefits of weight reduction can be further realised if coupled to a hybrid or electric vehicle.  
 
Current hybrid vehicles can reduce petrol consumption by about a third. As highlighted above though, 
there are currently no incentives or policies to incent the use of more efficient less GHG p roducing 
vehicles. 
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The Queensland Government has set a state target to reach zero net emissions by 2050. Along with the 
interim target for at least a 30% reduction in emissions on 2005 levels by 2030, this target is a critical 
first step to drive the inves tment and action needed to transition Queensland economy to a zero emissions 
future.  
https://www.qld.gov.au/environment/climate/climate -change/response/greenhouse-
emissions#:~:text=Along%20with%20the%20interim%20target,to%20a%20zero%20emissions%20future 
 
There is no LCFS or similar fuel efficiency standard. Light and Hea vy vehicles in Australia have to comply 
with regulations based around Euro V resulting in current noxious emissions standards now trailing most 
other developed countries including the EU, US, Canada, Japan and South Korea 10.  Consultation is 
currently unde rway looking to mandate the implementation of Euro 6d 11 from July 2027.  
 
There are currently no policies or incentives in place to promote aviation or marine biofuels . 

1.3.2.  Excise duty reductions  

The Producer Grant Scheme whereby the producer of ethanol or biodiesel was provided with a grant 
equivalent to the excise amount (see  Figure 1.13) was stopped in June 2015, with excise being removed 
on these two commodities. Going forward, excise for these biofuels increments up year on year. For 
biodiesel, this occurs until the biodies el excise reaches 50% of the fossil diesel excise. Ethanol excise is 
however capped at a lower price relative to biodiesel due to its lower energy content.  
 

 
Figure 1.13. Fuel excise changes (assumed 2.5% CPI indexation) 

 
Disappointingly, in the excise adjustments, no provision was made for renewable diesel (which was in the 
earlier scheme) as it was deemed not required as none was being produced at commercial scale. Bioenergy 
Australia is currently wo rking to try to have renewable diesel again included in excise benefits.  
https://www.statedevelopment.qld.gov.au/industry -development/biofutures.html  
 
The Australian Government introduced a carbon pricing scheme or òcarbon taxó through the Clean Energy 
Act 2011. The initiative was intended to control emissions in the country, as well as support the growth 
of the economy through the development of clean energy techno logies. It was supervised by the newly -
created Climate Change Authority and the Clean Energy Regulator. However, although it did achieve a 
reduction in the countryõs carbon emissions, the initiative faced significant challenges from the opposition 

 
10 P33 of footnote 8  
11 https://www.infrastructure.gov.au/vehicles/environment/forum/files/light -vehicle-emission-standards-for -cleaner-air.pdf  

https://www.qld.gov.au/environment/climate/climate-change/response/greenhouse-emissions#:~:text=Along%20with%20the%20interim%20target,to%20a%20zero%20emissions%20future
https://www.qld.gov.au/environment/climate/climate-change/response/greenhouse-emissions#:~:text=Along%20with%20the%20interim%20target,to%20a%20zero%20emissions%20future
https://www.statedevelopment.qld.gov.au/industry-development/biofutures.html
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and the public, as it resulted in increased energy prices for both households and industry and was finally 
repealed in 2014.  
https://www.centreforpublicimpact.org/case -study/carbon -tax-
australia/#:~:text=The%20Australian%20government%20introduced%20a,development%20of%20clean%20e
nergy%20technologies 

1.3.3.  Fiscal Incentives  

Not available  

1.3.4.  Investment subsidies  

Queensland is by far the most prominent state in terms of promoting the use of biofuels. In 2016, it 
launched its Bio-futures program that aims to develop a $1 billion bioeconomy. Various Queensland State 
programs are in place to help support this.  
(https://www.statedevelopment.qld.gov.au/industry -development/biofutures.html .)  

1.3.5.  Other measures stimulating biofuels implementation  

The Australian Renewable Energy Agency (ARENA) was established in 2011 to improve the competitiveness 
of renewable energy tech nologies and to increase the supply of renewable energy. It provides grants for 
R&D programmes in the area of renewable energy technologies, and it invests in related R&D and early 
stage commercialisation.  It has invested in and continues to support the A ustralian bioenergy sector 
through co-funding grants; see 
https://arena.gov.au/about/what -is-renewable-energy/bioenergy/  
 
Australia has a very positive R&D arrangement were comp anies with a turnover of less than $20 million 
per annum are able to get a rebate of 43.5% on R&D expenses. 
https://www.ato.gov.au/Business/Research -and-development -tax-incentive/ .  
 
The Australian Renewable Energy Agency (ARENA) was established in 2011 to improve the competitiveness 
of renewable energy technologies and to increase the supply of renewable energy. It provides grants for 
R&D programmes in the area of renewable energy technologies, and it invests in related R&D and early 
stage commercialisation.  It has invested in and continues to support the Australian bioenergy sector 
through co-funding grants; see 
https://arena.gov.au/about/what -is-renewable-energy/bioenergy/  
 
The CEFC is also a $ A 100 million cornerstone investor in a $ A 200 million bioenergy fund that is run by 
the specialist investment organisation Foresight Group, which ha s invested in multiple bioenergy projects 
in the UK:  
http://www.foresightgroup.eu/institutional/our -business/infrastructure/australian -bioenergy-fund-
abf/  

Despite all the above incentives and funding opportunities, biofuels development and commercial 

deployment face a number of significant barriers including:  

¶ Lack of consistent policy causing geo-political risk  

¶ Australia is a high cost economy and this impacts the cost of feedstocks, including aggregation, and 

feedstocks also often have alternative, higher value uses  

¶ Lack of fuel distribution infrastructure, and conflict with the business models of existing oil 

companies 

https://www.centreforpublicimpact.org/case-study/carbon-tax-australia/#:~:text=The%20Australian%20government%20introduced%20a,development%20of%20clean%20energy%20technologies
https://www.centreforpublicimpact.org/case-study/carbon-tax-australia/#:~:text=The%20Australian%20government%20introduced%20a,development%20of%20clean%20energy%20technologies
https://www.centreforpublicimpact.org/case-study/carbon-tax-australia/#:~:text=The%20Australian%20government%20introduced%20a,development%20of%20clean%20energy%20technologies
https://www.statedevelopment.qld.gov.au/industry-development/biofutures.html
https://arena.gov.au/about/what-is-renewable-energy/bioenergy/
https://www.ato.gov.au/Business/Research-and-development-tax-incentive/
https://arena.gov.au/about/what-is-renewable-energy/bioenergy/
http://www.foresightgroup.eu/institutional/our-business/infrastructure/australian-bioenergy-fund-abf/
http://www.foresightgroup.eu/institutional/our-business/infrastructure/australian-bioenergy-fund-abf/
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¶ Inadequate or la ck of biorefining capacity (in Australia) to produce refined, drop -in biofuels suitable 

for end users 

¶ Low levels of consumer/investor knowledge and acceptance of bioenergy/biofuels  

¶ Fragmented biofuels supply chains 

ARENAõs investment in biofuels demonstration projects, and in some cases in research and development, 
has the potential to address these barriers and improve the competitiveness and supply of biofuels in the 
long term, as well as helping Australia capitalise on its natural advantages in producing  biofuels.  

1.4.  Promotion of advanced biofuels  

Currently, there are no specific policies promoting the sale of advanced biofuels and there is limited 
production of advanced biofuels in Australia. However, Australia has been one of the world leaders in 
development of advanced biofuels technologies due to its significant R&D tax credit outlined above and 
support from ARENA. As a consequence, Australia is home to the worldõs largest Hydrothermal 
Liquefaction (HTL) pilot plant at Licellaõs Somersby facility in NSW.  This is one of three pilot plants at 
the site and is capable of processing 10,000 tonne per year of feedstock slurry. Work at this site has 
enabled the development of two commercial projects in Canada and the UK.  
 
A domestic waste lube oil refiner, Southe rn Oil, is looking to leverage its refining capability at its 2 
facilities in Wagga Wagga and Gladstone and has announced plans for a 200 million liters ( ML) advanced 
biofuels plant at its Gladstone facility in Queensland. Work on HTL treatment of algae an d biosolids was 
undertaken by Muradel at their Wyalla facility in South Australia.  
 
Cellulosic ethanol development is also being assisted by ARENA through its support of Ethtec who aim to 
construct a $30 million purpose built pilot -scale facility in the Hunter Valley in NSW. The facility is 
targeting a range of non -food lignocellulosic biomass waste plant matter including sugarcane bagasse, 
forestry residues and cotton gin trash known. Curtin University has also received support for their research 
work on gasification and pyrolysis of mallee feedstocks. Gasification R&D projects also have been 
conducted on the production of advanced biofuels from algae and lignocellulosic biomass.  
https://arena.gov.au/projects/?project -value-start=0&project -value-
end=500000000&technology=bioenergy  
https://www.licella.com.au/facilities/   
https://www.licella.com.au/projects/   
http://www.sor.com.au/   
http://www.sor.com.au/northern -oil -advanced-biofuels-pilot -plant  
https://arena.gov.au/projects/advancing -marine-microalgae-biofuel -to-commercialisation/  
https://arena.gov.au/projects/advanced -biomass-gasification -technology/  

1.5.  Market development and policy effectiveness  

As can be seen from Figure 1.14, Table 1.5, Table 1.6 and Table 1.7 and the findings of the Auditor 
General, biofuel development has been inef fective with consumption actually declining and actual use 
being just over 1% of liquid fuels used.  

https://arena.gov.au/projects/?project-value-start=0&project-value-end=500000000&technology=bioenergy
https://arena.gov.au/projects/?project-value-start=0&project-value-end=500000000&technology=bioenergy
https://www.licella.com.au/facilities/
https://www.licella.com.au/projects/
http://www.sor.com.au/
http://www.sor.com.au/northern-oil-advanced-biofuels-pilot-plant
https://arena.gov.au/projects/advancing-marine-microalgae-biofuel-to-commercialisation/
https://arena.gov.au/projects/advanced-biomass-gasification-technology/
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Figure 1.14. Australian transport energy consumption, by major fuel type, 2004 -2019 (Source: Department 

of Industry, Science, Energy and Resources (2020) Australian Energy Statistics Table F) 
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Table 1.5- Australian renewable energy consumption, by fuel type, 2018 -2019 

(Source: Australian Energy Update 2019) 
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Table 1.6. The Australian Ethanol Industry (ML) 

(Source: USDA Foreign Agricultural Service, Australia Biofuels Annual November 2019) 
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Table 1.7. The Australian Biodiesel Industry (ML) 

(Source: USDA Foreign Agricultural Service, Australia Biofuels Annual November 2019) 

 
Despite significant investment and subsidies over the years, Australiaõs Biofuels industry is at its lowest 
output in a decade wi th only the Manildra and Wilmar ethanol plants producing anywhere close to their 
capacities and the United plant being idled in July 2020.  
 
Whilst there are three bio -diesel plants still operational (March 2021) they are all operating at significantly 
reduced capacity with two of the three plants being operated as adjacent businesses, Biodiesel Industries 
with a used cooking oil collections business and Just Biodiesel adjacent to a meat works.  Most production 
is targeted at the incented export markets of California and Europe where the prices possible justify the 
costs of production.  With the bio -diesel feedstocks of tallow a nd Used Cooking Oil (UCO) currently (March 
2021) costing (A$1,100-A$1,200 a tonne) ~15% more than the equivalent finished fossil diesel (A$1.1 vs 
A$0.95 a litre), it is clear that the domestic bio -diesel industry cannot currently compete against the non -
renewable fossil equivalents. List of operating and closed biofuels plants are shown in Table 1.8 and Table 
1.9.  
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Table 1.8. Operating Commercial Biofuels Plants in Australia  

Name of company  Location  Type Feedstock  Production 
Capacity 
(ML/year)  

Production 
(ML/year)  

Manildra Group Bomaderry NSW Ethanol Waste Starch 300 300 

Wilmar Sucrogen Sarina 
Queensland 

Ethanol Sugarcane 60 60 

Biodiesel Industries 
Australia 

Maitland Biodiesel Used Cooking Oil, 
Vegetable Oil 

20 1 

Ecotech Biodiesel Narangba 
Queensland 

Biodiesel Tallow, Usede 
Cooking Oil 

30 5 

Just Biodiesel 
Barnawartha 

Barnarwatha Vic Biodiesel Vegetable Oil, 
Tallow, Used 
Cooking Oil 

50-60 20 

Source CEFC Figure 1.8ð updated March 21 https://www.cefc.com.au/media/402280/biofuels -and-
transport-an-australian-opportunity -november-2019.pdf 
 
  

https://www.cefc.com.au/media/402280/biofuels-and-transport-an-australian-opportunity-november-2019.pdf
https://www.cefc.com.au/media/402280/biofuels-and-transport-an-australian-opportunity-november-2019.pdf
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Table 1.9. Closed or idled plants in Australia  

1.6.  Co-processing at oil refineries  

Currently, there are four operational refineries in Australia (see Figure 1.15 and Table 1.10); however, 
two (Mobil & BP) have recently announced that they will close their refining operations and convert to 
import terminals. Ampol is currently reviewing whether it too will convert its operations at Lytton to an 
import terminal.  If this is the case it would leave just one operational refinery in Australia being Vivaõs 
in Geelong. Currently, no co -processing is occurring in any of these plants.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 1.15. Map of oil refineries in Australia  

 

Name of company  Status (planned; 
operational; 

closed) 

Type Feedstock  Production 
Capacity 
(ML/year)  

United Petroleum  

Dalby BioRefinery  

Idled July 2020 Bioethanol Sorghum 80 

ARfuels Barnawatha  Closed 2016 Biodiesel Tallow, Used Cooking 
Oil 

60 

ARfuels Largs Bay Closed 2016 Biodiesel Tallow,  
Used Cooking Oil 

45 

ARfuels Picton  Closed 2016 Biodiesel Tallow,  

Used Cooking Oil 

45 

Macquarie Oil  Not producing bio -
fuels 

Biodiesel Poppy Seed Oil, 
Waste Vegetable Oil 

15 

Neutral Fuels  Closed Biodiesel Used Cooking Oils Unknown 

Smorgon Fuels ð 
Biomax Plant  

Closed Biodiesel Tallow, Juncea Oil, 
Canola Oil 

15-100 

Territory Biofuels  Closed 2009 Biodiesel RBD Palm Oil, Tallow, 
Used Cooking Oil 

140 
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Table 1.10. Oil refineries in Australia and their capacities  

Location  Company Capacity (ML)  

Melbourne ð Altona  Mobil 5000 

Brisbane ð Lytton  Ampol 6500 

Victoria ð Geelong Viva Energy 7500 

Western Australia ð 
Kwinana 

BP 8600 

Sources 

1.http://www.abc.net.au/news/2018 -08-23/climate -change-policy-a-brief -history-of-seven-
killings/10152616                                                                                        
2. https://www.ga.gov.au/scientific -
topics/energy/basics#:~:text =Australia%20produces%20about%202.4%20per,world's%20largest%20exporte
r%20of%20coal. 
3. https://www.industry.gov.au/sites/default/files/2020 -08/nggi -quarterly -update-march-2020.pdf 
4. https://arena.gov.au/assets/2019/11/biofuels -and-transport -an-australian-opportunity.pdf  
5.https://www.energy.gov.au/government -priorities/energy -security/australias -fuel -security -package 
6.https://www.abc.net.au/news/2019 -07-02/renewable -energy-targets-may-not-be-met-by-all -
states/11267824 
7.https://www.fairtrading.nsw.gov.au/__data/assets/pdf_file/0005/381488/Biofuels_results_4Q_2017.
pdf  
8.https://www.dnrme.qld.gov.au/__data/assets/pdf_fi le/0008/1445129/biofuels -discussion-paper.pdf  
9.https://www.atse.org.au/wp -content/uploads/2019/01/30 -50-technological -implications -australia-
population -2050-report.pdf  
10.https://royalsociety.org/~/media/royal_society_content/policy/publications/2008/7980 .pdf  
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2.  Austria  

Dina Bacovsky, Andrea Sonnleitner, BEST ð Bioenergy and Sustainable Technologies GmbH  
 

Summary  
¶ The main part  of the total GHG emissions in Austria comes from the energy sector with a contribution of 

69%. The main GHG contributor to the energy sector is the transport sector with 24 Mt CO 2eq which 
corresponds to 45% of emissions in the energy sector or 31% of total national emissions.  

¶ The primary policy instrument that encouarges the production and use of transport biofuels is biofuel 
blending mandate. The biofuel volume obligation includes at least 3.4% ethanol and 6.3% biodiesel on an 
energy content bases. The carbon intensity or emissions of biofuels are not currently taken into account.  

¶ Tax concessions are granted for fuels with a biofuel share of at least 4.4% (by energy content). However, 
to be eligible, the fuel must also be sulphur -free (less than 10 mg sulphur per kg of fuel). Since January 
2000, the use of neat or pure biofuels as fuels has been exempted from mineral oil tax.  

¶ The energetic substitution of biofuels consumed in road transport in Austria in 2018 was 6.25%. Of these, 
85% were Biodiesel, 11% Bioethanol and Bio-ETBE and 4% HVO (all by energy content). 

¶ To promote the production and consumption of advanced biofuels, the revised RED (RED II) targets will 
be implemented (0.2% target by 2022) in Austria.  

¶ There are no specific policies promoting aviat ion and marine biofuels in the country.  However, there is 
the intention to promote aviation biofuels. The COVID -19 induced rescue deal for the Austrian Airlines 
company is said to include conditions to reduce the airline's environmental impact.  

¶ Austriaõs sustainability assessments are based on RED and EU frameworks. All companies along the biofuel 
production chain have to be in charge of a certification either from a system authorized from the 
European Commission (EC) or a national or bilateral acknowledged system to be registered in the national 
monitoring system, elNa.  

¶ In Austria, one large bioethanol production facility and seven FAME (biodiesel) production facilities were 
operating in 2018. Other fuels, which are produced in smaller production facilities  with no relevant values 
available, are pure plant oils and biomethane. Currently, there is no domestic commercial production of 
advanced biofuels, HVO or HEFA in Austria, but since January 2021 one facility for the production of 
ethanol from brown liquor is operational at a pulp mill .  

¶ Biofuel produced from feedstocks with low carbon intensity in Austria find better markets in countries 
such as Germany and Sweden where a GHG reduction quota is obligatory. Therefore, there is an active 
export of biodiesel p roduced in Austria from waste materials.  

¶ In 2016, OMV, the only oil refinery company in Austria, successfully conducted the first field trial of co -
processing using rapeseed oil and obtained certification in accordance with the REDcert standard, an EU -
recognized system for the certification of su stainable biomass.  
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2.1.  Introduction  

The total primary energy supply (TPES) in Austria was 33.8 million tonnes of oil equivalent (Mtoe) in the 
year 2018. Renewable energy accounts for about 34% of Austriaõs total primary energy supply, most of it 
in the form of biofuels, combustible waste and  hydropower, around 35% of Austriaõs energy needs are 
produced domestically. The TPES is the national production plus imports minus exports. The TFC Total 
final consumption is the TPES minus transformation and other losses. As shown in Figure 2.1, energy 
supply and demand in Austria for the year 2018. National production comes to 12 Mtoe with the main part 
coming from renewables.  
 
The end energy consumption can be divided into 3 sectors ð manufacturing industry, transport and others 
including private and public applications as well as agricultural energy use. The share of the transport 
sector in total final energy consumption is 36%.  
 

 
Figure 2.1. Energy supply and demand in Austria, 2018. (data from Statistics Austria 2020)  

TPES Total Primary energy supply; TFC Total final consumption 

 
The total greenhouse gas emissions in Austria amounted to 79 Mt CO2eq in the year 2018 (UBA, 2019) (see 
Figure 2.2). This figure is calculated without Land Use, Land Use Change and Forestry ð LULUCF. Compared 
to the base year of 1990, GHG emissions in Austria increased by 0.7% and compared to the previous year 
(2017) decreased by 3.7%.  
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Figure 2.2. GHG emission trends in total and for transport (kt CO2eq) for Austria  

 
The main part of the total GHG emissions in Austria comes from the energy sector with a contribution of 
69%. The origin of 99% of these emissions is fuel combustion. The most important sub-category of the 
energy sector is the transport sector with 24 Mt CO 2eq which corresponds to 45% of emissions in the energy 
sector or 31 % of total national  emissions (see Figure 2.3).  
 

 
Figure 2.3. Emissions per sector (Mt CO2eq) in Austria 2018 

The Austrian transport sector showed a sharp rise in GHG emissions since 1990 with 14,000 ktCO2eq in 
2019 and 24,500 ktCO2eq in 2018, a rise of 75% . The reason was mainly the increased annual mileage in 
freight and passenger transport. In addition, the fuel export increased considerably since 1990, caused 
by lower fuel prices in Austria compared to neighbouring countries. In th e years from 2005 until 2012 the 
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GHG emissions were slightly decreasing due to the rising amounts of biofuels and the improved fuel 
consumption in newer vehicles.  

2.2.  Main drivers for biofuels policy  

The main driver for biofuels production in Austria is EU le gislation for the promotion of renewable energy. 
The rationale behind the EU legislation is a combination of concerns regarding energy supply security, the 
need for climate change mitigation, and the wish for rural development and job creation. While rural  
development and job creation were the main drivers in the beginning, the importance of climate change 
mitigation has increased and is reflected by ongoing discussions on the greenhouse gas emission benefits 
of biofuels.  
 
The EU has established a legal framework concerning transport fuels. These include the Renewable Energy 
Directive (RED) 2009/28/EC on the promotion and use of energy from renewable sources and the Fuel 
Quality Directive (FQD) 2009/30/EC. The RED has set a goal of 20% final energy consumption from 
renewable sources by 2020, and a specific sub-target of 10% share of renewable energy in the 
transportation sector by 2020; the FQD requires a minimum 6% reduction in GHGs per energy unit of 
transport fuel by 2020.  
 
Both directives include sustai nability criteria for biofuels, requiring at least 35% savings in GHG emissions 
as compared to fossil fuels by 2013. This requirement increased to at least 50% by 2017, and 60% by 2018 
for biofuels produced by new facilities. These EU Directives are bindin g for all member states and have 
been implemented into the respective national laws.  
 
Post 2020 targets for renewable energy are a minimum of 27% of final energy consumption in the EU as a 
whole by 2030. In December 2018, the revised Renewable Energy Directive (RED II) 2018/2001/EU entered 
into force, and new targets and also sub -targets for the transport sector have been defined. In RED II, the 
overall EU target for renewable sources share by 2030 has been raised to 32% in gross final energy 
consumption. For the transport sector, the overall goal is to reach 14% renewable energy by 2030; 
advanced biofuels may be double-counted for reaching this target, and renewable electricity used in 
vehicles may be quadruple-counted. Advanced biofuels should contribute a  minimum share of 0.2 % of 
biofuels by 2022, 1% by 2025, and 3.5 % by 2030. The contribution of conventional biofuels is capped at 
7% or lower, depending on the level of current consumption in the respective member state.  
 
In Austria, further legislation, transposing the new RED II Directive into national law needs to be created 
and will constitute the framework targets beyond 2020. The amendment of the respective laws is planned 
for June 2021. 
 
The national targets and objectives in the Integrated National  Energy and Climate Plan for Austria (2019) 
could be divided into 5 dimensions: decarbonisation, energy efficiency, security of energy supply, internal 
energy market, and research, innovation and competitiveness. Beside the objectives of the European 
climate and energy policy framework, Austria defined some specific targets for the years 2021 -2030 in 
NECP: 

¶ Reduction of GHG emissions (non-ETS) by 36% compared to 2005 

¶ GHG contribution in transport sector: -7.2 million t CO 2 equivalent compared to 2016 (total 

contribution)  

¶ Increase the share of renewable energy in gross final energy consumption of energy to 46 -50%, 

and source 100% of electricity consumption from renewables (nationally/balanced)  

¶ Increase the share of renewable energy in transport in 2030 to at l east 14% by using biofuels and 

increasing the share of e -mobility  
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2.3.  Biofuels policy  

The main legislations that have impacted the biofuels production and use in Austria include:   

¶ EU Renewable Energy Directive (RED) 2009/28/EC 

¶ EU Renewable Energy Directive (RED II) 2018/2001/EU 

¶ EU Fuel Quality Directive (FQD) 2009/30/EC 

¶ EU ILUC Directive 2015/1513/EU 

¶ Fuel Ordinance ð Kraftstoffverordnung 2012 BGBl. II Nr. 398/2012 idF BGBl. II Nr. 86/2018  

¶ Sustainability Ordinance ð Nachhaltigkeitsverordnung BGBl. II Nr. 157/2014  

¶ Ordinance on Agricultural Feedstocks for Biofuels - Landwirtschaftliche Ausgangsstoffe für 

Biokraftstoffe und flüssige Biobrennstoffe BGBl. II 250/2010  

¶ Mineral Oil Tax Law - Mineralölsteuergesetz 1995 BGBl. I Nr. 630/1994 idF BGBl. I Nr. 104/2018 

¶ Bioethanol Blending Order - Bioethanolgemischverordnung BGBl. II Nr. 378/2005 idF BGBl. II Nr. 

63/2016 

¶ Regulation on Emissions at Type Approval, Reg No. 715/2007 

¶ Regulation on Emission Performance of Cars, Reg. No 443/2009; Reg. No 333/2014 

Figure 2.4 shows the timeline of the biofuel policies that have been introduced in Austria to encourage 
the production and use of biofuels in the country  since 1995. Biofuel blending mandate has been the key 
policy instrument in Austria to support the development and deployment of transport biofuels markets. 
There are no market -based mechanisms such as Low Carbon Fuel Standard (LCFS) or Emissions Trading 
(cap-and-trade) in the country. To promote the production and use of advanced biofuels, the targets 
mentioned in the revised RED will be implemented (0.2% target by 2022).  
 
There are no specific policies promoting aviation and marine biofuels in the countr y. However, there is 
the intention to promote aviation biofuels, the COVID -19 induced rescue deal for the Austrian Airlines 
company is said to include conditions to reduce the airline's environmental impact.  

 
Figure 2.4. Timline of biofuel policies development in Asutria to encourage the production and use of 

biofuels  

2.3.1.  Biofuels obligations  

On 4 November 2004, the EU Biofuel Directive 2003/30/EC was transposed into Austrian national law with  
an amendment to the Fuel Ordinance of 1999. This amendment stipulates that all companies putting fuels 
on the market (e.g. OMV, the Austrian mineral oil company) must, from October 2005, replace 2.5% of 
the total energy quantity by biofuels. From 2007, th is percentage was increased to 4.3%, and in 2008 the 
target of 5.75%, as stipulated in the Directive, should be achieved.  
 
The EU Renewable Energy Directive (RED) 2009/28/EC and the Fuel Quality Directive (FQD) 2009/30/EC 
were transposed into Austrian nati onal law by again amending the Fuel Ordinance in 2009, 2012, 2014, 
2017 and 2018. The Fuel Ordinance stipulates: 
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¶ From 2010, 5.75% (by energy content) of all Otto and Diesel fuels should be biofuels or other 

renewable fuels.  

¶ The greenhouse gas emissions of all fuels supplied to the transport sector have to be reduced by 6% 

by 31 December 2020. 

¶ Fuels can only be counted towards these targets if they fulfill the sustainability criteria (same 

thresholds and requirements as in RED and FQD). Any feedstock produced in Austria must comply 

with EU regulations. Imported feedstocks or biofuels must be certified by another Member State or 

a voluntary scheme approved by the EC or Austrian control bodies.  

The Austrian regulation defines values as % by energy content. These values can be fulfilled by adding 5% 
by volume of ethanol to gasoline and 7% by volume of biodiesel to diesel. Table 2.1 shows biofuels 
obligations/mandates by energy content.  
 
Table 2.1 Biofuel obligations/mandates (% by energy content) since 2010  

Year Ethanol  Biodiesel  Advanced fuels  

2010 3,4 6,3  

2011 3,4 6,3  

2012 3,4 6,3  

2013 3,4 6,3  

2014 3,4 6,3  

2015 3,4 6,3  

2016 3,4 6,3  

2017 3,4 6,3  

2018 3,4 6,3  

2019 3,4 6,3  

2020 3,4 6,3 0,5* 

2020+ n.a.  n.a.  n.a.  

*With the implementation of RED II into national law this value will be changed   
 
As shown in Table 2.1, the current mandates or biofuel volume obligations in Austria include:  

¶ At least 3.4% of ethanol to be added to gasoline  

¶ At least 6.3% of biodiesel to be added to diesel The carbon intensi ty or emissions of biofuels are not 

currently taken into account  

Prior to the most recent developments, the òFuels Ordinanceó of 2012 defined technical specifications 
for motor fuels as well as substitution regulations for biofuels primarily with regard to  environmental 
performance aspects. As of December 2012, biodiesel was specifically defined as FAME (fatty acid methyl 
ester). FAME can be used as a blending component up to an amount of 7% (by volume) of the total diesel 
fuel. The biodiesel has to be prod uced exclusively from vegetable oils.  
 
Austriaõs sustainability assessments are based on RED and EU frameworks. The new EU RED and FQD 
directives are challenging. Ongoing Indirect Land Use Change (ILUC) and overall sustainability concerns 
are leading to a de-emphasis of conventional and advanced biofuels.  
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In Austria, all companies along the biofuel production chain have to be in charge of a certification either 
from a system authorized from the European Commission (EC) or a national or bilateral acknowledged 
system to be registered in the national monitorin g system, elNa.  
The following certification systems are used by Austrian producers:  

¶ 2BSvs 

¶ AACS (AMA) 

¶ BLE 

¶ ISCC DE 

¶ ISCC EU 

¶ Red Cert 

¶ Red Cert EU 

¶ Slovakian National System 

RED and FQD biofuel sustainability criteria are being implemented into Austrian law by two separate 
ordinances. The cultivation of feedstock is regulated by an ordinance on agricultural feedstocks for 
biofuels and bioliquids, while  the fuel mandate that came into force in 2011 governs the certification of 
commercialized biofuels. Double counting of GHG savings made by biofuels produced from wastes, 
residues, non-food cellulosic material and lignocellulosic material will be assessed on a case-by-case 
basis. 
 
To enter the biofuels market in Austria, the biofuel producers and importers have to register with elNa. 
Biofuel specifications have to match the existing standards for Diesel or Otto fuels. The production chain 
has to comply with  the sustainability criteria, and this has to be certified.  
 
If the obligated parties such as fuel suppliers do not comply with their quota obligations, they have to 
pay 43 û/GJ for lack of substitution of fossil petrol and 19 û/GJ for lack of substitution of fossil diesel as 
non-compliance penalty. In case of not achieving the goals for GHG emission reduction (6 % until end of 
2020), a non-compliance cost of 15 û/ tonne CO2 equivalent has to be payed by the obligated parties such 
as fuel suppliers and biof uel producers.  

2.3.2.  Excise duty reductions  

In 1999, an amendment of the Austrian tax law stipulated that there would be no tax on biodiesel and 
ethanol to a certain limit. Blends more than 5% in gasoline were taxed at the full amount. The òAustrian 
Decree on Transportation Fuelsó allows blending up to 7% biodiesel with fossil diesel. Also, if the biodiesel 
is produced in small -scale plants and it is exclusively used by farms themselves, it is free of mineral oil 
tax.  
 
Together with the amendment to t he Fuels Ordinance in 2004, the Mineral Oil Act has been revised 
(Mineral Oil Tax Law, BGBl. I Nr 180/2004). Accordingly, tax concessions are now granted for fuels with a 
biofuel share of at least 4.4% (by energy content). However, to be able to benefit fr om these tax 
concessions, the fuel must also be sulphur -free (less than 10 mg sulphur per kg of fuel). The use of pure 
biofuels as fuel has been exempted from mineral oil tax since January 2000. The Bioethanol Blending 
Order that entered into force in Octo ber 2007 allows refunding of the mineral oil duty for E75 blends.  

2.3.3.  Fiscal incentives  

There is no fiscal incentives for transportation biofuels in Austria.  

2.3.4.  Investment subsidies  

Currently, financial supports and funding is mainly available for electromobilit y, not for other alternative 
fuel vehicles. But there are some financial incentives available for sustainable mobility:  

http://ww3.umweltbundesamt.at/en/services/services_climate/services_climate_references/en_elna/
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¶ Some solitary incentives in some federal states are available for purchasing CNG driven cars. These 
incentives are in the range from 0 -1000û, sometimes in kind of fuel voucher. However, there are no 
tax incentives on the fuel.  

¶ There is funding available for the construction of plants for the production of sustainable liquid or 
gaseous fuels which have non-food feedstock. This would be for biomethane, syngas or advanced 
biofuel production. The grant is up to 20% of the investment  cost. Other investment subsidies include  

¶ There is funding available for Research and Development:  û 9 million under the Mobility for the Future 
program 

2.3.5.  Other measures used to stimulate the production and use of biofuels  

National funding is provided throu gh the Austrian Research Promotion Agency FFG. Owners and providers 
of funds for the research programs are the Austrian Ministry for Transport, Innovation and Technology 
(bmvit) and the Federal Ministry of Science, Research and Economy (bmwfw).  
 
National R&D funding programs include instruments that are open to all fields of research (to fund 
fundamental research, applied research and build -up of research infrastructure) and thematic calls (such 
as the New Energies 2020 program and the IEA Research Cooperation).  
 
EU funding is available through the Horizon 2020 program.  
 
The ERA-NET scheme provides a platform to coordinate research  funding programs between several EU 
member states. Transnational projects are created and each partner is funded through national funds.  

2.4.  Promotion of advanced biofuels  

The Austrian government is funding a variety of R&D projects on advanced biofuels and has also developed 
several advanced biofuels pilot or demonstration plants although only one is currently operational ( Table 
2.2). AustroCel Hallein`s pr oduction capacity is 30 million litres of 2G ethanol, corresponding to 0.17% 
(energy) of total transport fuel consumption in Austria.    
 
Table 2.2. Advanced biofuel producers in Austria  

Name of company Status (planned; 
operational; closed)  

Technology Production capacity  

(L/year)  

Bio SNG Güssing closed 

gasification of wood 
chips and subsequent 
methanation for the 
production of 
biomethane 

 100 000  

BEST Bioenergy and 
Sustainable 
Technologies 

idle  

synthesis of FT-liquids 
from syngas from the 
gasification of wood 
chips 

 50 000  

AustroCel Hallein operational  

fermentation of brown 
liquor at the pulp mill 
for the production of 
ethanol  

 30 000 000  

 
The funded R&D projects are dealing with a wide range of different topics and types of advanced biofuels, 
for example biomass gasification and synthesis to FT-diesel, mixed alcohols, conversion of algal biomass, 
lignocellulosic biogas and lignocellulosic ethanol. Major research projects spanning a range  of Technology 
Readiness Levels (TRLs) include: 

https://ec.europa.eu/programmes/horizon2020/
http://ec.europa.eu/research/era/era-net_en.html
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¶ Vienna / Güssing Gasifier : BEST Bioenergy and Sustainable Technologies plans to install gasifier 

applying high-temperature gasification in a dual -fluidised bed reactor for the production of 

synthesis gas (CO, H2), followed by downstream processing to gases, liquids and chemicals (e.g. 

methanation, Fischer -Tropsch synthesis, é). TRL is 4-7, depending on the feedstock used . Check 

https://best -

research.eu/content/en/competence_areas/fluidized_bed_conversion_systems/gasapplications  for 

details.  

¶ bioCRACK + bioBOOST: BDI is further developing its technologies for the pyrolysis of solid biomass 

within the FCC of a fossil refinery, and subsequent upgrading of the pyrolysis oil. TRL is 6. Check 

http s://www.bdi -bioenergy.com/en -bdi_biolife_science -396.html  for details.  

¶ Winddiesel : Repotec, Güssing Energy Technologies and Vienna University of Technology are jointly 

investigating this power -to-liquid technology. Hydrogen, derived from electrolysis with renewable 

electricity, is added to syngas from biomass gasification and then converted to FT -liquids. TRL is 6-

7. Check www.winddiesel.at  for details.  

¶ Heat-to -Fuel : This is an EU-funded project. Three Austrian entit ies (BEST Bioenergy and Sustainable 

Technologies, Güssing Energy Technologies and Vienna University of Technology) and 11 other 

partners from another six European countries cooperate to upgrade alternative, residual biomass 

feedstocks and convert excess heat to liquid fuels in a combined gasification, Fischer Tropsch and 

Aqueous Phase Reforming plant. TR is 3-6. Check http://www.heattofuel.eu  for more details.  

¶ TORERO: This is an EU-funded project in which 5 partners,  including the Austrian research 

organisation Joanneum Research cooperate. Torero will demonstrate a technology concept for 

producing bioethanol from a wood waste feedstock, fully integrated in a large -scale, industrially 

functional steel mill: (1) Wood wa ste is converted to biocoal by torrefaction, (2) the produced 

biocoal replaces fossil powdered coal in a steel mill blast furnace, (3), carbon monoxide in blast 

furnace exhaust fumes is microbially fermented to bioethanol. Check http://www.torero.eu  for 

details.  

¶ CO2-free logistics : Starting in May 2018, DB/Schenker, Fronius, HyCentA, and Energieinstitut Linz 

will jointly work to demonstrate the production of hydrogen through a high pressure PEM 

electrolyzer and the util ization of this hydrogen in fuel cell -powered fork lift trucks. TRL is 8.  

¶ Reformer Steam Iron Cycle : OMV, AVL and University of Technology Graz are jointly developing a 

process for the decentralized production of renewable hydrogen via reforming of biobase d 

feedstocks in combination with chemical looping of iron based oxygen carriers. The underlying 

process is called the Reformer Steam Iron Cycle (RESC), which has been patented recently by the 

research group. TRL is 3. 

¶ OSCYME: AEE Intec is investigating a new reactor concept for carrying out enzymatic hydrolysis of 

lignocellulosic feedstocks. The goal of this project is to develop a continuous enzymatic hydrolysis 

process using a plug-flow reactor for the first time with substantial effects on conversion rat es and 

reduction in enzyme addition. The newly developed reactor shall be the basis for a hydrolysis 

reactor concept eventually applicable in the biobased industry, chemical industry, biodiesel 

production or pulp and paper industry to save energy, resource s and time. Check  http://www.aee -

intec.at/index.php?seitenName=projekteDetail&projekteId=212&lang=en  for more details.  

¶ BeCool: The International Institute f or Applied Systems Analysis (Austria) develops with two other 

partners logistic modelling and integrated assessment of the value chain in the project BECOOL ð 

Brazil-EU Cooperation for Development of Advanced Lignocellulosic Biofuels. BECOOL is a Horizon 

2020 project that strengthens the cooperation between Brazil and Europe for development of 

advanced biofuels from lignocellulosic biomass and sustainable agricultural value chains. 

http://www.becoolproject.eu/   

https://best-research.eu/content/en/competence_areas/fluidized_bed_conversion_systems/gasapplications
https://best-research.eu/content/en/competence_areas/fluidized_bed_conversion_systems/gasapplications
https://www.bdi-bioenergy.com/en-bdi_biolife_science-396.html
http://www.winddiesel.at/
http://www.heattofuel.eu/
http://www.torero.eu/
http://www.aee-intec.at/index.php?seitenName=projekteDetail&projekteId=212&lang=en
http://www.aee-intec.at/index.php?seitenName=projekteDetail&projekteId=212&lang=en
http://www.becoolproject.eu/
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¶ REWOFUEL: The project REWOFUEL aims to demonstrate the performance, reliability, 

environmental and socio -economic sustainability of transforming residual wood to bio - Isobutene 

(bio-IBN) by fermentation and its further conversion into biofuels. The Austrian  Partner Energy 

Institute JKU is in charge of process assessments, economic assessments and LCA. 

http://rewofuel.eu/   

¶ Waste2Road: The project Waste2Road Biofuels from Waste to Road transport aims to develop cost -

effective biofuels from a range of low -cost biogenic residues and waste fractions. The invested 

technologies are fast pyrolysis, hydrothermal liquefaction, co -fluid catalyti c cracking, hydrotreating 

and co-hydrotreating. The project should bring the technologies from current TRL 3 -4 to TRL 5. The 

Austrian partner is the oil refinery company OMV. https://www.sintef.n o/projectweb/waste2road/   

¶ LignoFlag: Commercial flagship plant for bioethanol production involving a bio -based value chain 

built on lignocellulosic feedstock: The LIGNOFLAG project demonstrates an integrated and whole 

value chain-oriented approach to drive forth the bio -based production of ethanol as sustainable 

transport fuel or chemical building block. The core part of the project is the first -of-a-kind 

commercial flagship plant for lignocellulosic feedstock to ethanol conversion. The Austrian partner 

Energy Institute at the JKU is in char ge of LCA and assessments. https://www.lignoflag -project.eu/   

¶ Innovation Liquid Energy : The Austrian IWO works with AVL List on a pilot project named 

Innovation Liquid Energy. The aim is the construction of  a Power-to-Liquid plant with the goal of 

converting hydrogen and carbon dioxide to synthetical fuels. https://iwo -austria.at/innovation -

fluessige-energie/  

2.5.  Market development and policy e ffectiveness  

Austria has targets mandating the blending of biofuels, introduced by BGBl. II Nr. 398/2012. In 2015, the 
overall biofuels target was a min imum 5.75% biofuel in transport fuel (by energy content). In addition, 
there were separate targets (by energy content) of at least 3.4% biofuel in petrol and at least 6.3% biofuel 
in diesel (see Table 2.1). The growth and stabilization of ethanol and biodiesel production is summarized 
in Table 2.3, with consumption trends shown in Table 2.4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://rewofuel.eu/
https://www.sintef.no/projectweb/waste2road/
https://www.lignoflag-project.eu/
https://iwo-austria.at/innovation-fluessige-energie/
https://iwo-austria.at/innovation-fluessige-energie/
https://www.ris.bka.gv.at/Dokumente/BgblAuth/BGBLA_2012_II_398/BGBLA_2012_II_398.pdfsig
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Table 2.3. Transport biofuels actual production (million L (ML)/year) in Austria  

Year Biodiesel  

(FAME 

Bioethanol  

(conventional)  

Renewable 

diesel (from 
lipids)  

Cellulosic 

ethanol  

Biogas as 

transportation 
fuel  

Other 

advanced 
biofuels  

2006 137 0 - - - - 

2007 270 15 - - - - 

2008 280 90 - - - - 

2009 362 177 - - - - 

2010 378 202 - - - - 

2011 348 220 - - - - 

2012 297 220 - - - - 

2013 243 226 - - - - 

2014 327 234 - - - - 

2015 381 226 - - - - 

2016 345 228 - - - - 

2017 331 239 - - - - 

2018 322 254 - - - - 

 
Table 2.4 shows the transport fuel consumption in Austria. The energetic substitution of biofuels 
consumed in road transport in Austria in 2018 was 6,25%. Of these, 85% were Biodiesel, 11% Bioethanol 
and Bio-ETBE and 4% HVO (all by energy content). 
 
Table 2.4. Summary of transport fuel consumption (ML) in Austria  

Year Gasoline Diesel 

fuels  
Biodiesel  

Bioethanol 

(+ETBE) 

Pure 

Plant oil  
HVO Biogas 

2006  2 677   7 353   371   -     11   -     -    

2007  2 643   7 522   415   26   20   -     -    

2008  2 466   7 276   455   73   21   -     -    

2009  2 476   7 111   585   86   19   -     -    

2010  2 447   7 440   562   107   19   -     -    

2011  2 359   7 246   568   100   18   -     -    

2012  2 305   7 281   559   108   18   -     0,7  

2013  2 239   7 703   553   87   19   15   1,0  

2014  2 183   7 581   646   94   17   53   0,8  

2015  2 204   7 738   682   109   18   102   0,6  

2016  2 201   8 062   572   108   17   66   0,4  

2017  2 176   8 298   523   106   17   31   0,3  

2018  2 229   8 350   569   111   0   23   0,4  

*From 2009 onwards (and phasing in since 2007) all gasoline contains around 5 % by volume of 
Bioethanol or Bio-ETBE 
** From 2006 onwards (and phasing in since 2005) almost all diesel fuels contain around 7 % by volume 
of Biodiesel 
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In Austria, one large bioethanol production facility and seven smaller FAME (biodiesel) production 
facilities were op erating in 2018, and in 2021 another production facility producing ethanol from brown 
liquor started operation. Other fuels, which are produced in smaller production facilities with no relevant 
values available, are pure plant oils and biomethane.  
 
The conventional bioethanol plant has a a capacity of 246 ML/a located in Pischelsdorf ( Table 2.5). In 
2018, 254 ML of ethanol was produced in Austria, lowe r than the amount of biodiesel production. The 
Pischelsdorf plant at this level of production is capable of displacing 1/3 of Austriaõs soy protein imports 
through DDGS co-production. This plantõs GHG emission reductions of 50% have been certified by 
Joanneum Research. While Austriaõs E10 ethanol demand could be met by the production capacity of a 
single plant, i.e., the AGRANA ethanol plant in Pischelsdorf, plans for E10 have been cancelled in 2012 
and E5 remains the typical ethanol blend. The new governme nt program stipulates the introduction of 
E10 in the Austrian market but without a fixed date.  
 
The other bioethanol plant produces advanced ethanol from brown liquor at the pulp mill of AustroCel 
Hallein in Hallein. The capacity is 30 ML/a. The ethanol pr oduction is fully integrated into the mill that 
produces dissolving pulp for textile applications as the major product. Currently the facility represents 
Austria´s only production facility for advanced ethanol.  
 
Table 2.5. Bioethanol production plants in Austria  

Company City  Capacity [ML/a]  

AGRANA Bioethanol GmbH Pischelsdorf 246 

AustroCel Hallein GmbH Hallein 30 

 
According to the Austrian biofuels register elNa, seven companies are registered in 2020 as biodiesel 
producers. Biodiesel is the main biofuel produced in Austria. Biodiesel production capacity in Austria is ~ 
380 ML/year from 7 production facilities ( Table 2.6). Production reached its peak in 2015 with nearly 381 
ML of biodiesel produced, with production falling to 322 ML in 2018. Total biodiesel consumption in 2018 
was 569 ML. 
 
Table 2.6. Austrian biodiesel producers  

Company City  Capacity [ML/a]  

Biodiesel Süd GmbH Bleiburg 22 

Münzer Bioindustrie GmbH Wien 157 

HPF Biokraft Hirtl GmbH Fehring 5 

Abid Biotreibstoffe GmbH  Hohenau 56 

Biodiesel Kärnten GmbH Arnoldstein 56 

Münzer Paltental  Gaishorn am See 67 

Bioraffinerie Mureck GmbH  Mureck 17 

Total capacity   380 

 
Pure plant oil (PPO) was used in recent years directly as fuel, in particular by agricultural vehicles and 
road freight transport at a nearly constant level of about 17 -20 ML. The estimation of the amount of plant 
oil used in transport is difficult, since production volumes can not be distinguished regarding intended 
purpose. The consumption of PPO dropped sharply 2018 to less than 2 percent of the previous year. 
Reasons for the decrease of PPO used in agricultural sector is the low fossil diesel price and the rising age 
and the disrepair of modified tractors.  
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Biogas produced in Austria is mainly used on site for he at and power production, with an estimated 
production of 100 -630 Mm3 of biogas per year. Beside the direct conversion into electricity processed 
biogas is fed into the national gas grid. Efforts are also being made to introduce òBio-CNGó into the 
transport  fuel market, but the number of CNG fuel capable vehicles must still be increased. At 4 biogas 
plants in Austria, the processed biogas is used as biomethane for refueling vehicles. In 2018 274 tonnes 
of biomethane were used in the transport sector.  
 
There is no national HVO or HEFA producer in Austria.  
 

Austria is a net importer of feedstocks for biofuel production. Austria is not self -sufficient in terms of 
vegetable oils in general (not only for biodiesel production) and UCO for biodiesel production. Fee dstock 
for ethanol production is partly imported, as Austria is a small country and the production facility is close 
to the Czech border and close to a Danube port. Figure 2.5 shows feedstock that are used for the 
production of biodiesel and bioethanol in Austria and the biodiesel and ethanol imported to Austria.  

In the year 2018, in total 691.000 tonnes of biofuels were imported, in comparison to the previous year 
this is a pl us of 32 %. In total, 496.500 tonnes of biofuels were exported in the year 2018 (see Table 2.7).  

Table 2.7. Imports and exports of biofuels in Austria  

Year Biodiesel  Bioethanol  HVO 

Import  

(M liter/year)  

Export 

(M liter/year)  

Import  

(M liter/year)  

Export 

(M liter/year)  

Import  

(M liter/year)  

Export 

(M liter/year)  

2014 425 n.a.  57 n.a.  58 n.a.  

2015 559 267 74 195 104 7 

2016 501 335 100 227 148 9 

2017 482 122 73 198 46 12 

2018 657 355 100 222 35 9 

 

Biofuel produced from feedstocks with low carbon intensity find better markets in countries such as 
Germany and Sweden where a GHG reduction quota is obligatory. Therefore, there is a lively export of 
biodiesel produced in Austria from waste materials.   
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Figure 2.5. Feedstock of biodiesel and bioethanol produced in Austria and Feedstock of biodiesel and 

ethanol imported to Austria (Federal Ministry of sustainability and tourism (2019a)  

 

The feedstock for FAME production in Austria are 45% used cooking oil, 36 % rapeseed, 9 % animal fat, 6 
% fatty acid, 3 % soy and 1 % sunflower. The imported biodiesel is made of 90 % rapeseed, 5 % soy, 2 % 
UCO, 2 % palm oil and 1 % sunflower. Ethanol produced in Austria is made mainly of corn and wheat (47 
% and 40 %, respectively) and 7 % starch residue and 6 % triticale. The imported ethanol is made mainly 
of corn (78 %), followed by sugar beet and wheat (7 % each), rye (6 %) and triticale (1%).  

The imported HVO is made of 99 % palm oil and 1 % sunflower. According to RED II palm oil has a high 
ILUC risk and also the public opinion towards palm oil is not positive, since it is suspected that most of 
the palm oil is not produced sustainably.  

2.6.  Co-processing at oil refineries  

In Austria, there is one single oil refinery ð the company OMV operates a refinery in Schwechat close to 
Vienna and its airport. This refinery was built in 1958 and it became operative in 1960. The Schwechat 
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Refinery is one of the most modern and one of the largest refineries in Europe. Crude oil and semi -finished 
products are distilled and refined; high -quality mineral oil products and petrochemical raw materials are 
produced. The processing capacity of the plant is 9.6 Mio tonnes of crude oil per year or about 190,000 
barrels/day of crude oil can be processed. The  location of the OMV oil refinery is shown in Figure 2.6. 
 

 
Figure 2.6. OMV oil refinery in Austria  

 
OMV uses new technologies to increase the quality and stability of fuels with biogenic components through 
what is known as co-processing. Co-processing involves introducing biogenic feedstock already during the 
fuel refining process. In 2016 and 2017, OMV successfully conducted the first field trials of co -processing 
using vegetable oils and obtained certification in accordance with the REDcert standard. The field trials 
lasted for several weeks with a co -processing rate of about 5% to 10%. The liquid biomass feed which can 
be for example rapeseed oil, sunflower oil or used cooking oil,is co -hydrotreated together with gasoil, 
producing a high-value fuel. OMV plans to implement co -processing at large scale, and by 2025, the 
company aims to co-process approximately 200,000 t of sustainable feedstock per year, depending on 
future legislation.  
 
In current national legislation, the biogenic content of fuels resulting from co -processing can be 
accounted for. However, there are no policies specifically supporting co -processing at oil refineries.  

2.7.  Conclusions 

In Austria the biofuel policies ð implementing the respective EU Directives - led to a relatively stable 
production and use of biofuels in the country since 2005. The biofuel blending obligation leads to the use 
of biofuels in the common diesel and petrol fuels, but there are virtually no dedicate d vehicles for higher 
blends of biofuels, thus it will be hard to reach higher substitution levels. Apart from the biofuel blending 
obligation there are no attempts to further increase the biofuel use in the Austrian transport sector.  
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Summary 
¶ In 2017, Brazil launched RenovaBio (Law 13,576/2017), a state policy recognizing the strategic role 
of all types of biofuels in Brazilõs energy matrix, both for energy security and for mitigation of 
greenhouse gas emissions. This new law is effective from 2020 and have a global target of carbon 
intensity reduction, established in 95.5 million CBIOs in 2029 (1 CBIO = 1 ton CO2eq).  

¶ RenovaBio provides a market -based incentive by issuing GHG emissions reduction certificates, 
named òCBIOó. The program does not include the creation of carbon taxes or any kind of subsidy 
to biofuels.  

¶ Sustainability criteria have been considered in the Renovabio policy. Eligible producers will have 
to go through a certification process (life cycle analysis), in which an inspecting firm evaluates 
aspects related to the production/import of biofuels, in accordance with the Resolution No. 
758/2018.  

¶ With RenovaBio, the government plan s to increase annual ethanol production from the current 30 
billion liters to around 50 billion liters by 2030, and also to increase biodiesel production from 4 
billion liters to 13 billion liters over the same period.  

¶ The mandatory blend levels for ethano l and biodiesel are currently 27% (E27) and 12% (B12), 
respectively. 100% hydrated ethanol (a.k.a. òhydrous ethanoló) is also marketed in all gas stations 
in Brazil.  

¶ There are tax incentives for biofuel producers, blenders and users, including tax incenti ves for 
ethanol -flex fuel vehicles and for ethanol fuel and there are federal tax exemptions and incentives 
for biodiesel production.  

¶ There are several science and technology funds that support continued innovation in the production 
and use of low carbon biofuels.  
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3.1.  Introduction  

In 2019, the Brazilian energy supply (total energy available in the country) reached 294.0 million tonnes 
equivalent (Mtoe), registering an increase of 2.0% compared to the previous year (EPE, 2020a). The 
country has a significant portion of its internal energy supply from renewable sources, which corresponded 
to 46% in 2019. Public policies adopted by Federal Government over the years, associated with the 
country's natural conditions, have enabled Brazil to present a gr eat diversity of renewable sources in its 
energy matrix. Such a variety comprises liquid biofuels, predominantly ethanol and biodiesel; solid 
biofuels, the most relevant being sugarcane bagasse and gaseous, with a still incipient participation of 
biogas. The latest though experienced a growth of over 100% in the last 3 years 
(https://www.biomassabioenergia.com.br/ ). It can also be observed that sugarcane derivatives (18%) are 
the second main source in t he internal energy supply, behind oil and its derivatives (34.4%)  (EPE, 2020a). 
 
At this year, the final energy consumption was 259.4 MToe, in which sugarcane derivatives has a relevant 
share in several sectors of the economic activity: in the transport sector, they provide 20.6% of the energy 
consumed (22.2% for road transport) and in industrial, 16.7% (in the food and beverage segment, 68.4%)  
(EPE, 2020a). Ethanol ( straight and blended with gasolin e, E27) is used in Otto cycle engines and bagasse 
is an energy source for steam production in the manufacture of ethanol and sugar. In addition, sugarcane 
biomass is used to generate electricity, part of which is consumed in the plants and part is injected  into 
the National Interconnected System - SIN. Figure 3.1 shows the contribution of different energy sources 
to the final energy consumption.  
 

 
Figure 3.1. Contribution of different energy sources consumption in Brazil  

 
The final energy consumption in the transport sector was 84.8 MToe in 2019, and represents 32.7% of the 
total energy consumption in Brazil  (EPE, 2020a). For road transport, the amount consumed was 78.9 Mtoe, 
30.4% of the total  (EPE, 2020a). Brazil presents itself as a case of success in regards to the demand for 
biofuels in the transport sector. Its participation increased from 20.3% in  2009 to 25.1% in 2019. The share 
of biodiesel increased from 1.7% to 4.7% of the final energy consumption of the vehicle matrix in the 
period (EPE, 2020a). 
 
In 2005, greenhouse gas (GHG) emissions in Brazil were 2,352 Mt CO2eq, with the Forest and Land Use 
sector as the main emitter with 64.7% of the total (considering net emissions from forests and land use). 
At the time, the energy and transport sector registered 313 MtCO 2eq (13.3%). In a recent survey, GHG 
emissions fell t o 1,305 MtCO2eq in 2016, with the Forest and Land Use sector (22.3%) being the main 
responsible for this fall. In the same year, the energy and transport sector emitted 422.5 MtCO 2eq (32.4% 
of total) (MCTI, 2018). Figure 3.2 shows the historical GHC emissions in Brazil since 1990.  
 

https://www.biomassabioenergia.com.br/
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Figure 3.2. Historical GHC emissions in Brazil since 1990 

 
In 2018, total anthropogenic emissions associated with Brazilian energy matrix reached 416.1 MtCO 2-eq. 
The main contributor to the GHG emissions in energy production and consumption are the transport and 
industrial sectors, which accounted for 46.3% and 18.8% of total emissions, respectively (EPE, 2019b). 

3.2.  Main drivers for biofuel policy  

There are several benefits from the use of biofuels in the Brazilian national matrix, which can be observed 
in the economic, social and environmental spheres. Considering liquid biofuels, since Brazilian production 
of gasoline and diesel is not sufficient to meet domestic demand, the consumption of ethanol and 
biodiesel acts favorably in or der to reduce the risks related to the instability of the world market and to 
increase security of energy supply. The absence of these biofuels could result in an increase in imports 
of fossil analogues, affecting Brazil's trade balance.  

 
The most evident social impacts of using biofuels are related to the creation of jobs and income, whether 
in the agricultural phase of their production, or in the industrial stage, including the countryside. In the 
case of biodiesel, a stand out initiative is the Social Fu el Seal (Selo Combustível Social), which benefits 
small farmers with family farming insertion to the biofuel production process. Indirectly, jobs are also 
generated in the industry of cultivation implements, agricultural machinery business and services wit h 
much trading occurring in rural areas of the country. Besides, it is possible to identify positive impacts 
on infrastructure, improvements in motorways and railways, in the food production and in the life quality 
of people living in the neighbouring area s. The environmental benefits of biofuels are due to the lower 
generation of air pollutants, liquid effluents and solid waste compared to fossil fuels.  

 
The official document driving Brazilõs national policy framework for renewable energy today is its 
Nationally Determined Contribution (NDC) towards achieving the objective of the United Nations 
framework convention on climate change. This document, announced in December 2015 during the Paris 
Conference (COP 21), forecasts the Brazilian energy trends expect ed in future years and provides 
background for the main energy planning document. The Ten Yearõs Energy Plan (PDE), is elaborated by 
Brazilõs Energy Research Agency (EPE) and published every year by the Ministry of Mines and Energy. In 
addition, all polici es, measures and actions to implement Brazilõs NDC are carried out under the National 
Policy on Climate Change (Law 12,187/2009), the Law on the Protection of Native For ests (Law 
12,651/2012, hereinafter referred to as the Forest Code), the Law on the National System of Conservation 
Units (Law 9,985/2000) as well as related legislation following established processes. The Brazilian 

http://www.planalto.gov.br/ccivil_03/_Ato2007-2010/2009/Lei/L12187.htm
http://www.planalto.gov.br/ccivil_03/_ato2011-2014/2012/lei/l12651.htm
http://www.planalto.gov.br/ccivil_03/_ato2011-2014/2012/lei/l12651.htm
http://www.planalto.gov.br/ccivil_03/leis/l9985.htm
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government is committed to implement its NDC with full respect to human rights, in particular the rights 
of vulnerable communities, including  indigenous populations, traditional communities and workers in 
affected sectors, and to also promote gender -responsive measures. 

 
As a result of COP 21, Brazil committed to reduce its domestic GHG emissions to 37% by 2025 and 43% by 
2030, both based on 2005 levels. With regard to energy production and use,  the country also intends to 
adopt further measures that are consistent with the 2°C maximum temperature rise goal, in particular:  

¶ Increase the share of sustainable bioenergy in the Brazilian energy matri x to approximately 18% by 
2030, by expanding biofuel consumption, increasing ethanol supply - including a greater proportion 
of advanced biofuels, cellulosic ethanol in the gasoline fuel mix and more biodiesel in the diesel mix;  

¶ Achieve an estimated 45% share of renewables in the energy matrix by 2030;  

¶ Obtain at least a 66% share of hydropower in electricity generation by 2030, not considering self -
produced electricity;  

¶ Expand the use of renewable energy sources other than hydropower in the total energy mix  to 28-33% 
by 2030; 

¶ Expand the use of non-fossil energy sources domestically, increasing the share of renewables (other 
than hydropower) in the power supply to at least 23% by 2030, by increasing the share of wind, 
biomass, and solar energy; and achieve 10% efficiency gains in the electricity sector by 2030.  
 

On the biofuels use side, in 2017 Brazil launched RenovaBio (Law 13,576/2017), a state policy recognizing 
the strategic role of all types of biofuels in Brazilõs energy matrix, both for energy security and for 
mitigation of greenhouse gas emissions. This new law is effective from 2020 and have a global target of 
carbon intensity reduction, established in 95.5 million CBIOs in 2029 (1 CBIO = 1 ton CO2eq)12. Due to 
COVID-19 Pandemic impacts, a proposal to revise the goals for 2020, as well as its extension until 2030, 
have been through a public consultation process (MME, 2020). According to the proposal, the total CBIO 
to be marketed in 2020 totals 14.53 million and, for 2030, totals 90.67 million. RenovaBio provides a 
market -based incentive by issuing GHG emissions reduction certificates, named òCBIOó. The program 
does not include the creation of carbon taxes or any kind of subsidy to biofuels. The Policy includes the 
creation of CBIO issued by biofuel producers, traded on the stock exchange and the fuel distributors are 
obliged to acquire a quantity of this credit, established i n a resolution.  
The framework of the Rota 2030 program ð Law 13,755/2018 - was approved by the Brazilian federal 
government in December 2018 (BRASIL, 2018) to foster efficiency and safety in vehicles produced in 
Brazil. Specific measures have been put forward to promote ethanol and biodiesel as solutions to meet 
progressively stringent vehicle emissions regulations  

3.3.  Biofuels policy  

In 1931, the Brazilian government implemented a compulsory blend of at least 5% anhydrous ethanol in 
gasoline, aimed at reducing dependence on imported petroleum and absorbing excess production of the 
sugar industry. In 1975, in response to the impacts of the  oil shocks during the 1970s, the Brazilian 
government created the Proálcool program, increasing the ethanol blending level up to 25% in gasoline 
(E25) and also introducing hydrous ethanol (òE100ó, approximately 95% ethanol and 5% water) for use in 
dedicat ed vehicles. The use of ethanol -dedicated vehicles was eventually phased out and replaced by 
mandatory blends of ethanol in gasoline, starting with E10. The ethanol content in Brazilian gasoline has 
varied over successive decades and is currently 27%. For over 80 years, all Brazilian cars have been using 
blends of ethanol and gasoline with good performance and without any remarkable problems (BNDES, 
2008). 
 
The second phase of expansion took place because of a new market opportu nity. In 2003, flex -fuel cars 
were launched, offering to drivers the option of using both gasoline (containing 20 ð27% anhydrous ethanol) 
and hydrous ethanol, at any blend. As a result, the consumption of hydrous ethanol in Brazilõs domestic 
market made a comeback, creating new opportunities for expanding the sugarcane industry in Brazil, as 
well as the possibility of exporting more ethanol to meet the worldõs fuel demand. During 2003ð2008, the 

 
12 

http://www.planalto.gov.br/ccivil_03/_ato2015-2018/2017/lei/L13576.htm
http://www.planalto.gov.br/ccivil_03/_ato2015-2018/2018/lei/L13755.htm
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Brazilian sugarcane industry expanded rapidly, with many new and  more efficient sugar -ethanol mills 
commissioned (SCOPE, 2015a) and several of them exporting energy to the grid.  
 
As of 2008, the sector has experienced great difficulties due to the petroleum crisis and the rise in the 
dollar , which has considerably increased their debts that were tied to this currency, and leaded to a 
consolidation phase within the industry. Thus, the production increase of 1,8% between 2008 and 2017. 
In 2019, ethanol production was 36 billion liters and the share of ethanol in the fuel mix used by light 
vehicles (Otto Cycle - in gasoline equivalent) reached 54.8%, the highest in history.  
 
Brazilõs biodiesel program started in 1980 with the PRO-OLEO (Plan for the Production of Vegetable Oils 
for Energy Purposes) initiative. A blend level of 30% vegetable oils or derivatives in fossil diesel was 
mandated and, in the long run, a total substitution. The proposed technological alternative for the 
production of biofuels was the transesterification of vegetable oils.  The main motivation was the oil crisis 
and the sharp increase in the prices of fuels it caused. After the fall in international oil prices in 1986, 
the PRO-OLEO program was abandoned. 
 
At the end of the 20 th century, several studies were carried out by in ter -ministerial commissions in 
partnership with universities and research centers, and in 2002 ethanolysis of vegetable oils was chosen 
as the main route to initiate a substitution program for petroleum diesel, the PROBIODIESEL program. As 
Brazil is a large ethanol producer, ethanolysis was chosen as the production route instead of methanolysis. 
The National Program for Production and Use of Biodiesel ð PNPB ð was created in 2005 to further stimulate 
energy, economic and social objectives as well as fosteri ng feedstock production by small farmers. This 
program evolved gradually, with soybean oil and tallow proving to be the most relevant feedstocks for 
production , adopting transesterification process with methanol . There was also the objective of reducing 
dependence on mineral diesel. This program mandated a substitution of B5 by 2005 and has a schedule 
to reach B15 in 2023. In 2020, the mandated blending level for biodiesel is B12.  
 
The normative acts regarding the specification of biodiesel are as follows: ANP Resolution No. 798/2019 
- amends ANP Resolution No. 45/2014, which establishes the biodiesel quality specifications, to determine 
the mandatory addition of biodiesel with antioxidant and establishes a new specification limit for the 
oxidation stability  characteristic ; ANP Resolution No. 30/2016 - establishes the specification of diesel oil 
BX to B30, in an authoritative nature, under the terms of items I, II and III of art. 1 of CNPE Resolution 
No. 03, of September 21, 2015; ANP Resolution No. 45/2014 - establishes the biodiesel specification 
contained in ANP Technical Regulation No. 3/2014 and the quality control obligations to be met by the 
various economic agents that sell the product throughout the national territory.  
 
Under the RENOVABIO Program biofuels production will be certified through life cycle analysis (LCA) with 
issuance of GHG emissions reduction certificates, named CBIO (an acronym for òCr®dito de 
Descarboniza­«oó ð Decarbonization Credit), to producers that can be traded in th e stock market and 
purchased by fuel distributers. One CBIO corresponds to a reduction of one ton of carbon dioxide 
equivalent (CO2eq) in comparison to fossil fuel emissions. With RenovaBio, the government plans to 
increase ethanol and biodiesel production  (MME, 2020). Figure 3.3 shows the governance structure for 
RenovaBio.  
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Figure 3.3. RenovaBioõs governance structure 

 
In 2019, MME, through resolution CNPE nº 12/2019, called for studies to support the formulation of 
measures aimed at promoting free competition in the supply of fuels, other petroleum produ cts and 
biofuels.  
 
In 2020, ANP approved the start of a public hearing on the specification of green diesel, a renewable fuel 
for diesel cycle combustion engines, produced by hydrogenation of renewable raw materials, such as 
vegetable and animal fats, suga rcane, alcohol and biomass. The new fuel will be added to diesel of fossil 
origin, which currently has mandatory 12% biodiesel. The new biofuel consists predominantly of paraffinic 
hydrocarbons, having properties similar to diesel from fossil sources and d iffers from biodiesel, which is 
a mixture of fatty acid esters with similar properties. The regulation of green diesel may also make 
feasible the production and commercialization of aviation biokerosene, already regulated by ANP 
Resolution No. 778, of 2019, since the production of biofuels in the context of biorefinery generates 
different bioproducts in the same process. The initiative is the result of the ANP carrying out an analysis 
of the regulatory impact brought about by the insertion of this new biofu el in the Brazilian market, as 
well as studies of the international specifications of green diesel sold internationally. Table 3.1 
summarizes the development of biofuels policies and the industry in Brazil since 1920s.  
 
Table 3.1. Development of biofuels policies and the industry in Brazil since 1920s.  

Year Landmark  

1920s Studies and tests with ethanol/gasoline mixtures and ethanol use demonstration programs.  

1931 Mandatory addition of 5% ethanol to gasoline of foreign origin.  

1938 Mandatory addition of 5% ethanol to all national gasoline.  

1969 Creation of the Copersucar Technology Center (CTC) 

1971 Launch of the National Sugarcane Improvement Plan (Planalsucar) 

1975 Launch of the National Alcohol Program (Proálcool), initially determining the mandatory 
use of the addition of 10% ethanol to gasoline, progressively increased up to 20% in 1980. 

1978 Goldemberg et al. publish Energy Balance for Ethyl Alcohol Production from Crops, Science, 
1978, evidencing the advantages of sugarcane for bioenergy production.  

1979 Introduction of light vehicles to pure hydrated ethan ol (96% ethanol). 

1979 The nutrient cycle is now widely adopted in sugarcane cultivation through fertigation with 
vinasse.   

1985 Loss of competitiveness of sugarcane ethanol and reduction of the use of hydrated ethanol, 
maintaining the addition of ethan ol to gasoline.  
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1986 Creation of the Motor Vehicle Air Pollution Control Program (PROCONVE), which 
progressively set limits for vehicle emissions and reinforced interest in ethanol.  

1989 Operation of the pilot unit of the Dedini Rapid Hydrolysis project for acid hydrolysis of 
lignocellulosic biomass.  

1998 Beginning of the Genome Project for genetic sequencing of sugarcane.  

1998 Implementation of the sugarcane payment system based on its quality (sugar content).  

2002 Starting with the State of São Paulo, the harvest of green sugarcane (without burning) is 
adopted throughout the country, accelerating the adoption of mechanized harvesting.  

2002 Creation of the Network of Research and Technological Development in Biodiesel 
(Probiodiesel) 

2003 Through the Green Ethanol Protocol and support from the Canasat project, the adoption of 
good management practices and the evaluation of sustainability indicators in sugarcane 
crop are monitored with satellite images.  

2003 Introduction of flex -fuel vehicles capa ble of using any mixture of hydrated ethanol and 
gasoline (E25), fuels available at all dealer stations in the country.  

2003 Launch of the Biodiesel Production and Use Program, initially authorizing the adding of up 
to 2% of biodiesel in mineral diesel (B 2). 

2005 Embraer launches the Ipanema agricultural plane powered by hydrated ethanol.  

2006 Creation of EMBRAPA Agroenergy Center. 

2007 The EPA recognizes that sugarcane ethanol, due to its smaller carbon footprint, can be 
considered an advanced biofuel.  

2008 The mixture of 2% biodiesel to diesel is made mandatory, with a program of increment up 
to 10% (B10) in ten years. 

2009 FAPESP launches the FAPESP Bioenergy Research Program BIOEN. 

2009 EMBRAPA edits the Agroecological Zoning of Sugarcane. 

2009 Inauguration of the National Laboratory of Bioethanol Science and Technology (CTBE) from 
2019 called National Laboratory of Biorenewables (LNBR). 

2010 The Brazilian Land Use Model (Blum) demonstrates that the indirect effects of ethanol 
production on land use changes are reduced.  

2010 EMBRAPA edits the Agroecological Zoning of Palm oil for the Deforested Areas of the Legal 
Amazon.  

2011 Launch of the BNDES-FINEP Plan to Support Industrial Technological Innovation in the Sugar 
and Sugar Cane Sectors (PAISS).   

2014 FAPESP BIOEN organizes the SCOPE Bioenergy & Sustainability Report:  bridging the gaps, 
involving 137 researchers from 24 countries.  

2014 FAPESP Sustainable Biofuels Roadmap Project for Aviation in Brazil identifies opportunities 
and constraints in raw materials and technologies for aeronautical biofuels.  

2014 Start of pre -commercial operation of Granbio, lignocellulosic bioma ss ethanol producing 
unit in Alagoas, for 80 Mlitros/year.  

2015 Logum logistics project Logum comes into operation, combining ethanol pipeline and 
waterway to move up to 21 million m 3 of ethanol per year.  

2015 Beginning of corn ethanol production, comple menting sugarcane as raw material.  
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2015 Introduction of varieties of sugarcane with high energy productivity.  

2015 Start of pre -commercial operation of raizen lignocellulosic biomass ethanol producing unit 
in São Paulo, for 40 Mlitros/year lignocellulosic ethanol  

2015 Authorization of the use of higher levels of biodiesel (B20 in captive fleet; B30 in river 
transport; B30 and agricultural and industrial use), by the National Agency of Petroleum, 
Natural Gas and Biofuels (ANP). 

2016 Regulation of the production and use of biokerosene (biojet fuel) by the ANP, in line with 
ICAO recommendations.   

2017 Launch of the National Biofuels Policy (RenovaBio), valuing the environmental externalities 
of biofuels, through the issuance of Certified Dec arbonization Credit (CBIO).   

2017 Specification of biomethane (produced from biogas) by ANP.  

2018 The FAPESP LACAf Project identifies and evaluates the potential for sugarcane bioenergy 
production in Latin America and Africa.  

2019 Review and consolidation of the specification of vehicular fuels (anhydrous and hydrated 
ethanol, gasoline and diesel) by ANP. 

2019 Genome sequence of a commercial sugarcane cultivar is completed.  

2020 In all gas dealer stations in the country one can find hydrated ethanol, gasoline with 
anhydrous ethanol (E27) and diesel with biodiesel (B12).  

2020 Start of the commercialization of CBIO's.  

2020 The SUCRE Project, developed by LNBR, concludes the evaluation of the potential and 
conditioning factors of the use of str aw (tips and leaves) of sugarcane harvested without 
burning.  

 

3.3.1.  Biofuels obligations  

National Policy for Biofuels - RENOVABIO (link ) 

π National Biofuels Policy, instituted by Law No 1 3,576/2017, whose objective is to expand the 
production of biofuels in Brazil, based on predictability, environmental, economic and social 
sustainability, and compatibility with the market growth. Biofuels play an important role through this 
policy to redu ce carbon intensity in the transport sector.  

π The policy program is based on strategic axes: 1) decarbonization goals; 2) biofuel production 
certification; and 3) decarbonization credit (CBIO).  

π Art. 7 - The national mandatory annual targets will be broken d own into individual ones, applied to 
all fuel distributors, proportional to their respective market share in the sales of fossil fuels from the 
previous year.  
 

Anhydrous Mandatory Blend in Gasoline 

π Created by Federal Decree19,717/1931, makes the addition of anhydrous ethanol to gasoline 
consumed in Brazil mandatory.  

π Law 13,033/2014 increased the anhydrous ethanol mandatory blend limit in gasoline from 18% (by 
volume) up to 27.5%. 

 
The current mandatory blending level is 27% (E27). 100% ethanol (hydrous ethanol) is also marketed in all 
gas stations in Brazil. Figure 3.4 shows the historical ethanol blending mandate in Brazil since 1931.  
 
 

http://www.anp.gov.br/producao-de-biocombustiveis/renovabio
http://www.planalto.gov.br/ccivil_03/decreto/1930-1949/D19717.htm
http://www.planalto.gov.br/ccivil_03/_Ato2011-2014/2014/Lei/L13033.htm
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Figure 3.4. Historical Ethanol blending mandate in Brazil. Source: EPE, 201613 

 
National Program for Production and Use of Biodiesel ð PNPB 

π Created by Law 11,097/2005 to stimulate energy, economic and social objectives as well as more 
feedstock production by small farmers.  

 
The current mandatory blending level is 12%. Figure 3.5 shows the historical biodiesel blending mandate 
in Brazil since 2005. 
 
 

 
Figure 3.5. Historical biodiesel blending mandate in Brazil. Source: EPE (2020) and MAPA (2020)14 

 

 
13 https://epe.gov.br/sites-pt/publicacoes-dados-abertos/publicacoes/PublicacoesArquivos/publicacao- 

398/An%C3%A1lise%20de%20Conjuntura%20dos%20Biocombust%C3%ADveis1%20-%20Ano%202015.pdf  
14

 https://www.epe.gov.br/sites-pt/publicacoes-dados- abertos/publicacoes/PublicacoesArquivos/publicacao-

467/NT_Combustiveis_renovaveis_em_%20motores_ciclo_Diesel.pdf 

 

http://www.planalto.gov.br/ccivil_03/_Ato2004-2006/2005/Lei/L11097.htm
https://epe.gov.br/sites-pt/publicacoes-dados-abertos/publicacoes/PublicacoesArquivos/publicacao-%20398/An%C3%A1lise%20de%20Conjuntura%20dos%20Biocombust%C3%ADveis1%20-%20Ano%202015.pdf
https://epe.gov.br/sites-pt/publicacoes-dados-abertos/publicacoes/PublicacoesArquivos/publicacao-%20398/An%C3%A1lise%20de%20Conjuntura%20dos%20Biocombust%C3%ADveis1%20-%20Ano%202015.pdf
https://www.epe.gov.br/sites-pt/publicacoes-dados-%20abertos/publicacoes/PublicacoesArquivos/publicacao-467/NT_Combustiveis_renovaveis_em_%20motores_ciclo_Diesel.pdf
https://www.epe.gov.br/sites-pt/publicacoes-dados-%20abertos/publicacoes/PublicacoesArquivos/publicacao-467/NT_Combustiveis_renovaveis_em_%20motores_ciclo_Diesel.pdf
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Nationally Determined Contribution (NDC)  

π Increase the share of sustainable bioenergy in the Brazilian energy matrix to approximately 18% by 
2030, by expanding biofuel consumption, increasing ethanol supply - including a greater proportion 
of advanced biofuels, cellulosic ethanol in the gasoline fuel mix and more biodiesel in the diesel mix  

 
Federal Decree 9,888/2019 ( link ) 
π Provides for the definition of national mandatory annual targets for the reduction of greenhouse gas 

emissions in transport sector, effec tive beginning in 2020.  

π This reduction targets are the basis for the decarbonization goals of the RENOVABIO program.  
 
National Energy Policy Council ð CNPE Resolution No. 15/2019 
π Sets national mandatory targets to reduce GHG emissions in fuel sales.  
 
Sustainability criteria have been considered in the Renovabio policy ( link ) 

π Certification of biofuels production: eligible producers will have to go through a certification process 
(lif e cycle analysis), in which an inspecting firm evaluates aspects related to the production/import 
of biofuels, in accordance with the Resolution No. 758/2018 ( link ).  
 

π By June18, 2020, there are 216 certified producer plants for CBIO generation. These units will be able 
to sign agreements with Serpro ð Federal Data Processing Service ð for invoice registration of certified 
biofuel volumes and effectively start issuing their  CBIOs (ANP, 2020a). 

 
The non-compliance penalty is included for the obligated parties in the the Renovabio policy ( link ):  

π Art. 9. Failure to meet the individual target will subject the fuel distributor to a fine, proportional to 
the amount of not complied Decarbonization Credit, without prejudice to others administrative and 
pecuniary sanctions in this Law and Law No. 9,847, of 26 October 1999.  

π The referred fine may vary, under the terms of the regulation, between R$ 50 million and R$ 100 
million.  

π RANP791/2019, Art. 11 (Link): When the fine in art. 9  of Law No. 13,576, of 2017, does not correspond 
to the obtained advantage of non -compliance with the target obligation, a temporary, total or partial 
suspension of the distributor's facilities operation will be applied, under the terms of item I of art. 8  
of Law No. 9,847, of 1999.  

3.3.2.  Excise duty reductions  

There are tax incentives for biofuel producers, blenders and users including:  

¶ Tax incentives for ethanol -flex fuel vehicles: Tax incentives have played an important role in 
supporting ethanol consumption s ince the introduction of flex -fuel cars. Regardless of the engine 
power, the tax burden as a share of the suggested retail price is usually lower for flex -fuel vehicles 
than for gasoline only powered vehicles.  

¶ Tax incentives for ethanol fuel: Brazil has a complex tax system including several taxes at the 
federal, state, and municipal level. Depending on the economic and financial strategies pursued by 
policymakers, the federal government can provide incentives for gasoline and/or ethanol at the 
pump. Currently, the federal government provides preferential treatment for ethanol compared to 
gasoline under both its Contribution for Intervention in Economic Domain (CIDE) ð Law No. 
10,336/2001 ( link ) and Contribution to Social Integration/Contribution for Financing Social Security 
(PIS/COFINS) programs. In addition, the governments of several Brazilian states provide differential 
treatment for ethanol by using different state taxes for circulation of goods and services (ICMS) for 
ethanol and gasoline.  

¶ The federal government sets federal tax exemptions and incentives for biodiesel, according to the 
nature of the raw material, size of the producer and region of production, in order to enco urage the 
production of biodiesel and to promote social inclusion.  

 
There are no carbon tax or emission trading (cap -and-trade) schemes in Brazil.  

http://www.planalto.gov.br/ccivil_03/_Ato2019-2022/2019/Decreto/D9888.htm#art15
http://www.anp.gov.br/producao-de-biocombustiveis/renovabio
http://www.in.gov.br/materia/-/asset_publisher/Kujrw0TZC2Mb/content/id/52003440/do1-2018-11-27-resolucao-n-758-de-23-de-novembro-de-2018-52003305?utm_source=Comece+seu+dia+bem-informado&utm_campaign=f8bdc0a5ee-newsletter-2018_11_27&utm_medium=email&utm_term=0_5931171aac-f8bdc0a5ee-129476021&ct=t(newsletter-2018_11_27
http://www.anp.gov.br/producao-de-biocombustiveis/renovabio
http://legislacao.anp.gov.br/?path=legislacao-anp/resol-anp/2019/junho&item=ranp-791-2019
http://www.planalto.gov.br/ccivil_03/leis/LEIS_2001/L10336.htm
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3.3.3.  Fiscal incentives  

The òRegional Producer Subsidyó is the only direct subsidy paid by the government of Brazil. The program 
was created decades ago to provide support for sugarcane producers from the north - northeastern states 
to balance their cost of production with those o f the more developed growing areas in center -south Brazil. 
Throughout the years, the federal government has tailored this program to the evolving reality of the 
sugarcane industry. In addition to being located in states covered by the program, there are ot her 
eligibility conditions for granting this subsidy such as being an independent sugarcane producer (not 
integrated to sugar -ethanol mills), not producing more than the annual limit of 10 thousand tons by crop, 
and that the amount of the subsidy cannot be  higher than the average price of sugarcane in the region.  
 
In August 2017, the Brazilian government put a tariff in place for ethanol imports, allowing 600 million 
liters to enter duty free, with any volume above this being subject to a 20% tariff. This followed a March 
2017 request by Brazilian ethanol producers to place a tariff on imported ethanol. Producers claim the 
pace of imports jeopardizes domestic ethanol production, especially in northeastern Brazil where import 
volumes have risen significantly  due to competitively priced imported corn ethanol. The United States 
remains the top supplier of ethanol to Brazil.  
 
According to the Secretariat of Foreign Trade, the import tariff applied to biodiesel (NCM 3826.00.00) is 
fixed at 14%, and the import tar iff for petroleum oils containing biodiesel up to and including B30 (NCM 
2710.20) is zero. Resolution CAMEX No 72/2017 state (link ):  

π Exemption of import duties over ethanol, based on RES 125/2016, is restricted to a limited annual 
volume of 1.2 billion litres.  

π On August 31, 2019, Ordinance No. 547 was published, which extends the validity of the import quota 
exemption for an additional period of 12 months, as of its publication, and changes the total annual 
volumes covered by the exemption to 750 million liters ( link ).  

3.3.4.  Other measures used to stimulate the production and use of biofuels  

There are several science and technology funds such as BNDES, FINEP, FAPESP, and CNPq that support the 
production and use of biofuels.  
 
The National Bank for Social and Economic Development (BNDES) provides specific credit lines for the 
sugar, ethanol, and bioenergy industries to fund investments in sugarcane production, expansion of 
industrial production capacity for sug ar and ethanol, cogeneration, logistics, and multimodal 
transportation. BNDES reports that in 2016 a total of $R 2.02 billion was released to finance the 
sugarcane/sugar/ethanol/energy cogeneration industry, down $R 743 million compared to 2015, due to 
fin ancial difficulties faced by the sector.  
 
There are also financial incentives for feedstock development and to renew crop plantings from BNDES:  

Line 1: New varieties, especially those focused on border region production environments; more 
suitable for agr icultural mechanization; and/or producing higher amounts of biomass and/or 
total recoverable sugar (TRS) with emphasis on transgenic improvement;  

Line 2: Machines and implements for planting and/or harvesting, as well as for the collection of straw 
and/or waste, with emphasis on expanding the use of precision farming techniques;  

Line 3: Integrated production management, planning and control systems;  
Line 4: Agile and efficient propagation techniques for seedlings and innovative biotechnological devices 

for planting; and  
Line 5: Adaptation of industrial systems for energy crops compatible and/or complementary with the 

agro-industrial system for ethanol production from sugarcane.  
Line 6: Financial incentives for feedstock development from BNDES PAISS grants. 

 
In June 2017, the Ministry of Agriculture, Livestock and Supply announced the Brazilian Agricultural Crop 
and Livestock Plan for 2017-2018. A total of $R 190.25 billion (around $US 50 billion) will be released to 
fund agricultural and livestock programs, i ncluding Prorenova for sugar and PAISS for ethanol. This 

http://www.camex.gov.br/resolucoes-camex-e-outros-normativos/58-resolucoes-da-camex/1916-resolucao-no-72-de-29-de-agosto-de-2017
http://www.camex.gov.br/resolucoes-camex-e-outros-normativos/124-portarias-secint/2316-portaria-secint-n-547-de-31-de-agosto-de-2019
https://www.bndes.gov.br/SiteBNDES/bndes/bndes_en
http://www.finep.gov.br/about-finep
http://www.fapesp.br/en/
http://www.cnpq.br/
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represents a 3% reduction over the previous crop plan. A total of $R 1.5 billion should be available to 
finance the Prorenova program for 2017 -2018. Prorenova is a credit line to finance the renewal and/or 
expansion of sugarcane fields, which is intended to prioritize the use of new sugarcane varieties. The 
Prorenova credit lineõs annual interest rate is comprised of the òlong term interest rateó (TJLP) plus 3.7%, 
with payment due within 96 months of contracting the finance.  
 
In addition to conventional / well established biofuel  routes, these programs promote the production of 
lignocellulosic and drop -in biofuels  for long -distance transport sectors such as aviation. Producers of these 
biofuels can enter  the market once they have been authorized as a biofuels producer by the National 
Agency of Petroleum, Natural Gas and Biofuels (ANP).     
 
The financial instruments offered by PAISS include: a) credit in special financing lines; b) equity 
participation; c) non -reimbursable funds for cooperative projects between companies and the R&D 
institution; and d) non -refundable economic support (grants)  for companies, defined depending on the 
case (amount, technological risk, involved institutions, etc). After the call for tenders and a sequence of 
thorough screening steps to select the projects, Industrial PAISS granted about $US 625 million in financin g 
lines, leveraging investments of $US 1.7 billion, to be deployed between 2011 to 2014 (BNDES, 2011), 
while Agricultural PAISS made available $US 630 million for projects over the period 2014 -2018 (BNDES, 
2015; CGEE sobre 2G Sugarcane Bioenergy & Biochemicals, pg 88). Table 3.2 lists the government 
investments in R&D.  
 
Another measure is Ordinances MME 252/2019 (link ) and MME 348/2019 (link ) that regulate the process of 
framing priority projects in the oil, natural gas and biofuels sect ors for the issuance of incentive 
debentures.  
 
The funding for R&D is provided through Plano Conjunto BNDES-Finep de apoio à inovação tecnológica 
industrial dos setores sucroenergético e sucroquímico  ð BNDES PAISS (link ).  

π thematic line 2 ð new products of sugarcane:  

¶ Development of new products directly obtained from sugarcane biomass through biotechnological 
processes; 

¶ Integration and scheduling of processes for the production of new products directly obtained from 
sugarcane biomass. 

 
Table 3.2 and Table 3.3 summarize the funding agencies and major programs that support the 
development of biofuels  in Brazil, respectively.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://www.legisweb.com.br/legislacao/?id=378641
https://www.legisweb.com.br/legislacao/?id=382361
https://www.bndes.gov.br/wps/portal/site/home/financiamento/plano-inova-empresa/plano-conjunto-bndes-finep-apoio-inovacao-tecnologica-industrial-setores-sucroenergetico-sucroquimico-paiss/plano-conjunto-bndes-finep-apoio-inovacao-tecnologica-industrial-setores-sucroenergetico-sucroquimico-paiss
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Table 3.2. Funding agencies that support the development of biofuels in Brazil  

Agency Program 

BNDES (link ) The National Bank for Economic and Social Development (Banco Nacional de 
Desenvolvimento Econômico e Social ð BNDES) is a development bank structured as 
a federal public company associat ed with the Ministry of Development, Industry, 
and Trade of Brazil. The stated goal is to provide long -term financing for endeavors 
that contribute to the country's development.  
Here are some financed programs associated with bioenergy and sustainability:  

¶ BNDES ABC Program; 

¶ BNDES-PAISS (with FINEP) (see below); 

¶ BNDES-PRORENOVA; 

¶ Credit lines to sugarcane industry  

CNPq (link ) The Brazilian National Council for Scientific and Technological Development 
(Conselho Nacional de Desenvolvimento Científico e Tecnológico  ð CNPq) is an 
organization of the Brazilian federal government under the Ministry of Science and 
Technology, dedicated to the promotion of scientific and technological research 
and to the formation of hu man resources for research in the country.  
 

CTC (link ) The Sugarcane Technology Center (Centro de Tecnologia Canavieira ð CTC) is a 
research institute that focuses on development for the Brazilian ethanol industry. 
The Company is engaged in the development of new varieties and technologies in 
the production of sugar cane and ethanol including: genetic improvement (new 
varieties), biotechnology and second -generation biofuels.  
 

EMBRAPA (link ) The Brazilian Agricultural Research Corporation (Empresa Brasileira de Pesquisa 
Agropecuária ð EMBRAPA) is a state-owned research corporation affiliated with the 
Brazilian Ministry of Agriculture, dedicated to developing technologies, knowled ge 
and technical -scientific information aimed at Brazilian agriculture, including 
livestock.  
 

FAPESP (link ) 
BIOEN (link ) 

The São Paulo Research Foundation (Fundação de Amparo à Pesquisa do Estado de 
São Paulo ð FAPESP) is a public foundation located in São Paulo, Brazil, with the 
aim of providing grants, funds and programs to support research, education and 
innovation of private and public institutions and companies. FAP ESP has a dedicated 
Program for Bioenergy Research, BIOEN. BIOEN aims to integrate comprehensive 
research on sugarcane and other plants that can be used as biofuel sources, thus 
assuring Brazilõs position among the leaders in the area of Bioenergy. Research 
includes biomass improvement, production and processing, biofuels production, 
biorefineries, engines, sustainability and impacts.  

FINEP (link ) The Financier of Studies and Projects (Financiadora de Estudos e Projetos ð FINEP), 
is a Brazilian public company, linked to the Ministry of Science and Technology and 
Innovation, that promotes science, technology and innovation in companies, 
universities, technological institutes and other public or private institutions, 
headquartered in Rio de Janeiro.  
 

  
 
 
 
 
 
 
 
 

https://www.bndes.gov.br/SiteBNDES/bndes/bndes_en
http://www.cnpq.br/
https://ctc.com.br/en/
https://www.embrapa.br/
http://www.fapesp.br/en/
http://bioenfapesp.org/
http://www.finep.gov.br/
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Table 3.3. Major programs that support the development of biofuels in Brazil.  

Program Description  

BNDES PAISS (link ).  The Joint Plan for Supporting Industrial Technological Innovation in the Sugar -
based Energy and Chemical Sectors (Plano Conjunto BNDES-Finep de apoio à 
inovação tecnológica industrial dos setores  sucroenergético e sucroquímico ð 
PAISS) is a joint initiative of BNDES and Finep intended for sugarcane rural 
producer and its cooperatives to select business plans and promote projects 
that contemplate the development, production and commercialization of  new 
industrial technologies for sugarcane biomass (E2G, gasification, etc.).  
The BNDES PAISS operates in a few thematic lines, including: 

¶ thematic line 1 ð second generation (lignocellulosic ethanol):  
o Development of technologies for collecting and transporting 

sugarcane; 
o Optimization pretreatment processes for hydrolysis of 

sugarcane biomass; 
o Development of enzyme production processes and/or 

hydrolysis processes of lignocellulosic material from sugarcane 
biomass; 

o Development of microorganisms and/or  pentose fermentation 
processes; and 

o Process integration and scheduling for cellulosic ethanol 
production.  

¶ thematic line 2 ð new products of sugarcane:  
o Development of new products directly obtained from 

sugarcane biomass through biotechnological processes; 
o Integration and scheduling of processes for the production of 

new products directly obtained from sugarcane biomass.  
 

BNDES ProRenova 
(link ).  

The Programa de Apoio à Renovação e Implantação de Novos Canaviais ð BNDES 
Prorenova is a financing program to renew and implant new sugarcane fields 
and promote sugarcane production in the country.  
 

BNDES ABC Program 
(link ).  

The ABC program seeks to encourage investment in agricultural projects that 
reduce greenhouse gas emissions and deforestation, in addition to expanding 
the area of cultivated forests, and stimulating the recovery of degraded areas, 
increasing agricultural production on a sustainable basis and adapting rural 
properties to environmental legislation.  
 

 

3.4.  Promotion of advanced biofuels  

The program, BNDES PAISS (link ) has been developed to promote the production of new technologies for 
biofuels:  

π thematic line 1 ð second generation (lignocellulosic ethanol):  
o Development of technologies for collecting and trans porting sugarcane; 
o Optimization of pretreatment processes for hydrolysis of sugarcane biomass;  
o Development of enzyme production processes and/or hydrolysis processes of lignocellulosic 

material from sugarcane biomass;  
o Development of microorganisms and/or p entose fermentation processes; and  
o Process integration and scheduling for cellulosic ethanol production.  

 
Table 3.4 show the operational second generation biofuels production facilities in Brazil. Brazil has two 
commercial cellulosic ethanol plants including GranBioõs Bioflex-I facility in São Miguel dos Campos (AL) 

https://www.bndes.gov.br/wps/portal/site/home/financiamento/plano-inova-empresa/plano-conjunto-bndes-finep-apoio-inovacao-tecnologica-industrial-setores-sucroenergetico-sucroquimico-paiss/plano-conjunto-bndes-finep-apoio-inovacao-tecnologica-industrial-setores-sucroenergetico-sucroquimico-paiss
https://www.bndes.gov.br/SiteBNDES/bndes/bndes_en
https://www.bndes.gov.br/wps/portal/site/home/financiamento/produto/programa-abc
https://www.bndes.gov.br/wps/portal/site/home/financiamento/plano-inova-empresa/plano-conjunto-bndes-finep-apoio-inovacao-tecnologica-industrial-setores-sucroenergetico-sucroquimico-paiss/plano-conjunto-bndes-finep-apoio-inovacao-tecnologica-industrial-setores-sucroenergetico-sucroquimico-paiss
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that has a nominal annual production capacity of 60 million liters, and the Raízen plant in Piracicaba (SP) 
that has an annual capacity of 42 million liters. In addition, there is an experimental plant in the 
Canavieira Technology Center (CTC) in Piracicaba (SP) that has an annual capacity of 3 million liters. The 
commercial plants are debugging technical problems mainly in the pre -treatment and lignin filtration 
stages and these two plants still operate below their nominal design capacities (Gran Bio, 2017; Raízen, 
2018). ). By 2024, Raízen plans to build seven more cellulosic ethanol plants 
(https://www.raizen.com.br/pt/energia -do-futuro -tecnologia-em-energia-renovavel/etanol -de-
segunda-geracao). At this year, Raízen inaugurated your first biogas plant, one of the largest biogas plants 
in the world based in Guariba (São Paulo, Brazil) and with 21 MW of installed capacity.  This b iogas plant 
will be used to produce 138 MWh/year from vinasse (during the harvest) and filter cake (off season).    
 
Table 3.4. Biofuel production from innovative conversion process es in Brazil  

Name of company Status 

(planned; operational; closed)  

Technology Production capacity 
(ML/year)  

GranBio Bioflex -I Operational  E2G ð BioFlex® 
(AVAP® e 

GreenPower+®) 

60 million litres/year  

Raízen - Costa Pinto  Operational  E2G ð Iogen 
Corporation 

42 million litres/year  

CTC Operational  E2G 3 million litres/year  

GNR Fortaleza 
Valorização de Biogás 
ltda.  

Operational  Biogas 
(biomethane)  

110.000 Nm³/d  

 
Biojet has been considered in the Renovabio policyð RANP758/2018, Annex I (link ) 

π Certification of biofuels production: aviation/jet biofuels (paraffinic kerosene, obtained from hydro 
processing of fatty acids and esters ð process SPK-HEFA) are within the scope of the policy but there 
is no relevant commercial production of jet biofuels yet.  
 

Brazil is also signatory of COP21 and is engaged in CORSIA Initiative. 
 
To develop green jet fuel, the International Civil Aviation Organization (ICAO/UN) and major airlines 
established an emissions reduction agreement known as CORSIA (Carbon Offsetting and Reduction Scheme 
for International Aviation), which sets out from 2020 a path to carbon neutral growth of the aviation 
industry.  
 
In addition to emission compensation instruments and energy efficiency promotion (spanning 
technical/aircraf t, systemic/operational management and airport infrastructure), CORSIA also promotes 
the use of drop -in aviation biofuels, which should be produced by processes certified by ASTM 
International (American Society for Testing and Materials International). The  Brazilian market regulation 
has been updated to allow the use of such biofuels in aviation.  
It is worth emphasizing that there are still industrial and economic challenges for biojet fuel production 
to be cost competitive in Brazil and worldwide with avia tion kerosene of fossil origin.  
 
ProQR, a program of the Brazilian Federal Government, through the Ministry of Science, Technology, 
Innovations and Communications (MCTIC), articulated with the German government, aims to develop 
alternative fuel projects w ithout climatic impacts for aviation. The expectation is that, in up to three 
years from 2020, the first pilot plant for the production of sustainable kerosene for aviation, should be 
implemented in Ceará (GOVERNO DO CEARÁ, 2020). 
 
Another initiative is the trials carried out on co -processing vegetable oils with petroleum feedstocks in 
refinery hydro -processors at a level 10% by volume in two Petrobras petroleum refineries (Gabriel Passos-
REGAP in Minas Gerais and REPAR in Paraná). Plans were made for processing of vegetable oil in other 

https://www.raizen.com.br/pt/energia-do-futuro-tecnologia-em-energia-renovavel/etanol-de-segunda-geracao
https://www.raizen.com.br/pt/energia-do-futuro-tecnologia-em-energia-renovavel/etanol-de-segunda-geracao
http://legislacao.anp.gov.br/?path=legislacao-anp/resol-anp/2018/novembro&item=ranp-758-2018
https://www.icao.int/environmental-protection/CORSIA/Pages/default.aspx
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Petrobras units including the Henrique Lage Refinery ð Revap (SP), the Presidente Bernardes Refinery ð 
RPBC (SP) and the Duque de Caxias refinery ð Reduc (RJ). However, this approach for  hydro-processing 
has never been effectively implemented due to limited economic competitiveness . 

3.5.  Market development and policy effectiveness  

According to Brazilian Ministry of Agriculture, Livestock and Food Supply (MAPA), 654 million tons of 
sugarcane were produced in calendar year 2019. The national sugar production totalled 30  million tons, 
with the ethanol production totaling over 36 billion liters. About 70% of this total refers to hydrous ethanol 
(25 billion liters) and the remaining for anhydrous et hanol, which is blended with gasoline, with a 
production of 10.7 billion liters.  
 
Total ethanol production from corn grain in 2019 reached 1,330 million liters or 3.6% of total ethanol 
production and tripled the level of corn ethanol production since 2017 (413 million liters). Currently there 
are 12 plants producing ethanol from corn in Brazil. Located mainly in the states of Mato Grosso and 
Goias, 8 are flex -plants, producing ethanol from both sugarcane and corn, and 4 are dedicated only to 
corn. Corn ethanol plants are feasible in the corn producing areas of Brazil, especially if they can be 
located close to livestock operations because distiller dried grains and solubles (DDGs), a co -product of 
corn ethanol production, can be marketed as animal feed, thus  increasing business profitability. However, 
Brazilõs center-west and northern corn producing areas are in larger states with lower population densities 
and limited ethanol demand. Figure 3.6 shows the location of ethanol production facilities in Brazil 
(December 2019). 
 
At the end of December 2019, 366 conventional ethanol units, distributed by 65 companies, were able to 
sell anhydrous and hydrated ethan ol, with production capacities of 130 million liters/day and 237 million 
liters/day, respectively. The crushing capacity was around 740 million tonnes/year. At the same date, 
there were 51 plants of FAME biodiesel, with a production capacity of 9.3 billion  litres (ANP, 2020c). The 
main raw materials were soybean oil (68%) followed by tallow (11%).  
 

 
Figure 3.6. Ethanol, Biodiesel e Biogas production facilities in Brazil, December 2019  

Source: (EPE, 2020b) 
 
Brazil imports almost no biodiesel. Under the countryõs National Biodiesel Production Program (PNPB), 
created in 2004 and regulat ed by ANP through an auction system, only domestically produced biodiesel is 
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eligible for the auction. Businesses involving heavy duty vehicle fleets like long haul trucks, buses, rail 
transportation and agricultural machinery are allowed to use higher ble nds than those specified by current 
legislation and could potentially import biodiesel, however in practice they do not do so as the price of 
the imported product is not competitive with domestically produced biodiesel. Table 3.5 shows the actual 
production of transport biofuels in Brazil since 2010. The volumes of imported and exported ethanol and 
biodiesel are shown in Table 3.6. 
 
Table 3.5. Actual production of biofuels in Brazil in the period of 2010 -2019 

 Production ML/year  Production Capacity (ML/day)  

Year Biodiesel 
(FAME)  

Anhydrous 
ethanol 

(conventional)  

Hydrous ethanol 
(conventional)  

Biodiesel 
(FAME) 

Anhydrous 
ethanol 

(conventional)  

Hydrous ethanol 
(conventional)  

2010 2,386.4 8,356.7 19,567.2 16.21   

2011 2,672.8 9,049.6 13,865.9 18.81   

2012 2,717.5 9,563.6 13,913.1 20.57   

2013 2,917.5 12,004.7 15,602.9 21.96 104 205 

2014 3,419.8 12,229.8 16,295.8 21.16 106 206 

2015 3,937.3 11,564.6 18,684.6 20.37 116 213 

2016 3,801.3 11,727.3 16,549.1 20.48 120 219 

2017 4,291.3 11,695.2 15,998.5 21.21 128 237 

2018 5,350.0 9,505.2 23,692.8 23.72 126 233 

2019 5,923.9 10,608.0 24,548.1 25.92 130 237 

Source: (EPE, 2020a)  (ANP, 2020c)  

 
Table 3.6. Import and export of ethanol and biodiesel over the period of 2010 -2018 

Year Transport Biofuel  

Ethanol Biodiesel 

Import (M liter/year)  Export (M liter/year)  Export (1.000 tonnes/ year)  

2010 1,900.2 75.6  

2011 1,964.0 1,137.0  

2012 3,055.3 553.9  

2013 2,916.6 131.7 34.3 

2014 1,397.9 452.0 35.3 

2015 1,867.2 512.9 10.4 

2016 1,789.0 832.1  

2017 1,380.2 1,825.6 0.1 

2018 1,689.2 1,775.3 0.1 

2019 1,983.8 1,457.6 0.3 

 
Table 3.7 shows historical fuel consumption in Brazil over the period 2010 -2019. 
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Table 3.7.  Summary of transport fuel consumption (ML)  

Year Automotive 
Gasoline* 

Diesel 
fuels 

Aviation 
gasoline 
(Avgas) 

Aviation 
kerosene 

Fuel oil  Natural 
gas 

Biodiesel Anhydrous 
ethanol  

Hydrous 
ethanol  

2010 22,759.6 38,259.3 69.6 3,878.3 1,006.8 2,007.6 1,889.2 7,097.0 16,163.0 

2011 27,062.1 40,323.8 70.4 4,341.7 1,027.6 1,972.0 2,045.5 8,435.4 12,216.3 

2012 31,758.2 42,655.0 76.3 4,576.2 980.3 1,941.8 2,201.7 7,759.4 11,299.3 

2013 31,679.2 45,359.5 76.3 4,389.8 1,000.0 1,872.0 2,326.2 9,686.0 13,170.0 

2014 33,353.0 45,677.5 76.2 4,441.1 1,040.3 1,811.5 2,694.1 11,015.7 13,972.4 

2015 30,203.7 43,246.7 63.7 4,390.9 1,007.0 1,764.5 3,153.7 10,940.1 18,788.7 

2016 31,403.9 41,833.6 57.2 4,018.8 905.7 1,810.4 3,119.7 11,100.3 15,594.0 

2017 32,229.2 41,627.3 51.4 4,009.3 966.5 1,971.0 3,476.9 12,071.6 14,514.3 

2018 27,996.8 41,184.0 48.5 4,121.0 1,019.7 2,211.7 4,386.0 10,214.3 20,123.8 

2019 27,860.5 41,969.5 43.1 4,032.8 1,023.0 2,284.6 4,796.1 10,553.6 23,246.9 

* Not blended. Source: (EPE, 2020a) 

3.6.  Co-processing at oil refineries  

In 2019, the installed capacity of 17 oil refineries in Brazil was 383.3 million liters/day. There is also a 
7,800 t/day crude shale processing plant (ANP, 20 20d). The location of the oil refineries are shown in 
Figure 3.7. 

 
Figure 3.7. Oil refineries facilities in Brazil, December 2019  (Source: (EPE, 2020b)) 

 
However, this approach for hydroconverting has never been effectively implemented due to limited 
economic competitiveness.  On 11th  July 2020, Petrobras concluded tests at industrial scale for the 
production of HBIO, at Presidente Getúlio Vargas Refinery (Repar), in Ara ucária - Paraná. There, 2 million 
liters of soy oil were processed, which resulted in the production of about 40 million liters of this fuel. In 
August 2020, Petrobras submitted a contribution to the public consultation, carried out by the National 
Petroleum Agency, which regulates the specification and obligations regarding the quality control for 
commercialization of ògreen dieseló. Petrobras argued that diesel produced from the co-processing of 
vegetable oil with traditional oil refineries, known as HBIO , should be classified as ògreen dieseló, which 
is considered in RenovaBio. 



Brazil 

IEA Bioenergy Task 39 - Implementation Agendas: 2019 -2021 Triennium Update  120 

3.7.   Conclusions 

In light of the public policies adopted for biofuels in Brazil, Proalcool and PNPB were precursors for the 
insertion of ethanol and biodiesel in the fuel market. In ad dition, other policies, including financial and 
tax incentives, have enabled the development of new industrial, agricultural and automotive technologies 
that generate employment and income.   
 
Besides all the natural climate and soil conditions and land ab undance, which create very positive 
conditions for biofuels production, the key success factors have been the economic and financial 
sustainability of biofuels market, government support, issuing laws and regulations, tax incentives and 
market design aspects which stimulate the development and deployment of biofuels market (EPE, 2015). 
It must be noted also the synergy with energy and food production.   
 
Brazil may consider some challenges to improve biofuels market. The country should expand convergence 
between RenovaBio, Proconve and Rota 2030, instruments that work towards a more efficient, cleaner, 
more reliable and economically sustainable transport market deployment.   
 
Additionally, it is essential to integrate biomass conversion processes into biofuel s, chemical inputs, 
materials, food, feed and energy by supporting the development and dissemination of biorefineries its 
also important.   
 
Finally, there are still actions to be taken to disseminate and develop new biofuels such as regulation, 
technologi cal development and price competitiveness in relation to fossil substitutes. (EPE, 2020c) 
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4.  Canada 

Mahmood Ebadian and Jack Saddler, University of British Columbia  
Oshada Mendis and Oriana Vanderfleet,  Natural Resources Canada 
 
 

Summary 
¶ Recently, Canada pledged to update the countryõs nationally determined contribution under the 

Paris Agreement from 30% to 40-45% below 2005 levels by 2030. As such, Canadaõs current GHG 
reduction targets are (1) a 40 -45% reduction in GHG emissions by 2030 (benchmarked against 2005) 
and (2) net zero emissions by 2050. 
 

¶ In 2019, the transport sector accounted for 186 Mt CO2  eq (25% of total emissions). GHG emissions 
from the transport sector have grown by 54% since 1990, mostly driven by inc reases from freight 
trucks and light trucks.  
 

¶ Several federal and provincial initiatives are targetted to decarbonize the transport sector 
including federal and provincial Renewable Fuels Regulations, British Columbiaõs Low Carbon Fuel 
Standard, Clean Fuel Standard, Federal Greenhouse Gas Pollution Pricing, British Columbia Carbon 
Tax and Quebecõs cap-and-trade carbon exchange program.  
 

¶ Federal and provincial -level renewable fuels programs have continued to support conventional 
biofuels production and use a cross Canada, e.g., Federal blending mandates of 5% ethanol and 2% 
biodiesel (volume basis) and provincial mandates of 5% to 10% for ethanol and 2% to 4% for biodiesel 
(volume basis). 
 

¶ The volume of ethanol consumed annually has increased from roughly 1,70 0 million litres in 2010 
to 3,034 million litres in 2018. The volume of biodiesel  consumed annually has also increased 
substantially since 2010, rising from roughly 123 million litres in 2010 to 368 million litres in 2018.  
 

¶ Renewable diesel is blended into  diesel in similar volumes as biodiesel, with consumption 
calculated at 343 million liters in 2018. Currently, there is no domestic production of renewable 
diesel in Canada and the current consumption is imported.  
 

¶ Biofuels consumed in Canada offer significant carbon intensity reductions relative to gasoline and 
diesel. On average, in 2018, ethanol sold in Canada was 53% less carbon intensive than gasoline, 
while biodiesel and renewable diesel, were estimated to be 8 9% less carbon intensive than diesel.  
 

¶ In December 2020, Canada published its nationwide Clean Fuel Standard (CFS) draft regulation in 
a bid to achieve more than 30 million tonnes of annual reductions in greenhouse gas emissions by 
2030. This will be achi eved via the increased use of lower carbon fuels, energy sources and 
technologies.  
 

¶ Various types of federal and provincial government support have been used to encourage the 
production and use of biofuels. These span across all stages of the biorefining process and include; 
low-interest loans, grants for feasibility studies and market development, grants for storage and 
distribution infrastructure and tax-breaks and rebates for the purchase of biofuel -consuming 
vehicles. 
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4.1.  Introduction  

In 2015, Canada and 194 other countries òsigned-onó to the Paris Agreement, a legally binding 
international treaty regarding climate change. It was adopted at COP 21, on 12 December 2015, and 
entered into force on 4 November 2016. Under the Paris agreement,  Canada has committed  to a target 
of reducing its GHG emissions by 30% below 2005 levels by 2030. This means a reduction from 730 
megatonnes of carbon dioxide equivalent (Mt CO2 eq) in 2005 to 511 Mt CO2 eq in 2030. Most recently, 
at the April 2021 Leadersõ Summit on Climate hosted by the United States, Canadaõs prime minister 
pledged to update the countryõs nationally determined contribution under the Paris Agreement to 40 -45% 
below 2005 levels by 2030.  

To meet its commitment, the government of Canada released the first -ever national climate plan, The 
Pan-Canadian Framework on Clean Growth and Climate Change, which was jointly developed by the 
federal, provincial and territorial governments , in consultation with Indigenous peoples. The measures in 
the Pan-Canadian Framework are projected to help Canada reach its 2030 goal of a 30% reduction below 
2005 levels (Government of Canada, 2021a).  

In December 2020, the Government of Canada released its strengthened federal climate plan, A Healthy 
Environment and a Healthy Economy. The plan describes new and established federal policies, programs 
and investments aimed at cutting pollution and building a stronger, cleaner, more resilient and inclusive 
economy. The measures also include the Pan-Canadian Framework on Clean Growth and Climate Change. 
The proposed actions outlined in the strengthened climate plan will, once fully implemented, enable 
Canada to exceed its current 2030 target (see Figure 4.1) (Government of Canada, 2021a): 

¶ In 2030, GHG emissions are projected to be 588 Mt CO2 eq under Canada's climate plan or 227 Mt CO2 
eq lower than the 815 Mt CO2 eq projected before the adoption of the Pan -Canadian Framework. 

¶ In 2030, GHG emissions are projected to be 503 Mt CO2 eq under Canada's strengthened climate plan 
or about 8 Mt CO2 eq below the 2030 target of 511 Mt CO2 eq.  

 
Figure 4.1. Projected greenhouse gas emissions in 2030 to meet Canadaõs commitment to the Paris 

Agreement (Government of Canada, 2021a) 

 

https://pm.gc.ca/en/news/news-releases/2021/04/22/prime-minister-trudeau-announces-increased-climate-ambition
https://www.canada.ca/content/dam/themes/environment/documents/weather1/20170125-en.pdf
https://www.canada.ca/content/dam/themes/environment/documents/weather1/20170125-en.pdf
https://www.canada.ca/content/dam/eccc/documents/pdf/climate-change/climate-plan/healthy_environment_healthy_economy_plan.pdf
https://www.canada.ca/content/dam/eccc/documents/pdf/climate-change/climate-plan/healthy_environment_healthy_economy_plan.pdf
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The emission reduction sources that will be decreased, to help Canada reach its 2030 target, are shown 
in Figure 4.2. For example, the oil and gas sector as well as the transportation sector are projected to 
contribute 116 Mt CO2 eq to the 2030 GHG emissions reduction target (about 38% of total reduction 
target). As described below, these two sectors were the main contri butors to the national GHG emissions 
in 2019 (Government of Canada, 2021a).  

 
Figure 4.2. Sources of emission reductions contributing to reaching the 2030 target ( Government of 

Canada, 2021a) 

 
Canada has also committed to achieve a net-zero emissions economy by 2050. To help Canada achieve òa 
prosperous net-zero emissions future by 2050ó, the Government of Canada introduced the  Canadian Net-
Zero Emissions Accountability Act , in Parliament on November  19, 2020. The Act (Bill C-12) was adopted 
in June 2021 by the Senate. It sets targets for every five years from 2030 to 2050, to guide the countryõs 
transition to ne t -zero. Budget 2021 proposes to provide $5 billion over seven years (cash basis), starting 
in 2021-22, to the Net Zero Accelerator. Building on the support for the Net Zero Accelerator announced 
in the strengthened climate plan, this funding would allow th e government to provide up to $8 billion of 
support for projects that will help reduce domestic greenhouse gas emissions across the Canadian 
economy. Later in 2021, the  Government of Canada will launch the Net -Zero Challenge, a voluntary 
initiative to enco urage Canadian companies, particularly large industrial emitters, to develop and 
implement plans to transition their operations to net -zero emissions by 2050 (Government of Canada, 
2021a). The roadmap of Canadaõs Climate Plan from 2016 to 2050, to reach a net-zero emissions economy, 
is summarised in Figure 4.3.  

https://www.canada.ca/en/services/environment/weather/climatechange/climate-plan/net-zero-emissions-2050.html
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Figure 4.3. Canadaõs Climate Plan to reach net -zero emissions economy by 2050 (Natural Resources 

Canada, 2021) 

Canada's total GHG emissions in 2019 were 730 Mt CO2 eq, a slight increase from 728 Mt CO2 eq in 2018 
(see Figure 5.4). In 2019, the oil and gas sector accounted for 191 Mt CO2  eq (26% of total emissions), 
followed closely by the transport sector, which em itted 186  Mt CO2 eq (25%). The other Canadian 
economic sectors each accounted for between 7.0% and 12% of total GHG emissions (Government of 
Canada, 2020a). 

Between 1990 and 2019, emissions increased by 21.4%, or 129 Mt CO2 eq. The increase in total GHG 
emissions between 1990 and 2019 was mostly due to an 87% (89 Mt CO2 eq) increase in emissions in the 
oil and gas sector and a 54% (65 Mt CO2 eq) increase in the transport sector. These increases were partially 
offset by a 34  Mt CO2 eq decrease in emissions in the electricity sector and a 20  Mt CO2 eq decrease in 
emissions from heavy industry (Government of Canada, 2020a).  

 
Figure 4.4. Greenhouse gas emissions by economic sector, Canada, 1990 to 2019 (Government of Canada, 

2020a) 
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Figure 4.5 shows the GHG emissions of the transport sector over the period of 1990 -2019. Between 1990 
and 2019, the GHG emissions from the transport sector grew by 54%. The growth in emissions was mostly 
driven by increases from freight trucks and light trucks. Between 1990 and 2019, part of the GHG emissions 
increase was due to a higher number of vehicles on the road and to changes in vehicle type used. Although 
total emissions from passenger transport g rew by 38%, emissions from passenger cars declined by 21%, 
while emissions from light trucks (including trucks, vans and sport utility vehicles) more than doubled. 
Emissions from freight travel grew by 153% between 1990 and 2019. Specifically, emissions fr om freight 
trucks more than tripled and emissions from other modes of freight transport increased by 16% 
(Government of Canada, 2020a). 

 
Figure 4.5. Transport sector greenhouse gas emissions, Canada, 1990 to 2019 (Government of Canada, 

2020a) 

 
There are several ways to reduce the carbon intensity of the transportation sector including improving 
vehicle fuel efficiency (through regulated fuel efficiency standards), increasing the number of 
alternatively  fuelled vehicles (such as electric and CNG/LNG vehicles), improving transportation 
infrastructure, optimizing transport modes and shifting away from petroleum -based to less carbon-
intensive fuels such as biofuels.  
 
Conventional biofuels, including ethano l and biodiesel (conventional fatty acid methyl ester - FAME) and, 
to a small extent, natural gas, have been produced and used in Canada to decarbonize the road 
transportation sector. In addition to renewable fuel mandates, other regulations are contributin g to the 
decarbonization of the road transportation sector in Canada such as British Columbiaõs Low Carbon Fuel 
Requirements Regulation which requires the average lifecycle carbon intensity (CI) of fuel sold within the 
province to decline over time. This r egulation has encouraged the use of drop -in biofuels such as 
renewable diesel in Canada, although renewable diesel is not currently produced in Canada. Both federal 
and provincial regulations are in place. These include renewable fuel mandates, which requi re minimum 
renewable fuel blending in all gasoline and diesel consumed in the country. These regulations are 
discussed further in the next section.   

4.2.  Main drivers for biofuels policy  

Canada has the worldõs third largest proven oil reserves, after Venezuela and Saudi Arabia, and it is one 
of the top ten oil exporters in the world. Energy security is therefore not the driver for Canadaõs 
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renewable fuel industry. The main drivers for rene wable mandates are rural diversification and GHG 
emission reductions, to fight climate change, with GHG emission reduction the primary driver. The 
Canadian federal government has introduced carbon intensity benchmarks and it requires all of the 
Provinces and Territories to have a carbon pricing plan that will encourage consumption of renewable 
energy and biofuels.   

4.3.  Biofuels policy  

There are many policies designed to increase the use of renewable and low -carbon biofuels at the federal 
and provincial levels of government in Canada, and reduce transportation greenhouse gas (GHG) 
emissions. 

4.3.1.  Biofuel s obligations  

5.3.1.1. Renewbale Fuels Regulations 
Federal and provincial -level renewable fuels programs have continued to support conventional biofuels 
production and use across Canada. From 2006 through 2010, the Provinces of British Columbia, Alberta, 
Saskatchewan, Manitoba and Ontario established blending requirements of 5 to 8.5% for ethanol in 
gasoline and 2 to 4% for renewable content in diesel. Since December 2010, federal regulations have 
required fuel producers and importers to have an average ethanol content of at least 5% based on th e 
volume of gasoline produced or imported. Since July 2011, federal regulations have required fuel 
producers and importers to have at least 2%, on average, renewable content based on the volume of 
diesel fuel and heating distillate oil that they produce or  import. The current federal Renewable Fuels 
Regulations include a trading system and administrative, compliance including enforcement provisions 
such as recordkeeping and reporting (ECCC, 2017). However, some quantities of gasoline and diesel are 
exempt from blending policies. For example, gasoline and diesel pools in Newfoundland and Labr ador, 
the Territories, as well as other regions north of 60 degrees latitude are not regulated under the federal 
policy (Navius Research, 2020). 
 
Figure 4.6 summarizes the percentage of ethanol and biodiesel to be blended with gasoline and diesel as 
mandated by provincial regulations in 2020. The details of these provincial regulations can be found at 
sources such as Navius Research (2020) and USDA Foreign Agricultural Service (2019).  
 
 

 
Figure 4.6. Renewbale and Low Carbon Fuel Regulations in Canada (Natural Resources Canada, 2021) 

 

https://www.canada.ca/en/environment-climate-change/services/managing-pollution/energy-production/fuel-regulations/renewable.html
https://www.canada.ca/en/environment-climate-change/services/managing-pollution/energy-production/fuel-regulations/renewable.html
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In addition to Renewable Fuel Regulations, other federal and provincial initiatives are underway to 

decarbonize the transport sector.  

5.3.1.2. Federal Clean Fuel Standard 

In December 2017, the federal government released its Regulatory Framework on the Clean Fuel Standard 

(CFS), which described how Canada will transition from volumetric -based requirements towards a carbon 

intensity -based approach. However, the volumetric requirements under the current Renewable Fuels 

Regulations will remain in force until Environment and Climate Change Canada (ECCC) clarifies how 

Canada will transition to carbon intensity benchmarks. ECCC is the department within the Canadian 

government responsible for coordinating environmental policies and programs as well as for preserving 

and enhancing the natural environment and renewable resources (Government of Canada, 2020b). 

 

The CFS will complement the Pan-Canadian approach to pricing carbon pollution and will focus on 

reducing carbon intensity across the lifecycle of fuels  from production to use, reducing GHGs along the 

value chain of individual fuels and incenting innovation and technology.  

In December 2020, Canada published its nationwide Clean Fuel Standard (CFS) draft regulation in a bid to 
achieve more than 30 million tonnes of annual reductions in greenhouse gas emissio ns by 2030. The 
proposed CFS Regulations would require the primary suppliers (i.e. producers and importers  in Canada) 
of liquid fossil fuels including gasoline and diesel to reduce the carbon intensity (CI) of the ir  fuels from 
2016 CI levels by 2.4 gCO2e/MJ in 2022, increasing to 12  gCO2e/MJ in 2030. The proposed Regulations 
will also establish a credit market whereby the annual CI reduction requirements are met via three main 
categories of credit -creating actions described below (Government of Canada, 2020b): 

(1) actions that reduce the CI of the fossil fuel throughout its lifecycle (e.g., carbon capture and storage, 
renewable electricity, co -processing) 

(2) supplying low-carbon fuels such as ethanol, biodiesel and renewable diesel  

(3) specified end -use fuel switching in transportation such as electricity or hydrogen in vehicles.  

All three categories of credit creation will include opportunities for hydrogen and renewable natural gas 
(Government of Canada, 2020b):   

¶ Compliance category 1 : Credits can be created for carbon capture and storage when hydrogen is 
used to produce fossil fuels or lower carbon intensity fuels.   

¶ Compliance category 2 : Credits can be created for eligible renewable natural gas and hydrogen that 
are used as fuels.  

¶ Compliance category 3 : Credits can also be created for the hydrogen supplied to fuel cell vehicles, 
as well as for the renewable natural gas or hydrogen supplied to natural gas powered vehicles.   

Parties that are not fossil fuel primary  suppliers would be able to participate in the credit market as 
voluntary credit creators by completing certain actions (e.g. low -carbon fuel producers and importers). 
In addition, the proposed Regulations would retain 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) currently set 
out in the federal  Renewable Fuels Regulations (RFR). The RFR would be repealed (Government of 
Canada, 2020b). 

This is part of Canadaõs desire to reduce the lifecycle carbon intensity of fuels and energy used in the 
country. For example, the Clean Fuel Standard (CFS) is a performance -based approach. It is designed to 
incentivize innovation and adoption of clean technologies and expand the use of low carbon fuels 
throughout the economy. The Clean Fuel Standard gives fuel suppliers the flexibility to meet the 

https://www.canada.ca/en/environment-climate-change/services/canadian-environmental-protection-act-registry/publications/clean-fuel-standard-regulatory-framework.html
https://www.canada.ca/en/environment-climate-change/services/canadian-environmental-protection-act-registry/publications/clean-fuel-standard-regulatory-framework.html
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requirements in a cost -effective way that works best for them. It also creates an incentive for industries 
to innovate and adopt cleane r technologies to lower their compliance costs. The Clean Fuel Standard 
should complement other climate policies and investments, including carbon pollution pricing. More 
information can be found on the government of Canada website:  https://gazette.gc.ca/rp -
pr/p1/2020/2020 -12-19/html/reg2 -eng.html  

Figure 4.7 shows the timeline to develop and implement the CFS in Canada.  

 
Figure 4.7. Clean Fuel Standard regulations development and implementation timeline in Canada  (Natural 

Resources Canada, 2021) 

5.3.1.3. British Columbiaõs Low Carbon Fuel Standard 

British Columbiaõs Low Carbon Fuel Standard (BC LCFS) is one of the most successful emission reduction 

legislative measures used globally and is derived from the California LCFS approach. The BC LCFS consists 

of both renewable fuel volume requirements (Part 2 of the act) and lifecycle (feedstock 

production/acquisition through fuel use) carbon intensity (CI) reduction targets (Part 3 ). The Part 2 

component requires most gasoline and diesel supplied in BC to contain at least 5% and 4% renewable 

content by volume, respectively. To comply with the Part 3 component, fuel suppliers (producers and 

importers) must reduce the carbon intensity  of the provincial transportation fuel mix (gasoline, diesel, 

and substitutes) by 20%, by 2030, from a 2010 baseline. 

 

The legislation initially mandated a 10% carbon intensity reduction by 2020. This has since been amended 

to 9.1% due to the difficult economic environment resulting from the COVID -19 pandemic and a 

corresponding, significant, reduction in the demand for tr ansportation fuels. For different fuel classes, 

the BC Ministry of Energy, Mines and Low Carbon Innovation (BC MEMLCI) has established carbon intensity 

limits that decrease yearly to a cumulative decrease of 20% by 2030. A fuel supplier generates credits f or 

fuels supplied in BC with a carbon intensity below the carbon intensity limit while fuels having a carbon 

intensity over the limit accrue debits. Each credit or debit is equivalent to 1 tonne of CO2eq and a 

supplierõs balance must either carry zero or more credits (in other words, no debits in their account) to 

comply or face a non -compliance penalty of $200/debit. BCõs fuel suppliers can comply with BC LCFS by 

either supplying low carbon intensity fuels, buying credits from other fuel suppliers, or earn ing credits 

through Part 3 agreements. One of the critical features of the BC LCFS is that the ability to trade credits 

provides a òmarket-based mechanismó for compliance.  

Table 4.1 shows the compliance period and the carbon intensity (CI) limit for diesel and gasoline class.  

 

Table 4.1. Carbon intensity reduction goals in road transportation fuels in BC LCFS (BC MEMLCI, 2020) 

Compliance Period Carbon Intensity Limit for Diesel 

Class Fuel g CO2e/MJ) 

Carbon Intensity Limit for Gasoline 

Class Fuel g CO2e/MJ) 

Baseline 94.76 88.14 

2018 88.60 82.41 

2019 87.18 81.09 

2020 86.15 80.13 

2030 75.81 70.51 

 

In addition, Part 3 agreements (an agreement between a fuel supplier and the BC MEMLCI) incentivise 

fuel suppliers to undertake actions that increase the use of low carbon fuels sooner than would otherwise 

https://gazette.gc.ca/rp-pr/p1/2020/2020-12-19/html/reg2-eng.html
https://gazette.gc.ca/rp-pr/p1/2020/2020-12-19/html/reg2-eng.html
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have occurred and have a reasonable possibility of  reducing GHG emissions. Suppliers are awarded credits 

for meeting project milestones even though actual emission reductions may yet to be realized. A good 

example is Parkland Refinery Ltd.õs developmental efforts to co-process lipids. 

 

The success of the legislation is exemplified by the fact that the BC LCFS has resulted in the avoidance 

of over 9 million tonnes of cumulative GHG emissions from 2010 -2018, with a reduction of over 7 million 

tonnes due to the use of biofuels ( Figure 4.8). The BC MEMLCI is considering several amendments to the 

legislation. At present, the BC LCFS relates to only gasoline, diesel and their substitutes, such as ethanol, 

biodiesel, and renewable diesel. Since marine and air transport account for substantial emissions, the 

ministry is considering the inclusion of jet and marine fuel classes. One option is to expand the legislation 

to treat jet and marine fuels in a  similar fashion as diesel and gasoline classes. The other is to allow 

suppliers of aviation and marine fuel to opt -in and create credits without the added burden of compliance 

debits for higher carbon intensity fuels. It is likely that an opt -in approach will bridge the price gap 

between renewable jet (SAFs) and marine fuels, support market development as well as help establish 

fuel quality standards.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.8. Lifecycle emissions avioded by fuel type ( BC MEMLCI, 2020) 

4.3.2.  Carbon Pricing  

5.3.2.1. Federal Greenhouse Gas Pollution Pricing 

As mentioned before, the federal government released a Pan-Canadian Framework on Clean Growth and 

Climate Change, which includes a federal carbon pricing framework. The Pan -Canadian Approach to 

Pricing Carbon Pollution was announced October 2016. This pricing strategy would require all provinces 

and territories to have some form of carbon pricing plan in place by 2018. Under the Greenhouse Gas 

Pollution Pricing Act, adopted on June 21, 2018, the federal  carbon pollution pricing system has two 

parts:  

¶ A trading system for large industry, known as the output -based pricing system (OBPS) 

¶ A regulatory federal fuel charge (FFC)  

 

The Canadian Provinces and Territories have the flexibility to maintain or develop a carbon pollution 

pricing system that works for their circumstances, provided they meet federal benchmark stringency 

requirements. To ensure carbon pollution pricing applies throughout Canada, the  federal backstop carbon 

pollution pricing system  applies, in whole or in part, in any Province or Territory that requests it or that 

 

https://www.canada.ca/en/services/environment/weather/climatechange/pan-canadian-framework.html
https://www.canada.ca/en/services/environment/weather/climatechange/pan-canadian-framework.html
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does not have a pricing system in place that aligns with the federal benchmark stringency requirements. 

Provincial systems in place in  Prince Edward Island, Alberta and Saskatchewan also meet the emission 

sources they cover.  

 

Figure 4.9 shows the Carbon Pollution Pricing System development and implementation timeline in Canada 

(Government of Canada, 2021b). The Carbon Pollution Pricing System sets out a federal benchmark which 

is a minimum of $20 per tonne of carbon in 2019, rising by $10 per year to $50 per tonne in 2022, then 

with the yearly increase of $15 per tonne until 2030 wh en it reaches $170 per tonne. All direct proceeds 

from carbon pollution pricing under the federal system will be returned to the jurisdiction in which they 

were generated.  

 

 
Figure 4.9. Carbon Pollution Pricing System development and implementation timeline in Canada 

(Government of Canada, 2021b) 

 

Since the launch of the federal framework in 2018, there have been many developments across the 

country as provinces develop their own carbon pricing plans or choose to implement the federal backstop. 

Figure 4.10 gives a snapshot of the various carbon pricing regimes across the country. Recent progress in 

the implementation of Pan -Canadian approach to pricing carbon pollution can be found here:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.10. Snapshot of the various carbon pricing regimes across Canada (Delphi Group, 2020) 

 

Table 4.2 shows the impact of the federal carbon pricing on the retail price of transportation fuels.  

 

 

http://publications.gc.ca/collections/collection_2021/eccc/En4-423-1-2021-eng.pdf
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Table 4.2. Impact of the federal carbon pricing on the retail price of transportation fuels (Advanced 

Biofuels Canada, 2021) 

Year 2022 2025 2030 

Carbon Price ($CAD/tCO2eq) 50 95 170 

Gasoline ($CAD/liter)  0.11 0.21 0.79 

Diesel ($CAD/liter)  0.13 0.25 0.46 

Biofuels ($CAD/liter)*  0.00 0.00 0.00 

* Full excemption if blend exceeds 10% in gasoline and 5% in diesel 

 

5.3.2.2. British Columbia Carbon Tax  
British Columbia was the first Canadian province to create a fuel tax. British Columbia's carbon tax has 
been in place since 2008. This policy adds additional  carbon taxes to fossil fuels  burned for 
transportation, home heating and electricity, and reduces personal income taxes and corporate taxes by 
a roughly equal amount. The carbon tax is collected at the point of retail consumption (for example, at 
the pump for gasoline and diesel).  Carbon tax rates started at $10 CDN per ton of carbon dioxide 
equivalent (CO2e) emissions in 2008. The BC carbon tax was $30/tCO2e from 2012 until 2018. In April 
2018, the tax rate increased to $35/tCO 2e, and to $40/tCO2e in April 2019. The tax rate will generally 
increase by $5/tCO2e each year until it reaches $50/tCO2e in 2021. However, the increase in 2020 was 
delayed in light of the COVID -19 pandemic and the tax rate is still $40/tCO2e as of August 202 0. Each 
$5/tCO2e increment increased the tax on gasoline by 1.11 ¢/L and the tax on diesel by 1.28 ¢/L ( Table 
4.3) (Navius Research, 2020). 
 
Table 4.3. British Columbia carbon tax rates and impact on road transportation fuel retail price (Navius 

Research, 2020) 

Year  2012-2017 2018 2019-2020 2020 
(planned but delayed)  

2021 

Tax rate (CAD/tCO2eq) 30 35 40 45 50 

Gasoline (CAD/liter)  0.067 0.078 0.089 0.100 0.111 

Diesel (CAD/liter)  0.077 0.090 0.102 0.115 0.127 

 

5.3.2.3. Quebec Cap and Trade 
The Québec GHG emissions cap and trade system began in 2014 and suppliers of transportation fuels were 
included as of 2015. It applies to fuel suppliers who must hold credits for the emissions resulting from the 
fossil fuels they distribute; emissions from biofuels are exempt from the cap and trade system. The 
emissions credit price affects the wholesale price of fuels. However, wholesale gasolin e and diesel pricing 
does not show a price differentiation between fossil -biofuel blends and fuels without biofuels. The system 
has a price floor, which is a minimum price for credit trades. This price began in 2013 at $CAS10.75/tCO2e 
and rose by 5% plus inflation each year to 2020. The Québec system is linked with the California cap and 
trade program. The minimum credit price in the joint program must also account for the exchange rate. 
In practice, the average annual credit price has remained slightly abo ve the price floor ( Table 4.4) (Navius 
Research, 2020). 
 
Table 4.4. Quebec cap and trade average annual credit price and estimated price impact on gasoline and 

diesel (Navius Research, 2020) 

Year  2014 2015 2016 2017 2018 2018 

Credit Price (CAD/tCO2eq) 13.4 22.71 22.59 22.31 22.67 22.71 

Gasoline (CAD/liter)  0.033 0.055 0.056 0.055 0.055 0.056 

Diesel (CAD/liter)  0.037 0.062 0.062 0.062 0.061 0.062 

https://en.wikipedia.org/wiki/Carbon_taxes
https://en.wikipedia.org/wiki/Fossil_fuels
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4.3.3.  Excise duty reductions  

While the Canadian biofuels industry had received support from production and consumption subsidies, 
provincial subsidies have sunset and federal production subsidies ended March 2017. However, Canadian 
biofuels continue to benefit from provincial -level volumetric requirements stretching from British 
Columbia to Ontario, which range from 5 % to 10% for ethanol and from 2 to 4 % for renewable c ontent in 
diesel and other supporting policies that were discussed in the previous section .  

4.3.4.  Fiscal incentives  and Investment subsidies  

Canada ranked 5th amongst OECD countries for public expenditures on energy RD&D as a percentage of 
GDP in 2012. Expenditures by the Federal government, Provincial governments and industry on renewable 
and clean energy RD&D totaled approximately $ CAD 630 million in 2013/14 (Natural Resources Canada, 
2015). Bioenergy related research is being conducted across Canada in universities and colleges, Federal 
and Provincial laboratories, and industry. RD&D has been supported at both the Federal and 
Provincial/territorial levels.  
 
There are various types of government support provided in Canada for biofuels, spanning across all sta ges 
of the biorefining process (see Figure 4.11). The type of support available includes:  
Á RD&D -Grants and low-interest loans  
Á Business planning - Grants for feasibility studies and market development  
Á Plant construction - Grants and low-interest loans, accelerated depreciation  
Á Production - Fuel tax exemptions, producer payments  
Á Price support - Mandated biofuel blending requiremen ts and tariffs  
Á Distribution - Grants for storage and distribution infrastructure  
Á Consumption -Tax-breaks for the purchase of biofuel -consuming vehicles 

 
The most recent government support to grow clean fuels market across Canada is $1.5-Billion Clean Fuels 
Fund. The fund supports building new or expanding e xisting clean fuel production facilities, including 
hydrogen, renewable diesel, synthetic fuels, renewable natural gas and sustainable aviation fuel. It also 
supports feasibility and front -end engineering and design studies that will create jobs and enable  the 
sector to grow at the size and pace required to contribute to Canadaõs climate goals. 
 
 
 
 

https://www.canada.ca/en/natural-resources-canada/news/2021/06/minister-oregan-launches-call-for-proposals-under-15-billion-clean-fuels-fund-to-grow-clean-fuels-market-across-canada.html
https://www.canada.ca/en/natural-resources-canada/news/2021/06/minister-oregan-launches-call-for-proposals-under-15-billion-clean-fuels-fund-to-grow-clean-fuels-market-across-canada.html
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- AAFC: Agriculture and Agri-Food Canada; BDC: Business Development Bank of Canada; CIB: Canada 
Infrastructure Bank; ECCC: Environment and Climate Change Canada; EDC: Export Development Canada; 
GAC: Global Affairs Canada; ISED: Innovation Science and Economic Development Canada; NRC: National 
Research Council; NRCan: Natural Resources Canada; NSERC: Natural Sciences and Engineering Research 
Council of Canada; TBS:Treasury Board of Canada Secretariat 
Figure 4.11. Fiscal incentives and investment support for bioenergy and biofuels in Canada (Natural 

Resources Canada, 2021) 

 
There are variety of investment subsidies that support or have supported the production and consumption 
of bioenergy and biofuels. Some of the largest incentive programs include:  

¶ Agriculture and Agri -Food Canada (AAFC) 
o Agricultural Clean Technology Program 
o AgriInnovate Program 
o AgriScience Program 
o Agricultural Bioproducts Innovation Program  
o The ecoAgriculture Biofuels Capital Initiative  

¶ Business Development Bank of Canada (BDC):  
o Cleantech Practice 

¶ Canada Infrastructure Bank (CIB) 
o Clean Power Sector 

¶ Environment and Climate Change Canada (ECCC):  
o Climate Action Incentive Fund (CAIF) 
o Low Carbon Economy Fund (LCEF)  

¶ Export Development Canada (EDC):  
o Risk Management & Financing  

¶ Global Affairs Canada:  
o CanExport 
o Canadian International Innovation Program (CIIP) 
o Going Global Innovation (GGI)  
o Trade Commissioner Service ð Clean Technologies 

¶ Innovation, Science and Economic Development (ISED):  
o Innovation Superclusters Initiative  

https://www.agr.gc.ca/eng/agricultural-programs-and-services/agricultural-clean-technology-program/?id=1521202868490
https://www.agr.gc.ca/eng/agricultural-programs-and-services/agriinnovate-program/?id=1515682916298
https://www.agr.gc.ca/eng/agricultural-programs-and-services/agriinnovate-program/?id=1515682916298
https://www.agr.gc.ca/eng/agricultural-programs-and-services/agriscience-program-projects/?id=1516993063537
https://publicentrale-ext.agr.gc.ca/pub_view-pub_affichage-eng.cfm?publication_id=10207B
https://www.bdc.ca/en/about/what-we-do/cleantech-practice
https://www.bdc.ca/en/about/what-we-do/cleantech-practice
https://cib-bic.ca/en/partner-with-us/growth-plan/clean-power/
https://www.canada.ca/en/environment-climate-change/services/climate-change/carbon-pollution-pricing-proceeds-programming/climate-action-incentive-fund/small-medium-enterprises-project-stream.html
https://www.canada.ca/en/environment-climate-change/services/climate-change/low-carbon-economy-fund/challenge.html
https://www.canada.ca/en/environment-climate-change/services/climate-change/low-carbon-economy-fund/challenge.html
https://www.edc.ca/en/solutions.html
https://www.tradecommissioner.gc.ca/funding-financement/canexport/index.aspx?lang=eng
https://www.tradecommissioner.gc.ca/funding-financement/ciip-pcii/index.aspx?lang=eng
https://www.tradecommissioner.gc.ca/canadexport/0003487.aspx?lang=eng
https://www.tradecommissioner.gc.ca/sectors-secteurs/clean-technologies-technologies-propres.aspx?lang=eng&_ga=2.76310485.1962071213.1551302672-1514013810.1539788239
https://www.tradecommissioner.gc.ca/sectors-secteurs/clean-technologies-technologies-propres.aspx?lang=eng&_ga=2.76310485.1962071213.1551302672-1514013810.1539788239
https://www.ic.gc.ca/eic/site/093.nsf/eng/home
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o Regional Development Agencies (RDA) Programming (CanNor, WD, FedNor, FedDev 
Ontario, CED, ACOA) 

o SD Tech Fund 
o Strategic Innovation Fund (SIF) 

¶ National Research Council (NRC):  
o Industrial Research Assistance Program (IRAP) 

¶ Natural Resources Canada (NRCan):  
o Clean Energy for Rural and Remote Communities Program (CERRC) 
o Clean Growth in Natural Resource Sectors Program (CGP) 
o Energy Innovation Program (EIP) 
o Forest Innovation Program (FIP) 
o Impact Canada: The Skyõs the Limit Challenge (STL) 
o Indigenous Forestry Initiative (IFI)  
o Investments in Forest Industry Transformation (IFIT)  
o Program of Energy Research and Development (PERD) 
o Clean Fuels Fund 
o Federal Internal Energy R&D 
o Transformative Technologies Program 
o EcoEnergy for Biofuels 

¶ Treasury Board of Canada Secretariat:  
o Greening Government Strategy 

¶ Pan-Canadian Framework on Clean Growth and Climate Change 
o Low Carbon Economy Fund 
o Low-carbon and Zero-emissions Fuels Fund capitalized with $1.5 billion  
o Support pre-commercial clea n technologies with an additional $750 million over five years 

via Sustainable Development Technology Canada  

¶ Natural Sciences and Engineering Research Council of Canada (NSERC) 
o Alliance Grants  

 

The Natural Sciences and Engineering Research Council of Canada (NSERC) supports research and 

innovation undertaken by universities and companies. NSERC funds scholarships, fellowships, research 

chairs, strategic projects  and networks. Relevant networks include The BiofuelNet Network of Centres of 

Excellence (2012 to 2017), the recently completed NSERC Bioconversion Network, the NSERC Biomaterials 

and Chemicals Strategic Network (2010-2015) and the NSERC Industrial Biocatalysis Network (2014-2019).  

In addition to Federal programs, Canadian Provinces have been proving financial supports to develop 

biofuels technologies and markets such as BC Innovative Clean Energy (ICE) Fund, Alberta Bioenergy 

Producer Program, Emissions Reduction Alberta. 

4.3.5.  Other measures stimulating the implementation of biofuels  

In August 2018, the federal government issued a nationwide challenge to Canadians to develop the 
cleanest, most affordable and sustainable aviation fuel to further reduce the carbon footprint of the 
aviation sector. The details of this program can be found here. The Skyõs the Limit Challenge is a X-prize 
type model to source a breakthrough in Green Aviation fuels. In May 2019, the four finalists of the Impact 
Canada The Sky's the Limit Challenge was announced with each finalist receiving up to  $2 million  to 
develop their  solutions (Cision, 2019). The finalists are:  

¶ Carbon Engineering Ltd for its Sustainable Aviation Fuel., made from Air, Water and Renewable 
Electricity (British Columbia);  

¶ Enerkem for its Sustainable Aviation Fuels from Agro and Forestry Biomass and from Municipal Solid 
Waste through a Hub and Spoke approach (Quebec); 

¶ FORGE Hydrocarbons Corp for its Lipid-to-Hydrocarbon Biojet Project (Alberta); and  

¶ SAF Consortium for its Production of Sustainable Aviation Fuel from flue gas ðcaptured CO2 and low-
carbon hydrogen (Quebec). 

https://www.ic.gc.ca/eic/site/093.nsf/eng/home
https://www.ic.gc.ca/eic/site/093.nsf/eng/home
https://www.sdtc.ca/en/
https://www.sdtc.ca/en/
https://www.ic.gc.ca/eic/site/125.nsf/eng/home
https://nrc.canada.ca/en/support-technology-innovation/about-nrc-industrial-research-assistance-program
https://www.nrcan.gc.ca/reducingdiesel
https://www.nrcan.gc.ca/climate-change/canadas-green-future/clean-growth-programs/20254
https://www.nrcan.gc.ca/climate-change/canadas-green-future/clean-growth-programs/20254
https://www.nrcan.gc.ca/science-data/funding-partnerships/funding-opportunities/funding-grants-incentives/energy-innovation-program/18876
https://www.nrcan.gc.ca/science-data/funding-partnerships/funding-opportunities/funding-grants-incentives/energy-innovation-program/18876
https://www.nrcan.gc.ca/science-and-data/funding-partnerships/funding-opportunities/forest-sector-funding-programs/forest-innovation-program/13137
https://impact.canada.ca/en/challenges/green-aviation
https://impact.canada.ca/en/challenges/green-aviation
https://www.nrcan.gc.ca/science-and-data/funding-partnerships/funding-opportunities/forest-sector-funding-programs/indigenous-forestry-initiative/13125
https://www.nrcan.gc.ca/science-data/funding-partnerships/funding-opportunities/forest-sector-funding-programs/investments-forest-industry-transformation-ifit/13139
https://www.nrcan.gc.ca/science-data/funding-partnerships/funding-opportunities/forest-sector-funding-programs/investments-forest-industry-transformation-ifit/13139
https://www.nrcan.gc.ca/science-and-data/funding-partnerships/funding-opportunities/funding-grants-incentives/program-energy-research-development/4993
https://www.nrcan.gc.ca/climate-change/canadas-green-future/clean-fuels-fund/23734
https://www.nrcan.gc.ca/science-and-data/funding-partnerships/funding-opportunities/funding-grants-incentives/program-energy-research-development/4993
https://www.nrcan.gc.ca/our-natural-resources/forests-forestry/forest-industry-trade/overview-canadas-forest-industry/industry-transformation/13335
https://www.nrcan.gc.ca/energy/alternative-fuels/programs/12358
https://www.canada.ca/en/treasury-board-secretariat/services/innovation/greening-government/strategy.html
https://www.canada.ca/en/environment-climate-change/services/climate-change/low-carbon-economy-fund.html
https://www.canada.ca/en/services/environment/weather/climatechange/climate-plan/climate-plan-overview/healthy-environment-healthy-economy.html
https://www.nserc-crsng.gc.ca/innovate-innover/alliance-alliance/index_eng.asp
https://www2.gov.bc.ca/gov/content/industry/electricity-alternative-energy/innovative-clean-energy-solutions/innovative-clean-energy-ice-fund
https://www.alberta.ca/bioenergy-producer-program.aspx
https://www.alberta.ca/bioenergy-producer-program.aspx
https://eralberta.ca/apply-for-funding/#open-opportunities
https://impact.canada.ca/en/challenges/green-aviation
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The finalists have entered an 18-month period to produce the fuel. In  early 2022, the team with the best 
sustainable aviation fuel will be awarded a  $5-million  Grand Prize to help commercialize their innovation.  
 

In 2021, the federal government introduced further supports for zero emission technologies and fuels in 

its 2021 fiscal budget:  

¶ An additional $5 billion in funding for the Net Zero Accelerator under the Strategic Innovation 
Fund 

¶ $67 million to  implement the Clean Fuels Standard 

¶ Commitment on government procurement of sustainable aviation fuel and sustainable marine fuel  

¶ Preferential tax treatment (50% income tax reduction) for producers of zero emission fuels, 
including green hydrogen 

 
In addit ion to national initiatives to encourage the development of biofuels technologies and markets, 
Canada is heavily engaged in several international initiatives:  
 
Mission Innovation  

¶ Canada played a leadership role in the first phase of Mission Innovation. From 2016-2020, Canada co-
led the Sustainable Biofuels Innovation Challenge (ôIC4õ) ð 16 countries looking to make progress 
towards implementing affordable, advanced biofuels for transportation  and industrial applications. 
Currently, Canada is exploring opportunities to contribute to the next phase of Mission Innovation (ôMI 
2.0õ). Mission Innovation aims to develop ways to produce, at scale, widely affordable, advanced 
biofuels for transportation and industrial applications.  

 
Biofuture Platfrom  

¶ Canada is one of 20 countries participating in the Biofuture Platform , a government -led international 
effort to promote accelerated development of advanced low carbon fuels, biochemicals and 
biomaterials. Canada is a co-lead country of the Clean Energy  Ministerial Biofuture Initiative, which 
formally launched a The 11 Clean Energy Ministerial (CEM11). The intent is to accelerate the 
deployment of advanced low carbon fuels, biochemicals and biomaterials.  

 
Global Bioenergy Partnership  

¶ Canada is one of 23 countries participating in the Global Bioenergy Partnership (GBEP). GBEP was 
established to implement a Plan of Action to support "biomass and biofuels deployment, particularly 
in developing countries where biomass use is prevalent".  

 
International Renewable Energy  Agency 

¶ In 2019, Canada officially joined the International Renewable Energy  Agency (IRENA). IRENA is an 
intergovernmental organisation that supports countries in their transition to a su stainable energy 
future, and serves as the principal platform for international cooperation, a centre of excellence, 
and a repository of policy, technology, resource and financial knowledge on renewable energy.  

4.4.  Promotion of advanced biofuels  

Although Canadaõs production of biofuels using advanced technology platforms is limited, federal and 
provincial policy incentives favoring lower carbon intensity biofuels would provide additional support to 
advanced biofuels production in Canada. Canada has developed significant expertise in the development 
of technologies to convert non -food-based feedstocks to ethanol.  
 
Two Canadian firms have achieved pre-commercial -scale production. Enerkem makes cellulosic methanol 
and ethanol (which can be used as fuel or other in dustrial chemicals) from syngas by recycling carbon in 
non-recyclable municipal solid waste (MSW). In 2014, Enerkem launched the worldõs first full-scale MSW-
to-biofuels and chemicals facility in Edmonton, Alberta. Enerkemõs Edmonton plant started producing 
only methanol, but with the addition of a methanol -to-ethanol converter unit, the plant also began 
producing ethanol in 2017, with a current annual methanol -ethanol production capacity of 38 million 

https://www.canada.ca/en/department-finance/news/2021/04/budget-2021-building-an-innovation-economy-of-the-future.html
http://mission-innovation.net/
http://mission-innovation.net/our-work/innovation-challenges/sustainable-biofuels/
http://mission-innovation.net/2021/02/22/mi-members-agree-next-steps-on-the-road-to-mi-2-0/
http://mission-innovation.net/2021/02/22/mi-members-agree-next-steps-on-the-road-to-mi-2-0/
http://biofutureplatform.org/
http://www.globalbioenergy.org/
https://www.irena.org/
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liters from 100,000 tonnes of non-recyclable MSW. The Edmonton plant became the first ever MSW-to-
cellulosic ethanol plant certified to meet renewable fuel obligations under the U.S. RFS and to generate 
RINs, having received U.S. EPA pathway approval in 2017. Also in 2017, its ethanol scored the lowest 
carbon intensity value ever issued by the British Columbia Ministry of Energy and Mines under BCõs 
Renewable and Low Carbon Fuel Requirements Regulation (Source: Enerkem Website).  
 
Ensyn Technologies Inc., established in 1991, began its focus on renewable fuels in 2005 with the 
commissioning of its 70 dry tons/day plant in Renfrew, Ontario, which was initially designed to produce 
renewable fuels and chemicals and then retooled in 2014 to focus on heating oil and fuel. Ensyn transforms 
woody biomass into pyrolysis oil that can be used as a biocrude feedstock and co -processed at refineries 
to produce lower carbon fuels and chemical feedstocks, used as a renewable fuel oil for heating and 
cooling, or to produce specialty chemicals. In 2014 , Ensyn Corporation converted its production plant in 
Renfrew, Ontario to a dedicated fuels facility with a 12 million litre/year production capacity. Using 
Ensyn's patented RTP® pyrolysis technology, this plant has been supplying renewable heating fuel to  
clients in the Northeast US since 2014. Production capacity is also being used to develop and demonstrate 
refinery co -processing, and the use of Ensyn's pyrolysis oil as a renewable biocrude feedstock for 
petroleum refineries. In 2016, construction began on the Cote Nord Project at Port Cartier, Quebe c, a 
50/50 joint venture between Ensyn and Arbec Forest Products. This plant has a capacity to transform 
forest residues using rapid thermochemical liquefaction into 40 million liters/year of biocrude by 
converting approximately 65,000 dry metric tons per year of slash and other forest residues from local 
sources to biocrude. The facility was commissioned at the end of 2017, with product offtake focusing 
initially on heating markets in the northeastern U.S. and  eastern Canada as well as a renewable feedstock 
for petroleum refinery coprocessing to produce lower carbon transport fuels (Source: Ensyn Website).  
 
In 2016, Canfor Pulp Products Inc. (CPPI), a global producer of premium pulp and paper, and Licella Fibre  
Fuels Pty Ltd. (Licella), an Australian biofuels production start -up, formed a joint venture to use Licellaõs 
technology to economically convert biomass into biocrude.  Using Licellaõs first-of-kind Catalytic 
Hydrothermal Reactor (Cat -HTR) technology that  converts lower -value biomass from wood waste and pulp 
mill waste to lower carbon sustainable biofuel, the companies intend to convert residual wood and by -
product streams from the CPPI Kraft pulp mills in Prince George, BC, Canada, into biocrude oil which  can 
be co-processed by existing refineries into next -generation biofuels and biochemicals. The joint venture 
follows preliminary trials conducted in Australia where Licella successfully converted residual sawmill 
wood and pulp mill by -product streams orig inating from CPPI Kraft processes into a stable biocrude oil.  
 
In 2020, Licella entered into a new joint venture,  Arbios Biotech (ôArbiosõ), with Canfor, with a vision to 
provide low -carbon circular economy soluti ons around the world using Licellaõs breakthrough Cat-HTRÊ 
technology. Arbios will create high -value, sustainable carbon-based products, including advanced 
biofuels, from post -consumer biomass and residues (Licella website).  
 
Other Canadian companies that are planning to produce advanced biofuels in commercial volumes 
include:  

¶ FORGE Hydrocarbons- transforming waste fats and other low value organic oils into drop -in biofuels   

¶ SBI Bioenergy Inc- production of drop -in biofuels from bio -diesel 

¶ Greenfield Global  ð integration of grain -based and cellulosic-based ethanol production  

¶ Vanerco, a joint venture between  Enerkem and GreenField, plans to develop a cellulosic ethanol 
plant at the GreenField ethanol plant in Varennes, Quebec  

¶ Carbon Engineering ð direct air capture of CO 2 and subsequent gasification to produce Fischerð
Tropsch (FT) liquids 

¶  SAF+ Consortium- Capture industry CO2 emissions and transform them into synthetic  crude and low 
carbon trasportation fuel like SAF  

¶ CO2 Solutions by SAIPEM- CO2 capture and fuel synthesis- extract and purify CO2 from the air, and 
employs electr olysis to produce hydrogen from water using renewable electricity. The CO2 and 
hydrogen are then combined in a process called òthermo-catalysisó, where they are directly 
synthesized into liquid fuels such as gasoline and diesel  

¶ Steeper Energy Canada Ltd (Hydrothermal Liquefaction) - pilot plant in Calgary  

https://arbiosbiotech.com/
http://www.forgehc.com/
https://www.sbibioenergy.com/
http://www.greenfield.com/
http://www.enerkem.com/
https://greenfield.com/
http://carbonengineering.com/
https://safplusconsortium.com/
https://co2solutions.com/en/nouvelles/saipem-acquired-co2-capture-technology/
https://steeperenergy.com/
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¶ Genifuel (Hydrothermal Liquefaction) - convert wet organic wastes into renewable fuels and other 
valuable byproducts. Pilot plant in Vancouver  

¶ Woodland Biofuels- converting waste biomass into ethanol or other high v alue products  

¶ Iogen ð enzymatic hydrolysis (agricultural residues) and biogas -based fuels 

¶ Pond Biofuels- producion of biofuels and biochemcials from algae  

¶ Surrey Biofuel facility - processing organic waste into renewable natural gas and high quality 
compost 

¶ G4 Insight- production of renewable natural gas (RNG) from lignocellulosic biomass  

¶ Cellufuel - production of synthetic renewable fuels from the forestry resource  

¶ CRB Innovations- steam explosion of wood for recovery of cellulosi c sugars, HMF, lignin, and fibres 

¶ Bio-Techfar- fast pyrolysis for production of pyrolysis oil, biochar, and syngas  

¶ Cielo Renewables- convert multiple different waste streams into  renewable diesel  

4.5.  Market development and policy effectiveness  

4.5.1.  Biofuel s consumption in Canada  

Figure 4.12 shows the consumption of road transportation fuels in Canada from 2010 to 2018. As this 
figure shows, compared to other biofuels, substantially more ethanol has been consumed in Canada 
between 2010 and 2018. The volume of ethanol consumed annually has increased from roughly 1,700 
million l itres in 2010 to 3,034 million litres in 2018. The estimate for 2019 is about 2,817 million litres.   
 

 
Figure 4.12. Road transportaion fuel consumption in Canada ( Navius Research, 2020) 

 
The volume of biodiesel consumed annually has also increased substantially since 2010, rising from roughly 
123 million litres in 2010 to 368 million litres in 2018. Hydrogenation-derived renewable diesel ( HDRD) is 
blended into diesel in similar volumes as biodiesel, with consumption calculated at 343 million liters  in 
2018 (Table 4.5). The total quantity of biomass -based diesel consumption across Canada in 2018 is 711 
million litres per year  (Navius Research, 2020). 
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Table 4.5. Canadian road transport fuel consumption (million liters/yr) (Navius Research, 2020) 

Fuel Type 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019e 

Gasoline, pure 41,415 39,752 41,496 40,953 41,451 41,669 43,231 43,409 43,542 40,515 

Diesel, pure 28,224 27,254 27,894 27,966 28,729 27,087 26,566 27,987 27,833 25,697 

Ethanol 1,701 2,371 2,497 2,838 2,961 3,041 3,069 3,047 3,034 2,817 

Biodiesel 123.6 256.1 361.9 406.4 378.2 334 340 376 368 345 

HDRD 36.7 81.6 142.2 178.7 227.3 193 217 324 343 316 

Renewable fuel 
content in 
gasoline 

3.9% 5.6% 5.7% 6.5% 6.7% 6.8% 6.6% 6.6% 6.5% 6.5% 

Renewable fuel 
content in 
diesel 

0.6% 1.2% 1.8% 2.0% 2.1% 1.9% 2.1% 2.4% 2.5% 2.5% 

 
The percentage of renewable fuel in the gasoline pool (ethanol) and in the diesel pool (biodiesel plus 
HDRD) is summarised in Figure 4.13. The ethanol content in Canadian gasoline was 6.5% by volume in 
2018, down slightly from 6.6% in 2017. The biomass-based diesel content in 2018 was 2.5%, up from 2.4% 
in 2017. The national average blend rates are above what is required by the federal Renewable Fuels 
Regulation, partly a result of provincial policies as well as the economies of scale for renewable fuel 
blending once blending infrastructure is acquired (e.g. supplying a fuel market with 10% ethanol, rather 
than the specific required percent, once blending infrastructure is built) (Navius Research, 2020). 
 

 
Figure 4.13. Renewable fuel content by fuel pool, 2010 to 2018 with an estimate for 2019  (Navius 

Research, 2020) 

 
Figure 4.14 and Figure 4.15 show the renewable fuel consumption of gasoline and diesel pools by fuel  
type, and feedstock.  
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Figure 4.14. Renewable fuel consumption of gasoline pool by fuel type and feedstock  (Navius Research, 

2020) 

 
 

 
Figure 4.15. Renewable fuel consumption of diesel pool by fuel type and feedstock  (Navius Research, 

2020) 

 
The estimated lifecycle carbon intensity (CI) of road transportation fuels in Canada between 2010 and 
2018, with an estimate for  2019, is summarised in Figure 4.16. The CI for ethanol in 2018 was 42.7 
gCO2e/MJ, 15% below the value used for 2010. The weighted average for the biomass-based diesel CI in 
2018 was 10.4 gCO2e/MJ, 46% below the value used for 2010. This suggests that the biofuels consumed 
in Canada offer significant lifecycle carbon reductions relative to gasoline and diesel. The data also 
implies that, on average in 2018, ethanol sold in Canada was 53% less carbon intensive than gasoline, 
while biodiesel and HDRD, are estimated to be 89% less carbon intensive than diesel. The data in Figure 
4.17 also indicates that the CI of ethanol, biodiesel, and HDRD has decreased over time (Navius Research, 
2020). 
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Figure 4.16. Lifecycle carbon intensity by fuel type, for Canada, with estimate for 2019  (Navius Research, 

2020) 

 
The avoided lifecycle GHG emissions in Canada resulting from biofuel consumption is summarised in Figure 
4.17. This analysis shows that the avoided GHG emissions in Canada resulting from biofuel consumption 
has increased from 2.1 MtCO2e/yr in 2010 to 5.6 MtCO2e/yr in 2018. Cumulative national avoided GHG 
emissions from 2010 to 2018 is estimated to be 40.0 MtCO2e (Navius Research, 2020). 
 

 
Figure 4.17. Avoided lifecycle GHG emissions, with estimate for 2019  (Navius Research, 2020) 

 
The GHG abatement cost of biofuel blending in Canada from the perspective of consumers is summarised 
in Figure 4.18. The abatement cost is the cumulativ e cost impact by source (i.e. wholesale cost, marketing 
cost, tax cost), divided by the cumulative avoided GHG emissions from 2010 -2018 for the gasoline and 
diesel pool. The cost of abatement from ethanol blending is -$322/tCO2e. The cost of abatement in t he 
diesel pool is $149/tCO2e, or $133/tCO2e if fuel taxes were based on energy rather than volume (Navius 
Research, 2020). 
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Figure 4.18. GHG abatement cost, 2010-2018 (Navius Research, 2020) 

 

4.5.2.  Biofuel s production in Canada  

Canadaõs biofuel production capacity has grown significantly over the last decade. Ethanol production has 
been nearly constant since 2011, edging up from 1,700 million liters in 2011 to 1,750 million liters in 2018, 
with 16 plants operating at or near full capacity (USDA Foreign Agricultural Service, 2019). Nameplate 
production capacity fell from 1,800 million liters per year in 2015 to 1,750 million liters in 2016, as one 
plant closed in 2016.  In 2017, capacity increased again to 1,872 million liters. Further capacity growth of 
5% became operational for 2018, adding an additional 98 million liters for a total of 1,970 million liters. 
The capacity is expected to rise to 2,140 million liters beca use IGPC Ethanol Inc. finished construction 
and more than doubled capacity of its southern Ontario plant to 378 million liters per year (second largest) 
(USDA Foreign Agricultural Service, 2019). All of these facilities are located in Central and Western 
Canada: seven ethanol plants in the Central and nine in the West region  
 
Feedstock choice for ethanol plants is driven by differences in geography. As shown in  Figure 4.14, corn 
is the primary feedstock, followed by wheat. Since 2016, c orn has contributed 81% of ethanol production, 
with wheat falling to 19%. It is anticipated that this corn/wheat split was simil ar in 2017 and will remain 
so in 2018 due to the location of plants in/around major corn producing regions (USDA Foreign Agricultural 
Service, 2018).  
 
However, Canada has not had sufficient ethanol production capacity to meet federal and provincial 
mandates since 2011 and has therefore imported 40 -45% of its needed ethanol since 2013. On average, 
the United States supplies 98% of Canadaõs ethanol imports (and essentially 100% of its fuel ethanol 
imports). Canadaõs exportable supply is essential zero (USDA Foreign Agricultural Service, 2019).  
 
In Canada in 2018 there were ten commercial FAME biodiesel production facilities in operation with total 
national biodiesel production capacity of 650 million liters per year. Of these ten facilities, s even 
biodiesel plants are located in the Central region and three in the West region (USDA Foreign Agricultural 
Service, 2019). Most of Canadaõs biodiesel is produced from vegetable oils including canola oil and soy oil 
(90% of total feedstocks), followed by tallow and us ed cooking oil (7%) and corn oil (2%) (Figure 4.15).   
 
Canadian biodiesel production capacity has trended upwards, but not dramatically. Capacity decreas ed 
in 2018 following the closure of the Miligan Biofuels plant in Foam Lake, Saskatchewan. National capacity 
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is expected to increase by 45 million liters per year as BIOX Corp. increases the production capacity of its 
Canadian operations to 112 million lit ers per year (16% of national biodiesel capacity). The additional 45 
million liters a year would come from the companyõs purchase of a shuttered biodiesel facility in Sombra, 
Ontario (USDA Foreign Agricultural Service, 2019).  
 
Canadaõs biodiesel plants and biodiesel production are export -oriented with only part of the business 
focused on the domestic market. In any given year, Canada exports the majority of its biodiesel to the 
United States. The U.S. market nets higher returns than domestic outlets due to  the U.S. biomass-based 
diesel (BBD) blenders tax credit, and value of Renewable Identification Numbers (RINs). There is no 
commercial production of renewable diesel in Canada (USDA Foreign Agricultural Service, 2019). 
 
Canadian exports have faltered accor dingly after reaching a record 422 million liters 2016, falling to 325 
million liters in 2017, 297 million liters in 2018, and finally an estimated 270 million liters in 2019. 
Persistent uncertainty over the passage of a tax extender for the BBD blenders t ax credit weighs heavily 
on the market as well (USDA Foreign Agricultural Service, 2019).  
 
A map of ethanol and biodiesel plants in Canada can be found here. 

4.6.  Coprocessing 

Both British Columbiaõs Low Carbon Fuel Standard and the federal Clean Fuel Standard have encouraged 
Canadian oil refineries to consider co -processing as an economically attractive compliance pathway.  
 
In British Columbia, Part 3 Agreements have òencouragedó BC oil refineries to consider investing in co-
processing as one way of reducing the carbon intensity of their operations. As a result, various co -
processing trials have and are being carried out to assess some of the technical and operational aspects 
of co-processing while evaluating the G HG emission reduction potential resulting from a co -processing 
approach. For a variety of reasons, such as the non -availability and composition of òbiocrudesó, all the 
co-processing trials carried out to date have used oleochemicals/lipid feedstocks.  
 
Brit ish Columbia has two oil refineries with a total processing capacity of 67,000 barrel per day (bbl/day) 
which is about 4% of Canadaõs total refining capacity. The Parkland refinery in Burnaby has a capacity of 
55,000 bbl/d. This refinery is already routine ly co-processing low-carbon intensity lipids. This refinery 
was the first facility in Canada to use existing infrastructure and equipment to co -process bio-feedstocks 
such as canola oil, and oil derived from animal fats (tallow) alongside crude oil to prod uce low carbon 
fuels. The resulting co -processed low carbon fuels have less than one eighth of the carbon intensity of 
conventional fuels ( Parkland website). The Tidewater refinery with a capacity of 12,000 bbl/d, is located 
in Prince George. The company recently announced its plans to build renewable diesel and renewable 
hydrogen facilities utilize Topsoeõs HydroFlexÊ and H2bridgeÊ technologies (Topsoe website).    

Sources 

Government of Canada, 2020a. Greenhouse gas emissions. 
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https://www.canada.ca/content/dam/eccc/documents/pdf/cesindicators/ghg-emissions/2021/greenhouse-gas-emissions-en.pdf
https://www.canada.ca/content/dam/eccc/documents/pdf/cesindicators/ghg-emissions/2021/greenhouse-gas-emissions-en.pdf
https://gazette.gc.ca/rp-pr/p1/2020/2020-12-19/html/reg2-eng.html
https://www.canada.ca/content/dam/eccc/documents/pdf/cesindicators/progress-towards-canada-greenhouse-gas-reduction-target/2021/progress-ghg-emissions-reduction-target.pdf
https://www.canada.ca/content/dam/eccc/documents/pdf/cesindicators/progress-towards-canada-greenhouse-gas-reduction-target/2021/progress-ghg-emissions-reduction-target.pdf
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5.  Denmark 

Sune Tjalfe Thomsen, Department of Geosciences and Natural Resource Management, University of 
Copenhagen, Frederiksberg C, Denmark 
 

Summary 
¶ Since 2010, 5.75% blending mandate (energy basis) for both ethanol and biodiesel has been in place 

in Denmark. In 2020, it was increased to 7.6%, but by 2021, it will be down to 5.75% again.  
 

¶ In 2020, a 0.15% mandate for advanced fuels was introduced. In 2021, the mandate will be 
increased to 0.75 %.  

 

¶ The use of bioethanol and biodiesel was 4.5% of total road transport in 2019.  
 

¶ There is no domestic production of ethanol. There are two biodiesel production plants using 
rapeseed oil and waste fat/oil as feedstock.  

 

¶ There are no incentives for use of liquid biofuels only exemptions from CO 2 tax. There is a  CO2 tax 
of 0.42 û/L of gasoline and 0.58 û/L of diesel, with decreased tax on biofuel blends. 

 

¶ There has been a large support for biogas production and use in Denmark. The biogas sector has 
been expanding by a factor of 4 -8 to a total production of more t han 18 PJ in 2020. Manure and 
household waste are the main feedstocks, but straw is increasingly being used and research is 
active on how to include straw better.  

 

¶ There are funding programs for clean energy technologies R&D but there are no separate progr ams 
for biofuels. After years of decreased research funding, the research funding for green tech has 
increased substantially in 2020.  
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5.1.  Introduction  

Denmark has a multi-faceted energy supply based on a variety of energy sources, a high degree of 
efficiency in energy consumption and a significant domestic production of oil, natural gas and renewable 
energy. According to the Governmentõs national Energy Strategy 2025, from June 2005, the goal is to 
improve the use of market  mechanisms and to promote more cost -effective initiatives. The Danish 
electricity and natural gas markets have been completely liberalised. With the implementation of the CO 2 
allowance system in the European Union, a step has been taken towards flexibility in climate protection. 
It reduces energy costs and increases freedom of choice. Finally, developments in the energy system are 
largely to be based on Danish knowledge and technology.  
 
Overall, the Danish GHG emissions has been reduced the past two decades. Meanwhile, the emissions 
from transport have been stable, thus the percentual share has risen from 7% in 1990 to 11% in 2019. It 
should be noted that the presented data is  without the share from international transport by Danish ships, 
planes and vehicles, which otherwise would have been a very considerable contribution due to Denmarkõs 
large marine fleet.  
  

  
Figure 5.1. Danish greenhouse gas accounts and the contribution of transport sector. Data from: 

https://www.statistikbanken.dk/ene2HO   

 
Denmarkõs national binding target for renewable energy as stated in the EU Renewable Energy Directive 
(2009/28/EC) is 30% of gross final energy consumption in 2020. The targeted shares of the three sectors 
heating/cooling, electricity and transport are sho wn in Table 5.1.  
 
 
Table 5.1. Denmarkõs 2020 renewable energy targets 

Sector  Share in gross final consumption per sector  

Overall target  30% 

Heating and cooling 40% 

Electricity  52% 

Transport 10% 
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The main vehicle to foster renewable energy has until recently been the Promotion of the Renewable 
Energy Act of 2009 (RED I). The act provides detailed feed -in tariffs/premium for wind, biomass, biogas 
and other renewable energy sourced electricity produc tion. In terms of biofuels, the blending quota 
accounts for 5.75% in diesel as well as gasoline (by energy content).  
 
After years of negotiations, RED II (recast of the 2010 ð2020 RED I) has been adopted and published in 
December 2018. RED II sets the framework for the EU renewable energy policy for 2021 ð2030. In RED II, 
the overall EU target for Renewable Energy Sources consumption by 2030 has been raised to 32%. The 
Commissionõs original proposal did not include a transport sub-target, which has been intr oduced by co-
legislators in the final agreement: Member States must require fuel suppliers to supply a minimum of 14% 
of the energy consumed in road and rail transport by 2030 as renewable energy.  
 
The RED II defines a series of sustainability and GHG emission criteria that liquid biofuels used in transport 
must comply with to be counted towards the overall 14% target and to be eligible for financial support by 
public authorities. Some of these criteria are the same as in the original RED, while others are new or 
rephrased. In particular, the RED II introduces sustainability for forestry feedstocks as well as GHG criteria 
for solid and gaseous biomass fuels. Default GHG emission values and calculation rules are provided in 
Annex V (for liquid biofuels) and A nnex VI (for solid and gaseous biomass for power and heat production) 
of the RED II. The Commission can revise and update the default values of GHG emissions when 
technological developments make it necessary.  
 
Within the 14% transport sub-target, there is a dedicated target for advanced biofuels produced from 
feedstocks listed in Part A of Annex IX. The contribution of advanced biofuels and biogas produced from 
the feedstock listed in Part A of Annex IX as a share of final consumption of energy in the trans port sector 
shall be at least 0.2 % in 2022, at least 1% in 2025 and at least 3.5 % in 2030.15  
 
However, REDII is awaiting implementation in Denmark and there is still uncertainty regarding future 
bioethanol and biodiesel blending requirements. For that r eason, a rather peculiar situation has arisen, 
where the blending mandate has been raised for 2020, only to fall again in 2021. The requirement was 
5.75% (energy basis) until 2019, but with amendment of the law in December 2019 (Act 1568 of 27 
December 2019), it was raised to 7.6% in 2020. By 2021, the requirement according to the law is again 
5.75 %. Biofuels can be bioethanol mixed with gasoline, biodiesel mixed with diesel, and biomethane 
mixed with natural gas 16.  
 
The law obliges suppliers to ensure th at at least 7.6% of annual sales of gasoline, diesel and gas for land 
transport are biofuels or biogas. The 7.6% is to be understood as the proportion of the total energy content 
of the fuel. Any contributions from biofuels produced from raw materials list ed in Appendix 1 to the RED 
II count double in the fulfillment of the obligation. At the same time, suppliers must ensure that at least 
5% (by energy content) of biofuels is added to gasoline. In addition, according to Executive Order No. 
1625 of 27/12/201 9 on the sustainability of biofuels, there is a requirement that at least 0.15% of 
advanced biofuels be included in the fuel delivered for transport purposes in 2020. The requirement will 
increase to 0.75% by 2021. This is the responsibility of obligated c ompanies  to figure out how to fulfill 
their biofuels obligation. For example, compliance can be done by mixing 10% by volume bioethanol in 
gasoline (so-called E10), 7% by volume biodiesel in diesel (so-called B7) and by using, to a certain extent, 
double-counting biofuels and selling fuel to vehicle fleets running at a particularly high blending  
percentage. Obligated companies can only fulfill their obligation with biofuels that meet the EU's 
sustainability criteria for biofuels 2.  
 
On a national level, by June 2020 the Danish parliament has passed the new ambitious and binding Climate 
Act, with a reduction target of 70% of greenhouse gas emissions by 2030 compared to 1990 and a long -
term goal of climate neutrality by 2050 and with th e 1.5-degree objective in mind. The agreement had 

 
15 https://ec.europa.eu/jrc/en/jec/renewable-energy-recast-2030-red-ii  
16 https://ens.dk/ansvarsomraader/transport/biobraendstoffer  

https://ec.europa.eu/jrc/en/jec/renewable-energy-recast-2030-red-ii
https://ens.dk/ansvarsomraader/transport/biobraendstoffer
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broad support among the parties of parliament making the Climate Act legally binding for the future 17. 
How this act will influence biofuels blending targets is still unresolved.  

5.2.  Main drivers for biofuels po licy  

The main driver for expanded production of biofuels would be climate change mitigation and to some 
degree rural development.  

5.3.  Biofuels policy  

5.3.1.  Biofuels obligations  

Biofuels on a larger scale were introduced in Denmark in 2006 when Statoil began selling  E5 ethanol. Since 
2010, 5.75% blends of ethanol and biodiesel (energy basis) have been mandatory. In 2015, a 0.9% mandate 
for advanced fuels by 2020 was issued. Until 2019, the use of advanced fuels has been zero. However as 
stated above, the current mand ate of advanced fuel blends has been set to 0.15% for 2020 and 0.75% for 
2021 (see Table 5.2).  
 
The law mandating a blend of 5.75% biofuels in both diesel and gasoline can be found here: Lov om 
bæredygtige biobrændstoffer . An addendum was made in 2016 stating that by 2020, 0.9% of the biofuels 
should be advanced biofuels i.e. 2G fuels . The Danish oil industry has stated a goal of 2.5% by 2020; 
however, this does not appear to be a realistic goal. Furthermore, there is an order on fuel quality for 
use in vehicles: Bekendtgørelse om kvaliteten af benzin, dieselolie og gasolie til anvendelse i 
motorkøretøjer .  With regard to assessing sustainability, there is a specific set of guidelines for 
sustainability assessment. Non-compliance of biofuel policies for companies is regulated by fines.  
If other renewable fuels/types of energy (e.g ., electric vehicles) are used in transport, the 5.75% mandate 
for biofuels can be correspondingly lowered. With regard to liquid biofuels, there is still a lot of debate 
whether the technology is the most effective way to use biomass, which creates uncert ainty in funding, 
political direction and legislation. However, this discussion is being shaped in the context of Denmark 
following the EU directive on sustainability criteria.  
 
According to an energy plan in 2012, a focus has been placed on biomass for combined heat and power 
(CHP) with no support for traditional biofuels. Denmark considers that the use of biomass for CHP 
production is a more cost -effective way to use the biomass resources than the present technology (first 
generation) for the production o f biofuels. However, fossil fuel consumption in transport continues to 
increase and this needs to be addressed.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
17 https://en.kefm.dk/news/news-archive/2020/jun/danish-climate-act-passed-by-parliament-with-huge-majority-

enshrining-70-reduction-target-by-2030-in-law/ 

https://www.retsinformation.dk/Forms/r0710.aspx?id=125469
https://www.retsinformation.dk/Forms/r0710.aspx?id=125469
https://www.retsinformation.dk/Forms/R0710.aspx?id=185842
https://www.retsinformation.dk/Forms/R0710.aspx?id=192577
https://www.retsinformation.dk/Forms/R0710.aspx?id=192577
https://ens.dk/sites/ens.dk/files/Transport/haandbog_version_1_4_1_pdf26022018.pdf
https://en.kefm.dk/news/news-archive/2020/jun/danish-climate-act-passed-by-parliament-with-huge-majority-enshrining-70-reduction-target-by-2030-in-law/
https://en.kefm.dk/news/news-archive/2020/jun/danish-climate-act-passed-by-parliament-with-huge-majority-enshrining-70-reduction-target-by-2030-in-law/
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Table 5.2. Biofuel blending mandates (% by energy) 

Year Ethanol  Biodiesel  Share of advanced biofuels  

2010 5.75 5.75 0 

2011 5.75 5.75 0 

2012 5.75 5.75 0 

2013 5.75 5.75 0 

2014 5.75 5.75 0 

2015 5.75 5.75 0 

2016 5.75 5.75 0 

2017 5.75 5.75 0 

2018 5.75 5.75 0 

2019 5.75 5.75 0 

2020 7.6 7.6 0.15 

2021 5.75 5.75 0.75 

5.3.2.  Excise duty reductions  

There is a CO2 tax on gasoline and diesel (see Table 5.3) in Denmark, while biofuels used as motor fuel 
are exempt from tax 18.  
 
Table 5.3. CO2 tax on gasoline and diesel in Denmark 

Fuel Type  Unit  2015 2016 2017 2018 2019 2020 

Diesel used as engine fuel û/L 0.40 0.40 0.41 0.41 0.41 0.42 

Gasoline  û/L 0.56 0.56 0.57 0.57 0.58 0.58 

Gasoline with 4.8 % biofuels  û/L 0.55 0.56 0.56 0.56 0.57 0.57 

Gasoline with 9.8 % biofuels  û/L      0.56 

Energy tax for gasoline equivalent 
(biofuel)  

û/GJ 0.17 0.17 0.17 0.18 0.18 0.18 

Energy tax on diesel equivalent (biofuel)  û/GJ 0.10 0.10 0.10 0.10 0.10 0.10 

Gasoline is lead-free gasoline (lead content not exceeding 0.013 g per liter). Data from The Danish 
Customs and Tax Administration, https://skat.dk/SKAT.aspx?oid=2061405 , 2020  

5.3.3.  Fiscal incentives  

No fiscal incentives are available for transportation biofuels in Denmark.  

5.3.4.  Investment subsidies  

No investment subsidies are available for transportation biofuels in Denmark. Other measures stimulating 
the implementation of biofuels .  
 

 
18 Ref: https://skat.dk/SKAT.aspx?oid=2060521 

https://skat.dk/SKAT.aspx?oid=2061405
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Danish research activities within bioenergy cover a large range of topics, i.e., pre -treatment of 
lignocellulosic biomass for biogas production, integration of bioenergy in energy systems, optimal 
utilisation of solid biofuels, safety in handling and stora ge, and production of biofuels. An overview of all 
finalised and ongoing projects within research, development and demonstration can be found at 
https://energiforskning.dk . This is a website for all Danish researc h, development and demonstration 
funding programmes within energy and climate.  
 
There are funding programs for Research and Development but there are no separate programs for 
biofuels. Energy research funding has been has decreasing in recent years, but si nce 2019 funding has yet 
again been increasing with the most significant funding agencies being The Innovation Fund Denmark 19, 
The Novo Nordisk Foundation20, and  The Danish energy agency who is responsible for the energy 
technology development programme ( EUDP)21. The program focus is on energy technologies in general 
and it is the only current research programme that includes biofuels in its strategy. The exact funds for 
biofuels- or even energy-research cannot be specified, since the foundations have broader scopes. In 
2020, the government granted one billion dkk (134 million û) more for green research - in addition to 
what is being granted normally. The new billion will be used to develop new knowledge and solutions to 
our massive climate and environmental challenges.  

5.4.  Promotion of advanced biofuels  

Incentives for advanced biofuels include òdouble countingó of renewables targets of member states in 
the EU. However, it is a rgued by many in the industry that this has not worked and that targets for 
advanced biofuels should be set. By 2020, there is a new 0.15% blending mandate for advanced biofuels 
in Denmark. At the time of this report, there are no available data on the act ual use of advanced biofuels.  
 
Ørsteds (formerly known as DONG Energy) Inbicon's ethanol plant in Kalundborg had a treatment capacity 
of 100 dry tonnes feedstock per day yielding 10 million liters of cellulosic ethanol per year. The conversion 
technology uses enzymatic hydrolysis to break down lignocellulosic material into C5 and C6 sugars which 
are then fermented to cellulosic ethanol. The plant was inaugurated in November 2009, produced the 
first straw -derived cellulosic ethanol in December 2009 and has s ince sold 5 million litres to Statoil. The 
plant received û10.2 million in public support, with a total investment around û64 million. In 2015, the 
plant ceased production and it currently remains idle. It is speculated that this cessation is due to the 
greater resource allocations required for larger scale development. For a brief time during the 2020 
COVID-19 pandemic, the plant was reopened by new owners ( RE Energy) and was used to produce ethanol -
based hand sanitizer. The longer -term plans for this plan t is currently unknown.   
 
Maabjerg Energy Center (MEC) is a joint venture between multiple stakeholders companies, among them 
Ørsted and Novozymes. The concept of MEC is a large-scale ethanol production facility coupled with a 
CHP plant and biogas plant. Annual production of ethanol and biogas is projected to yield 80 million liter 
and 50 million m 3, respectively. The first two legs of MEC, a biogas plant and a CHP -plant are already in 
place, but construction of the third leg ð an ethanol plant is still no t finally decided upon.  
   
There are two pilot scale facilities for HTL (hydrothermal liquefaction) of biomass to advanced biofuels 
including:  

¶ Aarhus University: Current focus is on treatment of sludge eventually mixed with biomass fibers used 
as filter ai d 

¶ Aalborg University in collaboration with Steeper Energy (Hydrofaction technology). In November 2017, 
the HydrofactionÊ pilot plant in Aalborg, Denmark surpassed 4750 hours of hot operation, with a total 
of over 1750 hours of oil production. In December 2 017, Steeper Energy partnered with Silva Green 

 
19 https://innovationsfonden.dk/en 
20 https://novonordiskfonden.dk/en/ 
21 https://ens.dk/ansvarsomraader/forskning-udvikling/eudp  

https://energiforskning.dk/
https://ens.dk/ansvarsomraader/forskning-udvikling/eudp
https://innovationsfonden.dk/en
https://novonordiskfonden.dk/en/
https://ens.dk/ansvarsomraader/forskning-udvikling/eudp
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Fuel, a Norwegian-Swedish joint venture, to construct a $59M industrial scale demonstration plant in 
Norway22.  

 
There is a large support for biogas production and use in Denmark. The biogas production has incr eased 
by 40-45% during 2016- 2017, compared to 2015 due to economical favorable conditions. The biogas sector 
is expanding by a factor of 4 -8,  reaching a total annual production of more than 18 PJ in 2020. Manure 
and household waste are the main feedstock s but straw is increasingly being used and there is research 
going on how to better include straw. Upgraded biogas, is still only used to a very minor extent to road 
transport, and only in special cases such as for a few public city busses.  

5.5.  Market developm ent and policy effectiveness  

Denmark has no domestic production of ethanol meaning that the annual consumption of nearly 86 ML is 
based on import. The Danish domestic production of biodiesel (FAME) covered roughly 20% (44 ML) of the 
total biodiesel consump tion of 220 ML in 2018. There are two biodiesel plants in Denmark. Emmelev 
Mølle23 started operation in 2001 and is based on rapeseed as feedstock. The annual production capacity 
is around 180 ML, which is largely exported. Daka ecoMotion 24  started produc tion in 2008 and produces 
biodiesel based on animal waste fat and oils. The annual production is 55 ML 25.  
 
There is no production and use of renewable diesel (hydrotreated vegetable oil (HVO) or 
Hydroprocessed Esters and Fatty Acids (HEFA)) in Denmark.  
 
Figure 5.2 shows the locations of pilot, demonstration and commercial biofuel plants in Denmark and 
Table 5.4 shows the annual biofuel production.   
 
 

 
22 https://steeperenergy.com/2017/12/15/steeper-energy-announces-eur-50-6-m-dkk-377-m-advanced-biofuel-

project-with-norwegian-swedish-joint-venture-silva-green-fuel-in-licensing-deal/   
23 www.emmelev.dk 
24 www.dakaecomotion.dk  
25 IEA Bioenergy Task 39 Newsletter, Issue 53: Biofuels Production and Consumption in Denmark: Status, Advances 

and Challenges, online at: http://task39.ieabioenergy.com/newsletters/  

https://steeperenergy.com/2017/12/15/steeper-energy-announces-eur-50-6-m-dkk-377-m-advanced-biofuel-project-with-norwegian-swedish-joint-venture-silva-green-fuel-in-licensing-deal/
https://steeperenergy.com/2017/12/15/steeper-energy-announces-eur-50-6-m-dkk-377-m-advanced-biofuel-project-with-norwegian-swedish-joint-venture-silva-green-fuel-in-licensing-deal/
http://www.emmelev.dk/
http://www.dakaecomotion.dk/
http://task39.ieabioenergy.com/newsletters/
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Figure 5.2. Pilot, demonstration and commercial biofuel plants in Denmark  

 
Table 5.4. Biofuel production (ML/year)  

Year Biodiesel  Ethanol  Cellulosic ethanol  Biogas as transportation fuel  

2009 149 0 0 0 

2010 147 0 0 0 

2011 121 0 0 0 

2012 143 0 0 0 

2013 134 0 0 0 

2014 191 0 0 0 

2015 181 0 0 0 

2016 203 0 0 0 

2017 198 0 0 0 

2018 200 0 0 0 

2019 215 0 0 0 

2020 225* 0 0 0 

Exact market shares cannot be indicated as there is a significant but unknown level of export.  
Data from https://www.dst.dk/en . *expected production.  
 
 
 
 

https://www.dst.dk/en
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Table 5.5. Summary of transport fuel consumption in Denmark, including the share of biofuels   
PJ 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

P
ro

d
u
c
ti
o

n
 Gasoline 92 87 84 91 89 81 91 82 91 88 91 

Diesel 71 59 61 60 71 66 75 94 96 100 108 

Biofuelsa 5 5 4 5 4 6 6 8 7 7 8 

Jetfuel  17 33 38 34 7 6 6 9 8 7 10 

Biogasb 4 4 4 4 5 6 6 12 16 20 20 
 

C
o

n
s
u
m

p
ti
o

n Gasoline 116 108 104 113 106 101 108 101 106 105 110 

Diesel 131 119 113 104 130 130 160 94 96 100 108 

Biofuels 5 6 10 11 11 12 11 9 9 9 10 

Jetfuel  44 65 67 70 54 43 60 48 45 44 53 

Biogas 4 4 4 4 5 6 6 12 16 20 20 

 

Gton 2009  2010  2011  2012  2013  2014  2015  2016  2017  2018  2019  

P
ro

d
u
c
ti
o

n
 Gasoline 2.1 2.0 1.9 2.1 2.0 1.9 2.1 1.9 2.1 2.0 2.1 

Diesel 1.7 1.4 1.4 1.4 1.7 1.5 1.8 2.2 2.3 2.3 2.5 

Biofuels 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.2 

Jetfuel  0.4 0.8 0.9 0.8 0.2 0.1 0.1 0.2 0.2 0.2 0.2 

Biogas (Tm3) 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.5 0.7 0.9 0.9 
 

C
o

n
s
u
m

p
ti
o

n Gasoline 2.7 2.5 2.4 2.6 2.4 2.3 2.5 2.3 2.4 2.4 2.5 

Diesel 3.1 2.8 2.6 2.4 3.0 3.0 3.7 2.2 2.3 2.3 2.5 

Biofuels 0.1 0.2 0.3 0.3 0.3 0.3 0.3 0.2 0.2 0.2 0.3 

Jetfuel  1.0 1.5 1.5 1.6 1.2 1.0 1.4 1.1 1.0 1.0 1.2 

Biogas (Tm3) 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.5 0.7 0.9 0.9 
aBiofuels comprise bioethanol, biodiesel and biooil. bBiogas is only to a very limited degree used as 
transport fuel. Data from https://www.dst.dk/en    

5.6.  Coprocessing at oil refineries  

There are two fossil oil refineries in Denmark. The Shell refinery in Fredericia that has a production 
capacity of up to,4 million tonnes crude oile per year, and the Equinor refinery in Kalundborg that has a 
production capacity of up to 5.5 million tonnes. Non of these refineries have to ou r knowledge done trails 
with co -processing. 

5.7.  Conclusions 

Despite a leading position internationally on research and development within biofuels, there have not 
been political incentives strong enough for a Danish industry to develop, with the exception of a small 
but stable production of biodiesel and a signific ant increase of biogas production capacity.  

Sources 

Funding organizations at national level related to environment or energy  
 
Danish Energy Agency - Energy Technology Development and Demonstration Program 
(https://ens.dk/en/our -responsibilities/research -development/eudp ) 
 

https://www.dst.dk/en
https://ens.dk/en/our-responsibilities/research-development/eudp
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Ministry of Environment and Food - The Danish Eco-Innovation Program 
(https://eng.ecoinnovation.dk/the -danish-eco-innovation -program/ ) 
 
Innovationsfonden ð a range of different programs  
(ht tps://innovationsfonden.dk/en/programmes ) 
 
IEA Bioenergy- Country reports, 2018. Denmark ð 2018 update Bioenergy policies and status of 
implementati on. 
 
Norden, 2016. Sustainable jet fuel for aviation: Nordic perspectives on the use of advanced sustainable 
jet fuel for aviation.  Available at:  
https://books.google.ca/books?id=aV83DQAAQBAJ&printsec=frontcover#v=onepage&q&f=false  
 
Global Renewable Energy- Denmark 
https://www.iea.org/policiesand measures/renewableenergy/?country=Denmark&country=Denmark  
 
Steeper Energy: https://steeperenergy.com/2017/12/15/steeper -energy-announces-eur-50-6-m-dkk-
377-m-advanced-biofuel -project -with -norwegian-swedish-joint -venture-silva-green-fuel -in-licensing-
deal/   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

https://eng.ecoinnovation.dk/the-danish-eco-innovation-program/
https://innovationsfonden.dk/en/programmes
https://www.ieabioenergy.com/wp-content/uploads/2018/10/CountryReport2018_Denmark_final.pdf
https://www.ieabioenergy.com/wp-content/uploads/2018/10/CountryReport2018_Denmark_final.pdf
https://books.google.ca/books?id=aV83DQAAQBAJ&printsec=frontcover#v=onepage&q&f=false
https://www.iea.org/policiesandmeasures/renewableenergy/?country=Denmark&country=Denmark
https://steeperenergy.com/2017/12/15/steeper-energy-announces-eur-50-6-m-dkk-377-m-advanced-biofuel-project-with-norwegian-swedish-joint-venture-silva-green-fuel-in-licensing-deal/
https://steeperenergy.com/2017/12/15/steeper-energy-announces-eur-50-6-m-dkk-377-m-advanced-biofuel-project-with-norwegian-swedish-joint-venture-silva-green-fuel-in-licensing-deal/
https://steeperenergy.com/2017/12/15/steeper-energy-announces-eur-50-6-m-dkk-377-m-advanced-biofuel-project-with-norwegian-swedish-joint-venture-silva-green-fuel-in-licensing-deal/
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6.  European Union  

Adrian OõConnell, Nicolae Scarlat 
European Commission Joint Research Centre 
Directorate C - Energy, Transport and Climate 
Energy Efficiency and Renewables - Unit C.2 
 

Summary 
¶ The EU is the third largest producer of biofuels in the world. In 2017, North Ame rica, South & 

Central America and the EU had world shares of 45.5%, 26.9% and 15%, respectively.  
 

¶ In 2019, EU production of FAME biodiesel, HVO/HEFA fuels and conventional and cellulosic ethanol 
were ~ 10.3 million tonnes (11.6 billion liters), ~ 2.2 mill ion tonnes (2.8 billion liters), ~ 4.3 million 
tonnes (5.4 billion liters) and ~ 0.008 million tonnes (0.01 billion liters), respectively. Most 
production is òstand-aloneó, but interest in co-processing in oil refineries is growing.  

 

¶ At time of writing, an d due to a fall in consumption from Covid -19 lockdowns, most recent 
estimates indicate a likely fall in EU ethanol use of ~ 10% and a similar fall in the use of FAME and 
HVO-type fuels of ~ 6% in 2020, compared to 2019 levels.  

 

¶ The policy mechanisms stimulating increased production and use of biofuels within EU Member 
States are the EUõs Energy Directive (RED, 2009/28/EC) and Fuel Quality Directive ( 2009/30/EC).  

 

¶ In December 2018, the REDII recast 2018/2001 was published. In REDII, the overall EU target for 
Renewable Energy Sources consumption has been raised to 32% by 2030, up from 20% by 2020 
previously.  The transport sub-target requires Member Statesõ fuel suppliers to supply a minimum 
of 14% renewable energy in the energy consumed in road and rail transport by 2030.  

 

¶ Within the 14% transport sub-target, there is a dedicated target for advanced biofuels.  The 
advanced biofuels must supply a minimum of 0.2% of transport energy by 2022, 1% by 2025, and at 
least 3.5% by 2030.  

 

¶ Fuels used in aviation and maritime sectors can opt in to contribute to the RED IIõs 14% transport 
target but are not obligated. The contribution of non -food feedstock -based renewable fuels to 
these sectors will count 1.2 times their energy content.  

 

¶ Later, in 2021, the European Commission is to publish two significant delegated acts describing 
methodologies to a) track t he bio-component in co -processed biofuels and b) to calculate the GHGi 
of renewable fuels of non -biological origin (e.g. electrofuels) & recycled carbon fuels.  

 
 
 
 
 
 
 
 
 
 
 

https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:32009L0028
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32009L0030
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018L2001&from=EN
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6.1.  Introduction  

The EU is the third largest producer of biofuels in the world. In 2017 , North America, South & Central 
America and EU had world shares of 45.5%, 26.9% and 15%, respectively. The EUõs biofuels production in 
2018 was approximately 16.8 million tonnes (19.8 billion liters). The main biofuels being produced are 
FAME biodiesel, renewable diesel produced by HVO/HEFA pathways, as well ethanol and a small but 
growing amount of biomethane in some countries (e.g., Germany and Sweden).  
 
As shown in Figure 6.1, the production of FAME biodiesel, HVO/HEFA renewable diesel and conventional 
(first generation) and cellulosic (second generation) ethanol were estimated to be 10.3 million tonnes 
(11.6 billi on liters), 2.2 million tonnes (2.8 billion liters), 4.3 million tonnes (5.4 billion liters) and 0.008 
million tonnes (0.01 billion liters), respectively. FAME biodiesel has the highest share of biofuels 
production in the EU (61%) due to the strong demand in EU Member States to meet blending mandates. 
Figure 6.2 shows the FAME & HVO feedstock shares in the EU in 2018. 

 
Figure 6.1. Production of biofuels in the EU (tonnes) 2018 (USDA, 2019)26 

 

 
Figure 6.2. Estimated 2018 FAME & HVO feedstock shares in the EU (USDA, 2019)  

 
On a volumetric basis, the biofuel consumption in the EU in the road transport sector in 2019 was 8.5 vol% 
(FAME + HVO) of the total road diesel used, and 5.6% bioethanol in gasoline (USDA, 2020). Aviation fuel 
use was just under 70 billion litres in the same year, but biofuel (indeed any sustainable aviation fuel) 
use remains minimal in this sector (EASA, 2020). In addition, in 2019 it was reported a relatively minor 
amount of biogas was used in road transport in the EU; amounting to approximately 1.7% of all bioenergy 
supplied for road transport in the EU in 2017 (EEA, 2019).  

 
26 The data in Figures 1 and 2 are taken from the 2018 USDA Gain Report on biofuel production (USDA, 2019). While 
giving a good indication of the production status of the EU biofuels industry, it includes information - most notably 
for biodiesel feedstocks - not often publicised by industry.  
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Estimating the import volumes of the feedstock shares noted previously is not straightforward, as there 
are imports of both feedstocks and finished fuels, and import levels can change from year to year 
depending on trade discussions. For biodiesels for example, FEDIOL (the EU vegetable oil and proteinmeal 
industry association) provide an overview on vegetable oil im ports into the EU for òtechnical pruposesó. 
Technical purposes27 includes a wide range of uses such as cosmetics, soaps, detergents, animal feed etc, 
and not only biofuel production. In 2018, FEDIOL indicated over 85% of vegetable oil imports (for all 
technical purposes), or approximately 3.6 million tonnes, consisted of palm oil and palm oil kernel 
fractions (FEDIOL, 2019). 
 
A considerable percentage of FAME biodiesel production can be considered advanced, at least not coming 
from food or feed sources, due  to the significant availability of used cooking oil (UCO) and waste animal 
fats (tallow) in the EU. The absolute figure for usage of non -food or feed feedstocks used to make 
biodiesel remains difficult to estimate, however, as the translation of EU legisl ation into national law 
allows for margins of flexibility resulting in different consideration being given to certain feedstocks, with 
palm fatty acids produced during the refining of palm oil being the most notable example.  
 
Ethanol production, in contra st, remains almost entirely conventional, i.e., from food crops, mainly corn, 
wheat and sugar-based crops (Epure, 2019). The small portion of cellulosic ethanol being produced is also 
from non-food feedstocks such as crop residues, however specifities on p roduction figures for advanced 
(or second generation) ethanol remain difficult to find. It is important to note that due to a fall in 
consumption resulting from Covid -19 lockdowns, most recent estimates indicate a likely fall in EU ethanol 
consumption of ~ 10% and a similar fall in the consumption of FAME and HVO-type fuels in the EU, of ~ 6% 
in 2020 compared to 2019 levels (USDA, 2020). 
 
Figure 6.3 shows share of energy from renewable sources in the transport sector in the EU and its Member 
States in 2017. As shown in Figure 6.3, Sweden, Finland and Austria already met the EUõs 2020 target of 
a minimum of 10% renewable energy in the energy consumed in road and rail transport by 2020 while the 
EUõs share of renewable energy in transport was 7.6% in 2017, as shown in Figure 6.4. 
 

 
Figure 6.3. Share of energy from renewbale sources in transport in the EU (2017, in % of gross final energy 

consumption) 

 

 
27 https://www.fediol.eu /web/technical%20applications/1011306087/list1187970108/f1.html  
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Figure 6.4. Sectoral renewable energy shares (2004-2017) (European Commission, 2019) 

  

 
Figure 6.5. Greenhouse gas emissions (including international aviation, excluding LULUCF28) trend, EU-

27, 1990 ð 2018 (Eurostat, 2020) 

 

 
Figure 6.6. Greenhouse gas emissions, analysis by source sector, EU-27, 1990 and 2018 (Eurostat, 2020) 

 

 
28 LULUCF stands for Land use, land-use change, and forestry 
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As can be seen from the preceding graphs, CO2 emissions compared to 1990 levels in the EU are on the 
decrease. Nonetheless, it can also be seen that emissions from  transport more recently make up 
approximately 25% of the overall emissions from the EU, and highlight how important efforts to reduce 
emissions in this sector are. The policy mechanisms stimulating increased production and use of biofuels 
within EU Member States are the EUõs Renewable Energy Directive (RED, 2009/28/EC) and Fuel Quality 
Directive ( 2009/30/EC), as amended in 2015 (so-called ILUC Directive (EU) 2015/1513). These EU 
directives are binding for all EU Member States and need to be implemented in their respective national 
laws. In November 2016, the European Commission published its ôClean Energy for all Europeansõ 
initiative. As par t of this package, the Commission proposed a recast of the Renewable Energy Directive . 
The RED II was adopted by the Council on 4 December  and was published in December 2018 (RED II, 
2018/2001). 
 
In December 2019, the European Commission presented the ôEuropean Green Dealõ, a new growth strategy 
aiming to transform the EU into a fair and prosperous society, with no net emissions of greenhouse gases 
in 2050 (COM(2019) 640). In order to move to a clean, circular economy and stop climate change, the EU 
Green Deal provides a roadmap with actions to boost the efficient use of resources. It covers all sectors 
of the economy, including transport. Transport accounts for a quarter of the EUõs greenhouse gas 
emissions and it is still growing. In order to achieve climate neutrality, a 90% reduction in transport 
emissions is needed by 2050. Accelerating the shift to sustainable and smart mobility is one of the 
elements of the European Green Deal and the r amp-up of the production and deployment of sustainable 
alternative transport fuels, including advanced biofuels is one of the objectives.  

6.2.  Policies driving the production and use of biofuels in the EU  

6.2.1.  RED II 

In RED II, the overall EU target for Renewable Energy Sources consumption has been raised to 32% by 
2030, up from 20% by 2020 previously. A transport sub-target has been introduced in the final agreement. 
This requires Member Statesõ fuel suppliers to supply a minimum of 14% renewable energy in the energy 
consumed in road and rail transport by 2030. The target set for transport includes a dedicated target for 
advanced biofuels (Part A of Annex IX) of minimum 0.2% by 2022, 1% by 2025, and at least 3.5% by 2030. 
Each Member State will define and design its detailed trajectory to reach these targets in their respective 
Integrated National Energy and Climate Plans following the guidelines set out in the Energy Union 
Governance Regulation.  
 
Figure 6.7 shows the governance of 2030 energy and climate goals.  
 

 
Figure 6.7. Governance of 2030 energy and climate goals (European Commission, 2019) 

https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:32009L0028
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32009L0030
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32015L1513
https://ec.europa.eu/energy/en/topics/energy-strategy-and-energy-union/clean-energy-all-europeans
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52016PC0767R%2801%29
http://data.consilium.europa.eu/doc/document/PE-48-2018-INIT/en/pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32018L2001
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32018L2001
https://ec.europa.eu/energy/en/topics/energy-strategy-and-energy-union/governance-energy-union
https://ec.europa.eu/energy/en/topics/energy-strategy-and-energy-union/governance-energy-union
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6.2.2.  Sustainability criteria in RED II  

The RED II includes reinforced sustainability and greenhouse gas (GHG) emission criteria for bioenergy to 
cover biofuels but also solid and gaseous biomass fuels for heat and power to ensure that a) delivers high 
greenhouse gas (GHG) savings compared to fossil fuels; b) does not cause deforestation or degradation of 
habitats or loss of biodiversity; c) ensures high conversion efficiency into energy, promoting efficient use 
of limited resources and avoid unintended impacts on  other (competitive) uses. Biofuels must comply 
with sustainability and greenhouse gas (GHG) emission criteria to count towards the 14% target and to be 
eligible for financial support by public authorities. RED II also introduces specific rules for biofuel s, 
bioliquids and biomass fuels produced from food and feed crops to reduce the potential negative indirect 
land-use change impact. 
 
The RED II provides typical and default GHG emission values and calculation rules in Annex V (for liquid 
biofuels) and Annex VI (for solid and gaseous biomass for power and heat production). The Commission 
can revise and update the default values when technological developments make it necessary. Producers 
have the option to either use default GHG intensity values provided in RED II or to calculate their own 
actual values for their production pathways. Table 6.1 lists the GHG emission saving threshold in RED II.  
 
Table 6.1.Greenhouse gas emissions savings thresholds in RED II 

Plant operation start date Transport 
biofuels 

Transport renewable fuels of 
non-biological origin  

Electricity, heating 
and cooling 

Before October 2015 50% - - 

After October 2015  60% - - 

After January 2021 65% 70% 70% 

After January 2026 65% 70% 80% 

 
Biofuels, bioliquids and biomass fuels from agricultural biomass must not be produced from raw materials 
originating from specific land categories, from land with a high biodiversity value, land with high -carbon 
stock and land that was peatland in January 2008, as summarized Table 6.2. 
 
Table 6.2. . Land categories excluded from the production of biofuel feedstocks in RED II  

High biodiversity land : primary forests and other wooded land; highly biodiverse forest and other 
wooded land; areas designated for nature protection or for the protection of rare and endangered 
ecosystems or species; and highly biodiverse grasslands 

High-carbon stock land : wetlands, continuously f orested land or other forested areas with trees 
higher than five meters and canopy cover between 10% and 30% 

Peatland   

 
The EU sustainability criteria are extended to cover solid and gaseous biomass fuels  used in production 
plants above a minimum size, e ither a total rated thermal input above 20 MW for installations producing 
power, heating, cooling or fuels from solid biomass fuels, or a total rated thermal input capacity equal 
to or exceeding 2 MW for installations using gaseous biomass fuels.   
 
The RED II also introduces new sustainability criteria for forest biomass (biofuels, bioliquids and biomass 
fuels produced from forest biomass). Harvesting must be legally permitted, the harvesting level must not 
exceed the growth rate of the forest, and forest regeneration must take place. In addition, in order to 
minimise the risk of using forest biomass derived from unsustainable production, biofuels and bioenergy 
from forest materials must comply with requirements which mirror the principles contained in the EU 
Land Use, Land Use Change and Forestry (LULUCF) Regulation. The changes in carbon stock associated 
with biomass harvest must be accounted towards the country's commitment to reduce or limit greenhouse 
gas emissions and that the LULUCF-sector emissions do not exceed removals. These òforestryó criteria 
apply either at the country level or the forest sourcing area level; the Commission will define 
implementation guidelines by end of January 2021.  
 



European Union 

IEA Bioenergy Task 39 - Implementation Agendas: 2019 -2021 Triennium Update  162 

Bioenergy/biofuels generators are responsible for demonstrat ing compliance with EU sustainability 
criteria. Sustainability compliance will be verified through national certification schemes or voluntary 
schemes (VS). The updated certification rules will be posted after 2020 and market surveillance (both for 
Voluntary Schemes and Certification Bodies) and promotion of mutual recognition are reinforced.   
 
 
Figure 6.8 shows a summary of the sustainability criteria in RED II (2021 -2030).  
 

 
Figure 6.8. the sustainability criteria in RED II (2021-2030) (European Commission, 2019) 

6.2.3.  Advanced biofuels  

Within the 14% transport sub-target, RED II set a dedicated target for advanced biofuels produced from 
feedstocks listed in Part A of Annex IX (see Table 6.3). These advanced biofuels must supply a minimum 
of 0.2% of transport energy by 2022, 1% by 2025, and at least 3.5% by 2030.  
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Table 6.3. Feedstocks for the production of biogas for transport and advanced biofuels in RED II  

 

6.2.4.  Novel transport fuels in the EU policy  

Non-bio but so-called ònoveló transport fuels, such as electrofuels, are included in EU legislation. 
Renewable liquid and gaseous transport fuel of non -biological origin (RFNBOs) and carbon capture and 
utilization fuels (CCUFs) for transport appeared in EU legislation back in 2015, in the aforementioned 
ILUC Directive (Directive 2015/1513). That Directive, which amended both the RED and the FQD, defines 
renewable liquid and gaseous transport fuels of non -biological origin as ôliquid or gaseous fuels other than 
biofuels whose energy content comes from renewable energy sources other  than biomass, and which are 
used in transportõ. RFNBOs and CCUFs, if the energy source is renewable, count double towards the 10% 
transport target by 2020 as they are part of Annex IX -Part A of the amended RED. 
 

Part A (i.e. òadvanced biofuelsó) Part B 

Algae, if cultivated on land, either in ponds or 
photobioreactors  

Biomass fraction of MSW from unsorted household waste  

Bio-wastes separately collected from households  

Biomass fraction of agro-industrial waste not fit for food or 
feed 

Straw 

Animal manure 

Sewage sludge  

Palm oil mill effluent and empty palm fruit bunches  

Tall oil pitch  

Crude glycerine 

Bagasse 

Grape marcs and wine lees 

Nut shells  

Husks  

Corn cobs (cleared of corn kernels)  

Waste and residues from forestry and forest products 
industries: bark, branches, pre -commercial thinnings, 
leaves, needles, tree tops, saw dust, cutter shavings, black 
liquor, brown liquor, fibre sludge, lignin, and tall oil  

Other non-food cellulosic material, including for instance 
perennial grasses, but also non-starchy cover crops before 
and after main crops as well as ley crops. This  category also 
includes industrial residues after the extraction of 
vegetable oils, sugars, starches and proteins.  

Other ligno -cellulosic materials, including for instance 
woody short rotation crops, pulp logs and other forest -
based biomass, but excluding veneer logs and saw logs. 

Used cooking oil  

Animal fats with high risk for human 
health (Category 1) and animal fats 
suitable for soil enhancement and 
chemical industry (Category 2)  
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RED II requires Member States (MS) oblige fuel suppliers achieve a minimum target of 14% renewable 
energy consumption in transport. According to its Art. 25, for the calculation of the minimum share in 
transport, Member States:  

(a) shall take into account RFNBOs also when they are used as intermediate products for the 
production of conventional fuels; and  

(b) may take into account RCFs. 
Furthermore, the RED II empowers the Commission to adopt two Delegated Acts: i) specifying the 
methodology for assessing GHG emission savings from RFNBOs and RCFs, and ii) the minimum thresholds 
for RCFs; these are under development at time of writing.  

6.2.5.  Caps and multipliers in RED II  

The maximum contribution of biofuels produced from food and feed crops will be capped at 2020 
consumption levels plus an additiona l 1%, with a maximum cap of 7% for road and rail transport fuels in 
each Member State. In comparison to the share of renewable energy used in road and rail transport in 
2018 of 8.0% (with multiplicators) and 6.5% (without multiplicators), the EU average of  biofuels from food 
and feed crops was just 4.1% in 2018 (Eurostat, energy from renewable sources). According to the RED II, 
the share of biofuels produced from food and feed crops, shall be no more than one percentage point 
higher than the share of such f uels reached in 2020 in that Member State. If the total share of conventional 
biofuels in any Member State is less than 1% by 2020, their share can be increased to maximum 2 % of the 
final consumption of energy in the road and rail transport sectors. Furth ermore, if the cap on food and 
feed crops in a Member State is less than 7%, that country may reduce its transport target by the same 
amount (for example, a country with a food and feed crop cap of 5% could set its transport target by 2% 
below the 14% transport target to as low as 12%). òIntermediate cropsó such as catch & cover crops are 
exempt from the cap. Figure 6.9 shows the gradual reduction of conve ntional biofuels use and phase-out 
of high ILUC risk biofuels in RED II.  
 

 
Figure 6.9. Gradual reduction of conventional biofuels use and phase -out of high ILUC risk biofuels 

(European Commission, 2019) 

 
Biofuels and bioenergy produced from wastes and residues listed in Annex IX (please see Table 6.4) only 
need comply with the GHG minimum emission threshold sustainability criterion. Advanced biofuels listed 
in Part A of Annex IX will be double -counted towards both the 3.5% target and the 14% target. Biofuels 
produced from feedstocks listed in Part B o f Annex IX will be capped at 1.7% in 2030 and will also be 
double counted towards the 14% target.  
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Table 6.4. Implementation of RED II provisions towards 2030 

The Commission will review the overall 32% target by 2023, as well as the 14% sub-target for transport, 
and could propose to increase, but not decrease the targets.  

The Commission must review the feedstocks included in Annex IX every two years and may ad d 
feedstocks to the list, but cannot remove any.  

The Commission must set out criteria by February 2019 to define both òhigh indirect land-use change-
risk (ILUC)ó and ôlow indirect land-use change-riskõ feedstocks. These findings will be reviewed by 
2023. 

The Commission must set a GHG reduction threshold for recycled carbon fuels by January 2021, and 
by December 2021 must specify the methodology for GHG accounting for these fuels and for renewable 
fuels of non -biological origin.  

By January 2021, the Commission must define the operational guidance required to demonstrate 
compliance with the sustainable forest management criteria and the LULUCF requirements.  

In 2026, the Commission must propose a regulatory framework for the promotion of renewable energy 
for the post -2030 period.  

 
Fuels produced from feedstocks with òhigh ILUC-riskó will be limited by a more restrictive cap at the 2019 
consumption level, and will then be phased out by 2030 unless specific batches are certified as òlow ILUC-
risk.ó Feedstocks with òlow ILUC-riskó include those that are produced on land not previously used for 
crop production.  
Renewable electricity will count 4 times its energy content towards the 14% renewable energy in transport 
target when used in road vehicles, and 1.5 ti mes when used in rail transport. The renewable electricity 
used in road vehicles and rail can be calculated on the basis of either the average share of renewable 
electricity in the EU or in the Member State where the electricity is supplied. The Commission  will also 
develop a framework to guarantee that the renewable electricity used in transport is in addition to the 
baseline of renewable electricity generation in each Member State. Fuels used in aviation and maritime 
sectors can opt in to contribute to th e RED IIõs 14% transport target but are not obligated. The contribution 
of non-food feedstock -based renewable fuels to these sectors will count 1.2 times their energy content.   

6.2.6.  Flexibility  in the implementation of RED II in member states  

RED II grants individual EU Member States (MS) more flexibility compared to the original RED when 
translating this EU Directive into their national legislation, as summarized in Table 6.5.  
 
Table 6.5. Flexibility clauses foreseen in the RED II with respect to the implementation of the Directive 
by EU Member States 

EU MS can exempt or distinguish between different fuel suppliers and energy carriers when defining 
their trajectory to achieve the 14% minim um sub-target for the transport sector.  

EU MS are free to choose the most suitable form of support for renewables in transport, for example 
volume mandates, energy mandates or GHG emission savings targets. 

EU MS can distinguish between different types of  conventional biofuels and set different limits for 
each category (for example, setting a lower cap on oil seed crops than other types of food and feed 
crops). 

EU MS can set lower limits on food and feed-based biofuels than prescribed in the RED II and may also 
reduce the 14% renewable energy in transport target by the same.   

EU MS can set a different cap for biofuels produced by feedstocks in Part B of Annex I X if justified by 
the local availability of such feedstocks, and can define additional sustainability criteria for bioenergy 
but not for biofuels.  

6.2.7.  Translation and implementation  of RED II 

EU Member States (MS) must translate RED II provisions into their respective national legislation by June 
2021, with several technicalities and revision clauses being defined via delegated and implementing acts. 
Regarding possible non-compliance; under the first RED, MS have to set a obligation on fuel suppliers to 
ensure that the share of renewable energy within the final consumption of energy in the transport sector 
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is at least 14 % by 2030. If MS do not achieve the RES target in transport, the Commission may launch an 
infringement procedure and bring the matter to the European Court of Justice. Under RED II, the situation 
is slightly different as the requirement for MS is mainly to implement a framework for promoting 
renewables in transport (that thus allows them to achieve the target) by introducing a supply obligation  
rather than achieving  the target.  

6.3.  Advances and challenges in biofuels technologies  

Consistent with EUõs regulatory framework, technological and market research in Europe are largely 
focussed on ôadvancedõ biofuels from non-food or feed feedstocks. Techno logical advances are sought in 
process technologies for converting feedstocks having no or low -ILUC impacts. The RED II is also quite 
demanding on biofuel producers to achieve high minimum GHG emission reduction thresholds towards 
2030 compared to the baseline. The advanced biofuel industry in the EU is focussed on three broad 
categories of feedstocks: ligno -cellulosic residues from agriculture and forestry; animal manures and the 
biogenic fraction of wastes and residues like municipal solid wastes; and bio mass types not competing 
with production of food and feed, such as grass feedstocks, perennial and cover crops, and algae.  
 
Two imperatives for the EUõs biofuels industry are access to sustainable feedstocks in sufficient volumes 
and conversion processes able to perform well and at scale on such feedstocks. Three categories of 
conversion technologies are relevant to achieving the RED IIõs mandatory targets: biochemical, 
thermochemical, and oleochemical production routes. Oleochemical is the most proven and  the use of 
waste and residues as feedstocks is expanding, and expected to continue to do so as a result of regulation. 
Each of these broad conversion categories includes a number of sub-technologies. The remainder of this 
section highlights the main ident ified challenges for each.  

6.3.1.  Biochemical conversion routes  

A lot of research continues in this area (see Figure 6.10), however more and clearer public information 
on performance would be beneficial, particularly regarding cellulosic ethanol production systems. For 
anaerobic digestion (AD) for biogas producti on and further upgrade to biomethane, work continues to 
make production more profitable, in particular while using more challenging feedstocks.   
 
A large part of EU research in this area aims to show or improve the robustness and efficiency of cellulosic 
ethanol production routes, with butanol production also attracting increasing attention. The increasing 
scale (and number) of production plants worldwide indicates some progress and a high degree of 
continued interest in this technological area exists both in the EU and in other world regions. However, 
the environmental and economic performance of the processes remain critical areas for improvement. 
While detailed information on production costs is limited, the low level of deployment and market success 
of these technologies at commercial scale suggests that production costs remain higher than previously 
forecast, likely because of high feedstock and enzyme costs among other factors.  
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Figure 6.10. Biochemical conversion routes 

 
For the anaerobic digestion sector, availability of sustainable feedstocks in sufficient volumes is among 
the key priorities for the EU -based biofuel industry, with specific attention being given to agricultural 
residues and other complex waste streams (e.g., wastewater sludges). Despite certain progress, AD 
processes are not economically viable; further technology improvements are needed to demonstrate 
economic feasibility. Research priorities include work to val orise AD digestate by recovering nutrients to 
co-produce market -ready products, or to embed the AD step as one of the processes in a biorefinery. 
Biogas upgrading to biomethane is a large goal of much new investment in AD. Public awareness about 
the potent ials of AD is still limiting technical efforts in scaling down the technologies, so interesting 
possibilities to enlarge feedstock choices, for example by improving the recovery of waste streams at 
urban and peri -urban levels, remain under exploited.   

6.3.2.  Ther mochemical conversion routes  

This area comprises several sub-technology areas (see Figure 6.11). Overall, research on 
thermochemically -based biomass to liquid (BtL) technologies is attempting to achieve lower operating 
and capital costs to improve economic feasiblity. Again, it would be beneficial to have more and clearer 
information on performance and costs in the public domain. Processes making various t ypes of bio-crudes 
are attempting to take advantage of possible opportunities to co -process their bio -crudes in existing 
petroleum refineries, and some of large oil refiners are engaged in this work. There are no large -scale 
gasification plants in the EU p roducing BtL biofuels today. Improving gasification, syngas cleaning, and 
Fisher-Tropsch (FT) synthesis are all research areas with potential to enhance process efficiencies and in 
turn decrease production costs.  
 
Smaller scales of operation requiring lowe r capital and operational costs to establish and run conversion 
plants have been identified as a promising way forward for process optimization. The energy balance of 
thermochemical production plants would especially benefit from enhanced integration of su b-processes 
to reduce external energy import requirements. Improving biomass handling to enable more flexibility 
towards a broader variety of feedstocks is another important research area. Others include novel clean -
up systems for produced raw syngas that reduce the energy required to purify syngas, and also new 
catalysts that are more tolerant to impurities in syngas. Generally speaking, however, and with the 
exception of the AMBIGO initiative (Ambigo, 2018), this sector is not showing high confidence in t he near-
term possibility to profitably produce synthetic natural gas (SNG) via biomass gasification.  
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Figure 6.11. Thermochemical conversion routes  

 
For fast pyrolysis, there are opportunities to improve processes to maximise bio-oil yields and to use 
catalysts to promote higher selectivity and yield of desirable products. Catalyst improvements also 
provide opportunities for the subsequent upgrading step. Several technical developments are being 
researched in the EU to improve catalytic fast pyrolysis and up -grading via refining processes but these 
are not yet at commercial scale. Reducing hydrogen consumption during hydro -treatment is another 
important technical challenge being researched. Obtainin g pyrolysis liquids from cheaper residual 
resource feedstocks while maintaining product quality that meets bio -liquid specifications is another 
important area of investigation.  
 
Hydrothermal liquefaction (HTL) approaches for wet feedstocks are technologica lly proven at laboratory 
and/or pilot scales and appear promising with additional development for producing bio -crudes that can 
ð as for the previous technologies - be blended with traditional fossil crude for upgrading at existing 
petroleum refineries.  
 
Scaling up production to close -to-market maturity remains a challenge but is critical for ongoing projects, 
such as the one led by Steeper Energy Aps (SEA) in Denmark, to validate process performance at large-
scale and over realistic year -round operation. The potential for more cost -optimised routes that integrate 
HTL processing into other existing production facilities, such as with a paper mill in the case of Licella 
Pty Ltd in Australia, have not yet been explored in the EU.  
 
Some EU operators have attempted to upgrade biocrudes; NesteOil (Neste Oil, 2018) and Repsol (REPSOL, 
2016) who tested co-processing HTL with crude oil at the scale of their production sites, albeit at very 
low blend levels.  

6.3.3.  Oleochemical conversion routes  

For oleochemical routes (see Figure 6.12), the main issue for the EU (and worldwide) biofuel industry is 
the need to find increasing volumes ð and variety ð of sustainable feedstocks, and this is exacerbated by 
the move away from foo d-based feedstocks for biofuels. Unlike other routes discussed in this section, 
FAME and HVO pathways have proven reliable at industrial scale for many years. 
 
In the EU, the need for FAME and HVO routes to be more flexible in terms of input feedstocks is currently 
driving the sectorõs technological development. At an individual production plant level, this translates 
into the need to include more complex pre -treatment units for the process. In parallel to input flexibility, 
HVO plants in particular are req uired to be increasingly flexible with respect to outputs. With a more 
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diversified demand for final products to fuel road and other transport modes, namely aviation and marine, 
the product slate including diesel, kerosene and naphtha from HVO production ne eds to be able to swiftly 
adapt to match dynamic market demand.  
 

 
Figure 6.12. Oleochemical conversion routes  

6.3.4.  Co-processing 

In addition to òstand-aloneó HVO production, a considerable interest is growing in the EU towards co-
processing, where the biomass feedstock is treated together with fossil feedstock in an oil refinery and 
thus transformed into final fuels. Co -feeding pyro lysis oils in petroleum refinery units using existing 
infrastructure and commercial technologies is another promising opportunity being investigated. 
Vegetable oils remain the most common biomass feedstocks, and the most prevalent way currently of co -
processing in the EU is in a hydrotreater (or hydro -desulphurization unit), although there is some fluid 
catalytic cracking (FCC) capacity in the EU and companies have expressed an interest in possibly using 
these units to co -process.  
 
Co-processing bio-crude at existing crude oil refineries can benefit from reduced capital costs and can 
achieve greater economies of scale and efficiencies than stand -alone production would permit. This 
approach would also provide a better opportunity to tailor fuels/products por tfolios according to market 
needs. 
 
Co-processing makes use of existing oil refinery facilities, and produces a bio -and-fossil-fuel blend in 
which the biofuel portion is chemicaly similar to the fossil fraction. This chemical similarity to fossil fuels 
brings with it the challenge of how to accurately quantify or track the volume of bio -component in the 
fuel blend. A number of methods are available to companies wishing to track or estimate their bio -
content. These include energy balancing, where the energy content of the biomass entering co -processing 
is described as a fraction of total energy in all inputs (i.e. biomass and fossil). This òbio-fractionó is shared 
equally across the final fuels produced as a fraction of the energy content in the fuels. A dire ct method 
of measurement is 14C or radiocarbon testing of the co -processed fuel sample. Carbon exists in the 
atmosphere in three distinct types, or isotopes. One isotope known as Carbon 14 or 14C is unstable and 
slightly radioactive, and is present in biof uels but not fossil fuels, due to radioactive decay over time. 
Therefore, detecting the presence of 14C in a co-processed fuel allows the amount of bio -component in 
that fuel to be quantified.  
 
Vegetable oil -type feedstocks, in the EU at least, form the majority of co -processed biofeedstocks. There 
is some co-processing of residues from the paper industry, and bio -oils and bio-crudes made from 
lignocellulosic raw materials such as straw. But thes e tend to pose much more technical challenges 
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(especially the latter) with regard to the co -processing operation and therefore remain both of high 
interest and under development.  

6.3.5.  Broad indicator of funding by technology routes  

Figure 6.13 shows an overview of the number of EU-funded advanced biofuels and biorefineries projects 
through its Horizon 2020 programme and how this funding is distributed across th e different technical 
approaches for projects above 250k EUR in value and that are starting at greater than lab -scale 
Technology Readiness Levels (TRLs). It should be noted that some of the biorefinery projects incorporate 
biofuels within their product sla te. Nonetheless, as this Figure 6.13 shows, the majority of fuel focussed 
projects are in the anaerobic digestion area, followed by fermentation, while t he latter has received the 
largest proportion of funding compared to the other approaches.  
 

 
Figure 6.13. Distribution of EU funded advanced biofuel technologies projects above 250k EUR  

6.4.  Conclusions  

The existing and forthcoming regulatory framework in the EU requires certain areas or aspects within 
each biofuel technology pathway to be further developed. Improvements in these areas will yield the 
greatest benefits towards making these pat hways commercially successful and help reach the EUõs 
established mandatory biofuels targets.  
 
For lignocellulosic pathways, a robust operation demonstrating steady and reliable production will be key 
to help establish commercialization of the technology.  Detailed and verifiable results from an operating 
facility remains a highly sought -after objective; while such data can be commercially sensitive, without 
clarity on remaining technical hurdles there is a risk that future R&D investments may not be target ed as 
efficiently as possible.  
 
For anaerobic digestion, further developments in the successful use of lignocellulosic feedstocks and other 
complex waste streams will help resolve the currently constraining issues of feedstock availability and 
sustainability; improving digestate valorisation and biogas upgrading to biomethane are other key 
elements that will enable this technology to be more widely implemented.  
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For BtL, smaller scale operations and enhanced process integration may help to make these approaches 
more financially appealing. In general, co -processing of bio-crudes and bio-oils in existing refining 
infrastructure is an area of increasing focus, with o bvious economic benefits to be realized by taking 
advantage of existing facilities and technologies, but these advanced feedstocks do bring technological 
challenges. Fine tuning the production systems of such bio -crudes is likely to reap considerable rewar ds, 
especially if the resulting oils can be more easily upgraded. But before co -processing of such advanced 
oils becomes more prevalent, it is likely that a growing volume of co -processing of vegetable oil -type 
feedstocks in oil refineries will be seen to take place, mainly because of feedstock availability and the 
technological maturity of co -processing such feedstocks. For FAME and HVO pathways, an on-going search 
for sustainable feedstocks remains key, although there are benefits to be gained by further improving the 
basic processes themselves.  
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7.   Germany 

Franziska Müller-Langer and Gabriel Costa de Paiva, DBFZ; Nicolaus Dahmen, KIT 
 
 

Summary 
¶ From 2010 until the end of 2014, Germany had an overall biofuel target which mandated the use 

of at least 6,25% biofuel (in energy content) in all transport fuel. During this period, differentiated 
biofuel targets were also in place including at least 2,8%  biofuel in gasoline and 4,4% biofuels in 
diesel.  
 

¶ As the first European Member State, Germany shifted from energetic related quota to a GHG 
related quota starting in January 2015. The GHG reduction targets are 3,5%, 4% and 6% in the fuel 
mix for the enti re fuel sector from 2015, 2017 and 2020 onwards, respectively .  
 

¶ According to Germanyõs Energy Tax Law, there is no tax relief for FAME biodiesel, HVO/HEFA fuels, 
vegetable oils and ethanol. FAME biodiesel, HVO/HEFA fuels and vegetable oils have the same fuel 
tax as diesel fuel (û 0,4104/liter). Ethanol has the same fuel tax as gasoline fuel (û 0,6545/liter). 
The fuel tax for CNG and biomethane is û0,0139/kWh until 2023.  
 

¶ Germany is evaluating specific policies to promote advanced biofuels. There are no spe cific policies 
promoting aviation biofuels.  
 

¶ No financial incentives are available for advanced/new biofuels, making it quite difficult to 
penetrate into the fuel market, even with the GHG quota.  
 

¶ There are various funding programs for R&D&D with emphasis on the use of diversified raw 
materials for various synthetic fuels and fuels components, decentralized -centralized concepts 
along value chains, promoting Germanyõs role as technology developer, and integration of 
renewable fuels based on biomass and electricity into the energy transition.  
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7.1.  Introduction  

In Germany, about 30% of total energy demand (~8.996 PJ in 2018) relates to the transport sector, of 
which just approximately 4% are renewable fuels (BMU 2016; UBA 2020). This share has decreased in the 
past few years, but is still mainly covered by biofuels that are used for road transport. However, the 
share of greenhouse gas (GHG) emissions from transport has slightly decreasedfrom 165 Mt in 1990 to 
about 164 in 2018 (163,6 Mt) . The transport secotor contributes about 19,7% to the total GHG inventoy 
in in Germany. For comparison, the transport share in the country GHG emissions inventory was 13,5% in 
1990 (BMWi 2019, 2015). In the light o f the Paris agreement, CO2-eq emission reduction of the transport 
sector is now a high priority in Germany. According to the German climate protection plan, the GHG 
reduction target for transport is 40  to 42% until 2030 (compared to 1990) (BMU 2016). Over the same time 
period, an increase in freight transport of about 38% and in personal transport of about 13% is forecasted 
by 2030 (compared to 2010) (BMVI 2020). This has to be accompanied by the given challenges in fulfilling 
emissions standards in the context of energy and transport mode.  
 
In this light and pushed by debates (e.g., on bans for combustion engines as result of the òdiesel scandaló) 
in Germany, there are ongoing serious discussions about making a paradigm change to establish renewable 
based electro mobility and renewable fuels like hydrogen and power based synfuels  (so-called power -to-
X (PtX) fuels, e.g, power -to-gaseous fuels (PtG) or power-to-liquid fuels (PtL)) in addition to or instead 
of biofuels. Especially for transport sectors like aviation, heavy duty road transport and cargo shipping, 
there are enormous challenges to implemente powertrains driven by electrical energy; electrical power 
is not an option or only to a minor extent for these transport sectors (Müller-Langer et al. 2016) . 

7.2.  Main drivers for biofuels policy  

Following the Paris Agreement, the primary driver is to fight climate change by focusing on low -carbon 
technologies, CO2 use and efficient renewable products from biomass and electricity. GHG savings are 
the primary driver for implementing German biofuel policies, and for that reason, Germany will be subject 
to Article 17 of the European Renewable Energy Directive (RED) 2009/28/EC òPromotion of the Use of 
Energy from Renewable Sourcesó that states that GHG savings from biofuels, compared to fossil fuels, 
must exceed 35% as of 2009, 50% as of 2017, and 60% as of 2018 (if the production line started in or after 
2017) (European Parliament 2009a).  

7.3.  Biofuels policy  

The main instruments for decarbonizing the transport sector in the EU along the whole value chain (or 
well -to-wheel, WTW, or well -to-tank, WTT) are: (i)  related to the fuel side, a target of 10% sustainable 
renewables in transporta tion according to the renewable energy directive (RED, Directive 2009/28/EC) 
and 6% GHG emission reduction from road fuel suppliers by 2020 according to the fuel quality directive 
(Directive 2009/30/EC) (European Parliament 2009b); and (ii)  related to the vehicle side (or tank -to-
wheel, TTW), CO2 emission standards for cars and vans and legislation for a broad market introduction of 
clean and energy-efficient vehicles  (Regulation (EC) No 443/2009; Regulation (EU) No 333/2014; 
Regulation (EU) No 510/2011; Regulation (EU) No 253/2014) (European Parliament 2014c, 2014d, 2011, 
2009c); or (iii)  related to, e.g., the aviation side (or tank -to-wake, TTW), with targets for biofuels and 
low carbon fuels. However, in the current policies, there is no direct link or harmonization between WTT 
and TTW emissions; the first considers GHG emissions (i.e., including all CO2 equivalents such as methane 
and nitrous oxide), whereas the latter considers just CO 2 emissions related to fuel combustion for driving 
vehicles. 
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Figure 7.1. Climate protection plan of German Federal Government (©DBFZ, 2019)  

 
Moreover, with the Directive on the deployment of alternative fuels infrastructure (European Parliament 
2014b), member states are required to develop national policy frameworks for market development of 
alternative fuels (mainly electricity, CNG, LNG and hydrogen) with regard to infrastructure requirements. 
In addition, the Energy Taxation Directive (ETD) is bindi ng and sets minimal taxation rates for energy 
carriers.  
 
For the WTT-related part, RED and FQD have been implemented at the EU Member State (MS) level. Up 
to now, member states differ significantly in setting policy instruments and measures. Most of them have 
shifted away from financial instruments towards quota systems for fuel suppliers.  
 
For the time frame post -2020, only general, not sectoral related, binding targets until 2030 are set which 
are: (i)  about 40% GHG emission reduction compared to 1990; (ii)  27% share of renewable energies related 
to energy consumption at EU level; and (iii)  27% improvement in energy efficiency (COM(2014) 15) 
(European Parliament 2014a). 
 
In 2016, the EU set an overall frame with its European strategy for low -emission mobility   (COM(2016) 
501)(European Parliament 2016). More recently, the EU approved a revised Renewable Energy Directive 
(RED II) which includes a biomass and biofuel sustainability policy that addresses also quotas for advanced 
biofuels and criteria for electricity -based heating and cooling. RED II includes for instance targets such as 
14% renewable energies in transport by 2030, limits for conventional biofuels, and minimum shares for 
advanced biofuels.  
 
Starting in 2015 and until 2020, the GHG quota is the binding regulation for promotion of biofuels i n 
Germany, making the EU FQD (fuel quality directive) leading instead of the original RED.  
 
In Germany, the European directives and regulations are implemented adequately by §37  BImSchG 
(Federal Immission Protection Act) including BiokraftNachV (related to  original RED) and 36. BImSchV 
(related to FQD) and the EnergieStG (related to ETD). In 2014, the Federal Ministry for the Environment, 
Nature Conservation, Building and Nuclear Safety published the draft of the twelfth law amending the 
BImSchG, which includes a change in GHG reduction targets (3,5% from 2015 / 4% from 2017/ 6% from 
2020). In addition, it contains numerous enabling provisions which will simplify the implementation of 
future European law into national law.  
 
As the first and probably only Eur opean member state to do so, Germany shifted from an energy - related 
quota to a GHG-related quota starting in January 2015, making the FQD the leading policy instead of the 
original RED. This means that fossil fuel supplier companies will be obligated to s ell their respective 
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biofuel or renewable fuel with its fossil counterpart gasoline or diesel (which is usually done through 
blending), in order to produce a fuel mixture which achieves a 3,5%/4%/6% GHG mitigation (compared to 
fossil gasoline and diesel mix) for the entire fuel sector from 2015/2017/2020 onwards. The target 
continues after 2020 at a fixed level of 6%. Biofuels are currently the only way to fulfill the target, 
however other policy instruments are anticipated to follow. Because only actual em ission savings count 
towards the quota (i.e., double counting is not allowed; GHG emissions of biofuels must be calculated on 
a life cycle basis according to the GHG methodology described in RED/FQD), the exact increase in biofuels 
depends on its specific GHG intensity: the higher the specific GHG mitigation potential, the lower the 
renewable fuel consumption required to fulfill the quota.  
 
The quota target has to be achieved by companies placing fossil fuels on the market over the calendar 
year (i.e., with  possible variations throughout the year and in different regions). Additional GHG quota 
shares above the annual target may be used to meet the following yearõs target. Moreover, obligated 
entities can delegate their quota requirements to a third party thr ough bilateral contracts. In the case of 
non-fulfillment of obligations, penalties of about 47  EUR ct/kg CO2 equivalent as well as 19  EUR/GJ are 
binding.  

7.3.1.  Biofuel s obligations  

From 2010 until the end of 2014, Germany had an overall biofuel target which mand ated the use of at 
least 6,25% biofuel (in energy content) in all transport fuel. During this period, differentiated biofuel 
targets were also in place including at least 2,8% biofuel in gasoline and 4,4% biofuel in diesel, introduced 
by BlmSchG §37a.  
 
Mandates or biofuel volume obligations have been shifted from an energy related quota to a GHG -based 
quota in 2015. Germany is the first EU member state to implement a GHG related quota: from 2015, 3,5% 
GHG mitigation; from 2017, 4%; and from 2020 onwards, 6 % ( GHG mitigation compared to fossil gasoline 
and diesel mix) for the entire fuel sector.  
 
The 38. BImSchV legislation regulates limits on the maximum energetic share of conventional biofuels 
such as FAME biodiesel, ethanol, and HVO/HEFA fuels produced from food-competing feedstocks as well 
as establishes mandates for advanced fuels according to EU RED.  
 
The carbon intensities of biofuels are considered indirectly via the national application of the binding 
methodology of EU RED within the BioKraftNachV, with minimum GHG reduction potentials of 35% and 
50% for all facilities from 2018, and for new facilities from 10/2015, and 60% for new facilities from 2017 
(the average GHG mitigation potential in 2016 was about 73%). In addition, a carbon tax is indirect ly 
applied via CO2 tax for passenger cars (KraftStG).  
 
Germany is evaluating specific policies to promote advanced biofuels. There are no specific policies 
promoting aviation biofuels (however they can qualify for incentives). There are no financial incentives 
for advanced/new biofuels, making it quite difficult for new biofuels to penetrate into the fuel market, 
even with the GHG quota; an appropriate advanced fuel quota will be probably established that will help 
contribute to the commerci al implementation of such fuels.  
 
The Federal government has authorized the òBundesanstalt f¿r Landwirtschaft und Ernªhrungó (BLE - 
Federal Institute of Agriculture and Nutrition) to guide and supervise biofuels certification. The BLE is 
responsible for controlling the sustainability certification systems to be used, in accordance with RED 
certification bodies and the web -based documentation system called òNabisyó. Figure 7.2 summarizes 
the tragets and policy measures for the transport sector in Germany.  
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Figure 7.2. Targets and policy measures (GHG quote) for the transport sector in Germany (© DBFZ) 

7.3.2.  Excise duty reductions  

According to the German Energy Tax Law, since 2018 there is no tax relief for FAME biodiesel, HVO/HEFA 
fuels, vegetable oils or ethanol. FAME biodiesel, HVO/HEFA fuels and vegetable oils have the  same fuel 
tax as diesel fuel (û 0,4104/liter). Ethanol has the same fuel tax as gasoline fuel (û 0,6545/liter). The 
fuel tax for CNG and biomethane is û 0,0139/kWh until 2023, increasing progressively until û 0,0318/kWh 
in 2027. Only biofuels used for agr iculture or forestry remain fully tax exempted. In addition, carbon 
taxes are indirectly applied via a CO 2 tax on passenger cars. In Germany, a toll is payable for the use of 
federal highways for motor vehicles whose total weight is at least 7,5 tons. This toll is not payable when 
using vehicles powered by natural gas in the period from 1.1.2019 to 12.31.2020.  After this period, the 
vehicles will pay toll composed of infrastructure costs (0,08 to 0,174 EUR/km), air pollution (0,011 to 
0,085 EUR/km) and noise pollution (0,002 EUR/km) (BMJV 2019; Naumann et al. 2019) . 

7.3.3.  Fiscal incentives  

Currently, there is no fiscal incentives for biofuels in Germany.  

7.3.4.  Investment subsidies  

Not relevant for biofuels but for electro mobility, there is a financial support, which in June 2020 was 
increased to up to 9 .000 EUR for plug-in battery electric vehicles (BEVs), up to 6.750 EUR to PlugIn -Hybrid 
vehicles (PHEVs), and for loading stations up to 4.500 EUR (and for some municipalities up to 6.000  EUR) 
(BAFA 2020a, 2020b). The list of cars supported can be found in the list of the Federal Office of Economics 
and Export Control  (Bundesamt für Witschaft und Ausfuhrkontrolle), and the municipalities benefits in 
the list of the General German Automobile Club (Allgemeiner Deutscher Automobil -Club e.V.).  

7.4.  Promotion of advanced biofuels  

In Germany, the term òadvanced biofuelsó follows the definition according to the EU RED. Following this, 
there are recognizable projects on adva nced transport biofuels at different technology readiness levels 
(TRL) and fuel readiness levels (FRL). Existing commercial biodiesel (FAME), ethanol and biomethane 
plants principally can be used also to produce advanced biofuels based on residues or òwasteó feedstocks 
as defined in the EU RED. Capacities for lignocellulosic fuels remain quite low, however. This is also true 

https://www.bafa.de/SharedDocs/Downloads/DE/Energie/emob_liste_foerderfaehige_fahrzeuge.pdf?__blob=publicationFile&v=115
https://www.bafa.de/SharedDocs/Downloads/DE/Energie/emob_liste_foerderfaehige_fahrzeuge.pdf?__blob=publicationFile&v=115
https://www.adac.de/rund-ums-fahrzeug/elektromobilitaet/kaufen/foerderung-elektroautos/
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for electricity -based fuels such as PtX fuels (e.g., hydrogen, synthetic natural gas or liquid hydrocarbon 
fuels).  
 
There were and are different funding programs for R&D&D with different emphases (e.g., use of 
diversified raw materials, decentralized -centralized concepts along value chains, promoting Germanyõs 
role as a technology developer, and integration of renewable fuels based on b iomass and electricity into 
the energy transition).  
 
Table 7.1. Overview on ongoing process developments and infrastructure on biofuels for transportation 

being carried out at pilot and demo levels in Germany (with no claim to completeness)  

Type of 
biofuel/  
conversion 
route  

Process characteristics,  TRL/FRL; Capacities  Stakeholder in 
research and 
industry in 
Germany  

Biooil from 
pyrolysis as fuel 
intermediate  

Flash pyrolysis of different 
biomasses, catalytic upgrading 
to fuel components and slurry 
production for gasification  

bioliq® demo plant, 2  MW 
pyrolysis, TRL 5 

Karlsruhe 
Institute of 
Technology 
(KIT) 

Biocrude from 
hydrothermal 
processes as 
fuel 
intermediates  

Bioethanol & Chem. | wood; 
lignocellulose pre -treatment 
(organosolv method), 
fermentation, enzyme 
production, organosolv lignin, 
sugars (for ethanol and 
various platform chemicals)  

Fraunhofer CBP pilot plant in 
Leuna, operational since 
2013, TRL 4-5 lignocellulose 
pre-treatment: 1 t 
wood/week, expanded in the 
period 03/2016 -09/2019.  

Fraunhofer CBP, 
Deutsches 
Biomasseforschu
ngszentrum 
(DBFZ), 
Thyssen, Linde 
Engineering 

 Hydrothermal liquefaction  Lab / technical plants,  
TRL 3 

DBFZ, KIT, Uni 
Hohenheim, TI 

 Hydrothermal liquefaction & 
gasification  

Pilot plant Verena, TRL 5 -6 KIT 

BTG | Syngas 
for Methanol, 
chemical 
products 

Pre-treatment and 
gasification  

TRL 6-7 ð Pilot Plant ð 25.000 
tons from coal, waste or 
residues processed per year ( 
planned for 2021)   

CARBOTRANS 
project,  TU 
Bergakademie 
Freiberg, 
Merseburg 
University of 
Applied 
Sciences, 
Fraunhofer 
IMWS and others 

BTL | H2-rich 
synthesis gas, 
bio-coal and 
bio-oil  

Thermo-Catalytic Reforming 
(TCR©), Pressure Swing 
Adsorption and Hydro 
Deoxygenation 

TRL 6-7 ð Demonstration Plant 
(1/5/2017 ð 30/4/2021) in 
Sulzbach-Rosenberg 

Fraunhofer CBP 
(Coord.), 
Zweckverband 
Müllverwertung 
Schwandorf and 
others 

Bioethanol 
(fermentation)  
 
 
 
 
 
 
 
 

cellulosic ethanol from 
agricultural residues like 
wheat and maize straw  

Demo plant sunliquid® in 
Straubing, operational since 
2014, TRL 7, FRL 6 1.000 t/a 
(from 4.500  t/a straw). 
Building a 50.000 t/aplant in 
Romania and signed license 
agreement in Slovakia and 
China. 

Clariant  
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Type of 
biofuel/  
conversion 
route  

Process characteristics,  TRL/FRL; Capacities  Stakeholder in 
research and 
industry in 
Germany  

 Bioethanol from corn -stover, 
grass and other agriculture 
waste 

TRL 4-5 ð Pilot Plant (30  t/y) ð 
focus on development of a 
commercial yeast for 
cellulosic ethanol (Bacovsky 
2020). 

Lesaffre 
(aquired 
Butalco plant in 
Stuttgart)  

Isobutene 
(fermentation)  

Fermentation  Demonstration plant (TRL 6)  Fraunhofer CBP 
/ Global 
Bioenergies 

HVO/HEFA Hydrotreating processes, 
different feedstocks  

Technical units,  
TRL 2-3 

TU 
Bergakademie 
Freiberg 
(TUBAF), VT 
Schwedt 

HCVO 
(Hydrotreated 
Cracked 
Vegetable Oil)  

2-step process for different 
feedstocks: 1st step = SRD 
(Solvolytic Reactive 
Distillation) for cracking and 
deoxygenation: intermediate 
product = CVO (Cracked 
Vegetable Oil) 2nd step = 
hydrotreating: product = 
HCVO 

TRL 6 pilot project (X -
Energy/READiTM-PtL project) 
2019-21: capacity of SRD 
READiTM process pilot plant = 
2 tons per week UCO; plant 
under construction (planned 
commissioning 2021) 

HAW Hamburg, 
Nexxoil, KBS 
Krebs Brüggen 
Sekundärrohstof
fe 

BTL | Methanol 
/ DME /gasoline 
and other fuels  

bioliq process, fast pyrolysis, 
entrained flow gasification, 
hot gas cleaning, synthesis 

5 MW gasification 40-80 bar 
(TRL 6-7), 2 MW gasoline 
synthesis (TRL 7) 

bioliq -project, 
KIT, 
Chemieanlagenb
au Chemnitz, 
Air Liquide  

BTL | Fischer-
Tropsch 

Micro-structured reactor 
module 

2-50 bpd container plant, TRL 
5, syngas transfer from bioliq 
plant  

EnergyLab2.0 at 
KIT, INERATEC  

BTL | Kerosene Thermo-Catalytic Reforming  
(TCR©), Pressure Swing 
Adsorption, Hydro 
Deoxygenation and Hydro 
cracking/ isomerization  

TRL 6-7 ð Demonstration Plant 
ð Scale and Location to be 
determined (probably near 
TCR© Susteen plant) 

University 
Birmingham  
(Coord.), 
Fraunhofer 
Umsicht, 
Susteen 
Technologies, 
BIGA Energie 
GmbH, and 
others 

BTG | FT 
Liquids 

Pre-treatment, gasification, 
syngas formation and FT 
Synthesis 

TRL 4-5 ð Pilot plant. 
Utilization of infrastructure 
from TUDA pilot plant in 
Darmstadt with other 
modules. Planning 
construction  

TU Darmstadt, 
Aichernig 
Engineering 
GmbH, and 
others 

XTL | Methanol, 
gasoline 

HP-POX gasifier (Since 2003), 
FlexiSlag gasifier (since 2013) 
and GSP gasifier (since 2018). 
STF synthesis pilot plant  

TRL 6-7 - 5 MW (gasifier) and 
10 MW (synthesis) and 120 L/h 
gasoline output by the STF 
gasoline pilot plant, which can 
also synthetize methanol  

TUBA Freiberg, 
Air Liquide, 
Chemieanlagenb
au Chemnitz 
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Type of 
biofuel/  
conversion 
route  

Process characteristics,  TRL/FRL; Capacities  Stakeholder in 
research and 
industry in 
Germany  

 2-stage hydrothermal 
liquefaction, refining  

Technical plant, TRL 4  DBFZ and 
partners 

Biomethane via 
biogas 
(fermentation)  

straw fermentation, fertilizer 
production; (additional: 
Bioethanol plants (grain, sugar 
beet) and biogas 

Commercial plant, 16,5  MW 
(136 GWh/a) from 40  kt/a 
straw, TRL 8, FRL 8 (260 kt/a 
bioethanol + 480 GWh 
biomethane)  

VERBIO AG 

Biomethane via 
gasification  

Gasification, gas conditioning, 
methanation  

Plant units at technical labs  KIT/EBI, Uni 
Erlangen, DBFZ, 
ZSW, CUTEC 

 Gasification, catalytic 
honeycomb methanation 
(mobile container), 
compression 

TRL 5, 60 kW (CH4) DVGW/EBI, 
KIT/EBI 

Bio-LNG Gasification or renewable CO2 
+ H2O-electrolysis, catalytic 
three phase methanation  

TRL 5, 100 kW (CH4) KIT/EBI 

 High pressure fermentation + 
electrolysis + biological 
methanation + liquefaction  

TRL 5, 15 kW (CH4) Uni Hohenheim, 
DVGW-EBI 

Biomethane 
(Bio-CNG/LNG) 

Anaerobic fermentation in 
combination with 
hydrothermal processes and 
methanation  

Technical pilot plant by end 
of 2021 including components 
with TRL 4 - 9 

DBFZ, UIT 

Different fuels  Fuel science center (formely 
Tailor -made fuels from 
biomass) Biomass 
pretreatment; enzymatic + 
catalytic biomass processing; 
synthesis and conversion to 
platform molecules and fuels;  

Lab units RWTH Aachen, 
Fraunhofer IME, 
Max-Planck-
Institute  

 
In addition, the topic of so -called PtX (ie., PtG or PtL fuels or chemicals, also called electrofuels) is 
gaining an increasing interest, especially in context of the German energy transition and increasing shares 
of renewable electricity. PtL is viewed as  carbon neutral and clean fuel by different OEMs. There are 
different projects on PtL ongoing in Germany, with examples including:  

¶ PtL demo plant (160 l/day) of Sunfire in Dresden, co -financed by BMBF 

¶ Planned PtL demo plant in Lünen using CO2 exhaust gases from the lignite power plant of Steag 
Lünen, together with Mitsubishi Hitachi Power Systems Europe (MHPSE), Carbon Recycling 
International (CRI), co -financed by EC Horizon 2020 

¶ PtX integrated into the Helmholtz EnergyLab2.0, a platform combining differen t energy conversion 
and storage technologies with overall process control and simulation, on site at KIT with KIT, DLR 
and FZJ as partners. Innovative technologies are considered such as microreaction Fischer -Tropsch 
synthesis for PtL, reverse water gas shift reaction, co -electrolysis and others for syngas generation, 
PtG by different reactor systems, , and development of catalysts and catalytic processes from lab to 
pilot.  

¶ Hydrogen cluster HYPOS pushing the production of electrolytical hydrogen and methana tion to 
synthetic natural gas  
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¶ An interactive map of DVGW (German Technical and Scientific Association for Gas and Water) 
compiling relevant power to gas plants can be found here: 
https://www.dvgw.de/themen/energiewende/power -to-gas/interaktive -power-to-gas-karte/   

 
Currently, there are important funding programs for RD&D that are addressing advanced fuels and ð to a 
minor extent - also biofuels. In general, there has been a decrease in funded projects related to biofuels. 
Funding programs include for instance:  

¶ Ministry of Education and Research (BMBF): òKopernikus ð projects for the energy transitionó with one 
project on PtX with 44 partners, an Namo syn for the production of climate neutral combustion fuels 
with 37 partners from research and industry. Research is carried out on drop -in hydrocarbon fuels as 
well as on oxygenated fuel compoents and products from syngas fermentation.  

¶ Federal Ministry of Food and Agriculture (BMEL): Renewable Resources Funding Scheme with projects 
related to ethanol, biodiesel, vegetable oils, biomethane, and advanced biofuels (e.g., hydrocarbons 
from biochemical pathways, fuels from other renewable resources like algae, a nd renewable 
oxygenates (OME) as gasoline and diesel blending components). 

¶ Federal Ministry for Economic Affairs and Energy (BMWi): funding initiative on òenergy transition in 
the transport sectoró which also addresses advanced fuels (focus on PtX) 

¶ Federal Ministry of Transport and Digital Infrastructure (BMVI), within the frame of mobility and fuel 
strategy projects like, e.g. research and demonstration project on the use of renewable jet fuel at 
Airport Leipzig/Halle ( DEMO-SPK) which deals with the supply and use of multiblend jet fuel  

¶ In addition, there are initiatives on the level of the federal states, such as the strategic dialogue for 
automotive industry in Baden -Württemberg  which funds the reFuels project  on the production and 
demonstration of drop -in hydrocarbon fuels for soon implementation and use in the existing vehicle 
fleet.  

7.5.  Market development and policy effectiveness  

Currently the market is mainly based on conventional renewable fuels which are expected to remain 
dominant at least until 2020. For advanced biofuels, there are many R&D&D activities; however, there 
are only a few production plants. The development of prod uction and use of conventional biofuels such 
as FAME biodiesel, ethanol, HVO/HEFA fuels and biomethane is shown in 4. There is no production capacity 
for HVO/HEFA fuels in Germany. Biomethane is produced in significant capacities but for different 
markets;  just a share of roughly 4% is used for transport applications. Pure vegetable oils as fuels (PVO) 
(annual volume in the range of 5,4  million  t/a (6,2 billion liters/year) in 2018 (OVID 2018b, 2018a) are 
not presented separately due to these also being used as feedstocks for FAME biodiesel and several other 
uses.  
 

https://www.dvgw.de/themen/energiewende/power-to-gas/interaktive-power-to-gas-karte/
https://www.bmvi.de/SharedDocs/DE/Artikel/G/MKS/demo-spk.html
https://www.refuels.de/index.php
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Figure 7.3. Production of conventional biofuels in Germany (©DBFZ, 2019) (Naumann et al. 2019) 

 
In 2018, biofuels avoided 9,5 million tons CO2eq in Germany, being the fuel specific GHG mitigation (main 
fuel options ): 83% Biodiesel (FAME), 86% Bioethanol, 77% HVO/HEFA and 90% Biomethane. The raw 
materials used to produce biofuels consisted 36% of residues and 64% of cultivated biomass (mostly 
rapeseed, palm oil, corn and wheat) (BLE 2019). 
 
Table 7.2. Biofuel production capacity (Naumann et al. 2019; Lenz et al. 2017; VDB 2020; BDBE 2020b; 

UDOP 2019)); (no production capacities for HVO/HEFA fuels; cellulosic ethanol capacity 

1.262.000 liters/a)  

Year Biodiesel / FAME 

(ML/year)  

Ethanol + ETBE 

(ML/year)  

Biomethane / Biogas 

(PJ/year)  

2007 3.783 398 - 

2008 3.067 581 1 

2009 2.772 750 4 

2010 2.880 762 6 

2011 2.760 721 10 

2012 2.817 774 15 

2013 2.965 848 19 

2014 3.408 917 23 

2015 3.504 934 25 

2016 3.544 932 31 

2017 3.646 850 33 

2018 3.465 785 33 

Unit conversion: 1 metric ton of biodiesel=1.136 liters and 1 metric ton of ethanol=1.262 liters.  
 
In 2018, about 4,12% or 113 PJ/a of the transport fuels used were biofuels, of which about 81  PJ/a were 
biodiesel (FAME, the main raw material is Palm Oil, Rapeseed and Waste and Residues), 6 PJ/a of 
HVO/HEFA fuels (mainly based on palm oil and used cooking oil), about 31  PJ/a of ethanol (mainly 
based on wheat and sugar beet) and about 1 PJ/a biomethane from biogas (mainly based on residues).  


