
   

   

 

IEA Bioenergy Task 39 

December 2019 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Implementation Agendas:  

Compare-and-Contrast Transport Biofuels Policies  

(2019 -2021 Update)  

IEA Bioenergy: Task 39 

 

February 2022 

 

 



   

 ii  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Implementation Agendas:  

Compare-and-Contrast Transport Biofuels Policies  

(2019 -2021  Update)  

         Mahmood Ebadian and Jack Saddler, University of British Columbia, Canada  
James D. McMillan, National Renewable Energy Laboratory, USA  

Edited by   

 

 

IEA Bioenergy: Task 39 

 

February 2022 

 

 

Copyright © 20 22 IEA Bioenergy. All rights Reserved  

ISBN #  979 -12 -80907 -06 -6 

Published by IEA Bioenergy  

 

 

 

 

 

The IEA Bioenergy Technology Collaboration Programme (TCP) is organised under the auspices of the International Energy Agency  (IEA) but is functionally and legally autonomous. 

Views, findings and publicati ons of the IEA Bioenergy TCP do not necessarily represent the views or policies of the IEA Secretariat or its individual memb er countries  

 

 
The IEA Bioenergy Technology Collaboration Programme (TCP) is organised under the auspices of the International Ener gy Agency (IEA) but is functionally and legally autonomous. 

Views, findings and publications of the IEA Bioenergy TCP do not necessarily represent the views or policies  

of the IEA Secretariat or its individual member countries.  

 



   

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

 

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.  
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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 



Compare-and-contrast transport biofuel policies in member countries 

IEA Bioenergy Task 39 - Implementation Agendas: 2019 -2021 Triennium Update  41 

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) 

 

0

100

200

300

400

500

600

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

M
ill

io
n

 l
it
e

rs
 (

M
L

)

FAME biodiesel- Production Conventional ethanol- Production

FAME biodiesel- Use Conventional ethanol- Use



Compare-and-contrast transport biofuel policies in member countries 

IEA Bioenergy Task 39 - Implementation Agendas: 2019 -2021 Triennium Update  42 

 
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) 
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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


Compare-and-contrast transport biofuel policies in member countries 

IEA Bioenergy Task 39 - Implementation Agendas: 2019 -2021 Triennium Update  54 

¶ 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
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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
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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 


