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Executive Summary
Overview
EU policy on biofuels to 2020 and beyond remains uncertain and current implementation of EU
biofuels policy is fragmented at Member State level, leading to uncertainty for fuel and vehicle
industries, and ultimately policy-makers, and consumers. Furthermore, there is uncertainty over
what the fuel industry can achieve in terms of sustainable biofuels supply and how this can best be
integrated into the vehicle fleet, and a lack of a joint fuel and vehicle industry bottom-up vision of
what biofuels could achieve in road transport. This study sets out to identify a pathway that is
achievable for both the fuel and auto industries, and coherent with overall policy objectives. A
coalition of six fuel and vehicle companies came together to guide this study, and a wider group of
stakeholders across the European fuels, vehicles, consumer, and public policy sectors also informed
the work that was led by the independent consultancy E4tech.
The study shows how a range of biofuels can make a significant contribution towards meeting the
EU’s renewable energy and greenhouse gas emissions reductions targets for 2020, and to further
targets that may be set beyond that date. At the same time, it underlines the urgent need for
specifications for new biofuel blends, compatible vehicles, and a framework that addresses biofuel
sustainability issues including indirect land use change. The study also supports the development of
advanced biofuels. Looking forward, it emphasises the need for a concerted auto-fuel effort to
deliver effective biofuel-vehicle solutions.
The study proposes a biofuels roadmap which, with appropriate investment by stakeholders, should
deliver important GHG emissions savings by 2030, put the EU on a trajectory for greater savings
beyond that date, assist in meeting other energy and environmental objectives, contribute to green
growth and competitiveness of the EU, and meet the needs of the fuel and auto industries and their
consumers.

The roadmap to 2030
A structured analysis of options, using the process outlined in Figure 1 below and supported by
biofuel supply and vehicle fleet models, has led to the following key roadmap components: supplying
FAME biodiesel within the existing B7 blend wall, introducing an E20 ethanol blend, and focusing on
the introduction of drop-in fuels, particularly diesel substitutes. Biogas is identified as an important
component of future biofuel supply, but is not considered in detail in the study which focused on
liquid transport biofuels.
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Figure 1: Process used for identifying mass market components of the roadmap
(E85 and ED95 could still have potential for deployment on a smaller scale, in local markets)

Increasing the biodiesel blend wall beyond B71 is not considered worthwhile because of the
engineering challenge associated with making engines that use biodiesel blends higher than B7
compatible with Euro-VI air quality requirements. In addition to this technical issue, the projected
tightness in the sustainable vegetable oils market will also likely result in a lack of FAME available to
go beyond this blend wall. On the gasoline substitute side, the recommendation is to continue to aim
for maximal E10 roll-out by 2020, followed by the introduction of E20 (or oxygenate equivalent)2 in
2025. To 2020, the full introduction of E10 will make the largest biofuel contribution on the gasoline
side, and to 2030 the transition to E20 will provide the second step change in biofuel consumption.
The transition to E20 post-2020 is not likely to be limited by biofuel availability (if imports from
outside the EU are not constrained), but by the ability of non-flex-fuel vehicles to accept variations in
fuel density and oxygen content. Besides their contribution to biofuel uptake to 2030, developing
E20 compliant vehicles remains an interesting option if in the future there is a shift to gasoline or a
big role for gasoline plug-in hybrids. While predicted ethanol availability indicates that blends above
E20 could be achieved, possibly an average blend level of E35 by 2030, going beyond the E20 blend
wall is not deemed worthwhile because of the higher uncertainty associated with ethanol availability
for higher ethanol mass blends, the additional costs and vehicle and infrastructure challenges that
would be incurred, and the further exacerbation of the gasoline and diesel production and demand

1

A B7 blend wall means that engines should be compatible with, or at the very least tolerant of, a blend of up
to 7% biodiesel in fossil diesel fuel. This excludes ‘drop in’ forms of biodiesel, which can be blended at much
higher proportions as their characteristics are essentially the same as fossil diesel.
2
E20 is a 20% blend of bioethanol in fossil gasoline; other components (such as bio ethers) may comprise some
of this blend to give an equivalent oxygenate level to bio ethanol.
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imbalance in Europe. If additional ethanol were available, beyond an E20 mass blend, it could
alternatively be used in higher blend niche markets as E85 or ED95.
The uptake of bioethanol, or ethers derived from it, is therefore a key part of the roadmap. In the
short term, maximising actual uptakes within existing E5 and E10 specifications will be important,
and offering the E10 blend as a standard fuel (with E5 as a premium product and protection grade for
older vehicles) will maximise uptake provided appropriate information is available to consumers.
Beyond this, introduction of E20 in 2025 is possible, provided sufficient compatible vehicles are
available. Key ingredients of achieving this are first, continued and increasing introduction of E20
tolerant vehicles in the market, second, the urgent development of an E20 standard, third, the
introduction of E20 compliant vehicles as early as 2018, and fourth, ensuring that the significant
number of newer existing vehicles that are already E20 tolerant do use the fuel when it is introduced.
Introduction of E20 as a mainstream widely used fuel could be achieved by 2025 starting with threegrade gasoline markets by which time the majority of the gasoline vehicle fleet could be tolerant or
compliant with the new specification.
It should be stressed that a 2025 E20 introduction will be challenging mainly due to the time lag
associated with building a critical mass of vehicles able to accept the fuel. A range of factors could
also influence the timing of an E20 introduction, such as the timely development of a fuel standard,
conversion of existing E10 tolerant vehicles to make them E20 tolerant, new car sales incentives, and
smart pumps.
Encouraging maximum uptake of the new ethanol blends, not always successful in the past, is
important. Forecourt tank limitations generally limit the number of staple gasoline blends to two, so
it is suggested that the higher ethanol content (E10, then E20) is the standard fuel, with the
protection grade (E5, then E10) becoming available as a premium fuel. Once E10 becomes the
protection grade, E5 can remain on sale at larger forecourts, as was the case for Lead Replacement
Gasoline in the mid-1990s.
In addition, the development of a new fuel specification can provide an opportunity to ensure the
development of a high quality biofuel blend that minimises local air emissions and helps vehicle
manufacturers to meet their emission requirements. It is important that a new fuel specification
does not result in low quality fuels affecting vehicle development.
The accelerated development of biofuels based on lignocellulosic feedstocks and of drop-in biofuels,
particularly diesel drop-ins, is the other important aspect of the 2030 roadmap, as it will facilitate
further fossil fuel replacement and greenhouse gas reductions without the additional cost of moving
vehicle blend walls, infrastructure build up, and consumer acceptance issues around technical
compatibility. A focus on diesel substitutes is recommended, to address what will otherwise be a
growing EU imbalance in refinery supply and market demand of the fossil diesel and gasoline shares.
Drop-in fuels are complementary to non-drop-in fuels, and together they will enable more emissions
savings, and present significant advantages in terms of infrastructure and vehicle integration.
Hydrotreated vegetable oil (HVO) plant build could be rapid as the technology is commercially
available. The build rate may be constrained by vegetable oil or waste oil and fat availability, as well
as risks relating to policy decisions around the sustainability of these feedstocks, but could be
increased in the future based on microbial or microalgal oil availability. Other drop-in technologies,
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predominantly based on lignocellulosic feedstocks, are at earlier stages of development and
deployment, and require commercialisation support.
Because of inevitable timescales for transition from small to large-scale production, second
generation (2G) biofuels, based on lignocellulosic feedstocks and other feedstocks such as algae, will
make a small contribution to 2020, and based on current trends will make a limited albeit significant
contribution by 2030. It is projected that the 2G fuels would represent 9-21% of diesel substitutes
and 16-21% of gasoline substitutes by 2030. But, assuming double the predicted 2G biofuel
availability to the EU would not be unreasonable as the ramp up could be significantly accelerated
following the demonstration of the technologies. In all cases strong industry and policy support will
need to be directed to 2G technologies.
Taking into consideration important features such as the rate of vehicle fleet turnover, the limited
number of storage tanks at many refuelling stations, the impact on the consumer, and the
commercial readiness and current deployment trends of different fuels, a timeline for the different
components of the roadmap is proposed which is outlined in Figure 2.

Figure 2: Roadmap components

It is also important to bear in mind the role of emerging alternative fuels, including gas, electricity,
and hydrogen. The study modelled the impact of these on demand for conventional fuels, using the
most recent projections for uptake as a basis. New vehicle penetration of these alternatives might be
significant by 2030, however fuel use is determined by the entire vehicle fleet and their relative
impact on fuel substitution and GHG emission reduction is much lower than the impact of either
biofuel uptake or vehicle efficiency improvement. Beyond 2030, this situation could of course change
significantly, though it is likely that liquid fuels will continue to play an important role well beyond
2030.
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The roadmap could lead to an energy share of biofuels in road transport of 5.8-6.3% by 2020 and
10.6-11.8% by 2030, and GHG emissions savings of ~4% in 2020 and ~8% by 2030, making a
significant contribution to the RED and FQD3. The overall biofuel contribution to transport (i.e.
including non-road transport sectors) would be higher, of the order of 6.7 – 7% by 2020 and 12 -15%
by 2030. If the additional biofuel was not used in the non-road transport sector, it could be diverted
to road transport. In 2020, including current RED double counting rules, the overall contribution of
biofuels to the RED would be 8.2-8.8%. In 2020, 20% of biofuels could come from waste oils and fats
and from lignocellulosic material, and we estimate that these sources would make up over half the
growth in biofuel supply between now and 2030.
A further implication to consider is that gasoline consumption in the EU in the future is already
expected to decrease, and the increase in ethanol consumption will contribute further to this
reduction in demand, possibly exacerbating refinery issues as export markets for gasoline outside the
EU also decrease. This is not an issue that is addressed in this report, but one that should be
addressed at a transport energy systems level, as it is affected by a range of factors, e.g. future fuel
consumption, evolution of the share of gasoline and diesel vehicles, gasoline demand and production
outside the EU.

Policy
In order for biofuels to play an important role in the 2030 timeframe, several policy
recommendations are put forward. The most important of these is the introduction of a single 2030
GHG emissions reduction target for the combined auto-fuel sector in order to harmonise the
activities of the auto and fuel industries as part of a broader sustainable transport policy. Such a
target could be effectively achieved via regulations on industry rather than a Directive to Member
States, ensuring a more rapid and efficient harmonisation across EU. The target should be allocated
between the two industries in an economically efficient way, while setting the industries on a
trajectory that meets long-term GHG reduction objectives.
The purpose of this target is to provide long term clarity to enable investment and stimulate fuel
efficiency, alternative vehicles, and alternative fuels. It is recommended that the introduction of such
a cross-industry target:






be based on evidence of what could be achieved through fuel and vehicle measures,
require specified GHG reductions from vehicles and fuels,
include supporting measures for the development of required fuel and vehicle technologies,
and related infrastructure,
be accompanied by a dedicated programme to address consumer education and acceptance,
include a framework for the deployment of biofuels, including harmonising blend levels,
across Europe and accelerating the introduction of E20.

This policy target should be supported by an appropriate biofuels policy framework to ensure
biofuels can be introduced in a timely and sustainable manner. The framework should support the

3

The calculation of the biofuel contribution to RED and FQD compliance is based on the regulations in place in
the summer of 2013. The introduction and implementation of policies designed to constrain the biofuel
contribution will clearly impact these figures.

10

A harmonised Auto-Fuel biofuel roadmap for the EU to 2030

use of sustainable feedstocks, provide long term regulatory certainty for the development and use of
advanced biofuels, consider infrastructure and consumer needs, and should not restrict imports.
A policy framework for sustainable feedstocks in 2030 should require the certification of biofuels be
at least in line with the existing RED feedstock sustainability requirements, and should be refined as
evidence on sustainability questions and practices evolves. Policy should also encourage positive
practices such as the production and use of biofuels based on waste or under-utilised resources, and
the use of biofuels with greater GHG savings, and should tackle risks of negative land use impacts by
introducing policies that incentivise the use of biofuels with low ILUC risk and ILUC mitigation actions.
Land use change should also be tackled in the widest possible sense, i.e. also look beyond biofuels to
vulnerable land protection in general.
Continued joint action will be needed from the auto and fuel industries as close co-operation will be
needed on many aspects of vehicle and fuel issues. Such joint action will be critical in further
developing the requirements of a sustainable biofuel-vehicle roadmap to 2030, helping build a
framework for its implementation, and realising its implementation.
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1

Motivation for the study and scope

1.1 Motivation for the study
Biofuels are expected to make a significant contribution to GHG reduction and renewable energy use
in transport by current EU policy to 2020, and could continue playing an important role beyond 2020.
However, the outlook for biofuels is uncertain because of:









Concern over the availability and sustainability of biofuels
Uncertainty over potential changes to the EC’s Renewable Energy Directive (RED) and Fuel
Quality Directive (FQD) to 2020 and on biofuels policy beyond that
Fragmented and inconsistent implementation of the RED and FQD across Member States,
and biofuels plans in relation to blend walls, biofuels types and feedstocks
Uncertainty over the contribution of different biofuel resources and technologies
Inconsistency in the biofuel compatibility of the vehicle parc (including both new and older
vehicles), and lack of consumer knowledge thereof
The technical challenge of making a vehicle compatible with a blend of biofuel which may
vary up to the specified maximum, while meeting increasingly aggressive CO2 and air quality
emission legislation
Poor recent experiences in the introduction of higher biofuel blends.

As such, there is a risk of anaemic growth, sub-optimal solutions and consumer confusion in relation
to biofuels deployment.
In 2012, a consortium of six auto and fuel companies came together and agreed that there was a
need for a harmonised auto-fuel vision and roadmap for how biofuels could contribute to existing
and potential future EU transport energy and environment policy targets. In order to help develop
this vision and roadmap, a steering group from these auto and fuel companies commissioned E4tech
to carry out an independent study that:






Defines a biofuel-vehicle roadmap that could contribute to road transport in Europe to 2020,
2030 and beyond
Makes balanced use of vehicle and fuel industry perspectives as well as a very broad range of
other stakeholder inputs
Is relevant to all those who shape the future of biofuels in European road transport
Uses a quantitative bottom-up approach considering a wide range of factors
Tests alternatives futures using a scenario approach.

The aim of the study is therefore to develop a biofuel-vehicle roadmap that is consistent with the
characteristics and dynamics of both the auto and fuel industries, which takes into consideration the
role of the consumer, and also addresses the concerns of policy-makers.

1.2 Scope
The focus of the study is to develop a liquid biofuel roadmap that can make a significant contribution
to environmental and energy goals. While the roadmap focuses on liquid biofuels for road transport,
the modelling underpinning this roadmap also considers the role of other alternative fuels, such as
natural gas, hydrogen and electricity, and the use of biofuels in other non-road transport modes,
12
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such as aviation, rail, shipping and off-highway vehicles. Also, the modelling incorporates a wide
range of factors that determine the uptake of biofuels:

Figure 3: Scope of modelling underpinning roadmap
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2 Approach to developing an EU biofuels roadmap
The development of an EU biofuels roadmap that is harmonised across the auto and fuel sectors
requires a detailed understanding of the potential supply of biofuels in Europe to 2020, 2030 and
beyond, and a detailed understanding of the potential for the evolving vehicle fleet to uptake those
biofuels over the same timeframes.
In this study, separate biofuel supply potential and vehicle fleet biofuel uptake models have been
developed and combined to model the potential future growth of biofuels in the EU market.
With this knowledge on biofuel supply and uptake potential, different biofuel-vehicle options can be
assessed in turn against the following criteria, in order to identify suitable biofuel-vehicle options for
the biofuels roadmap:

Figure 4: Criteria for identifying the components of an EU biofuels roadmap

The roadmap developed should comprise a set of biofuel-vehicle options to 2030 and beyond that
address auto, fuel, consumer and other stakeholder requirements, such as:









Consistency of blend levels with available supply
Feasibility of ramp-up in view of the rate and types of change required
Compatibility with pre- and post-2030 environmental and energy objectives
Resilience to as wide as possible a range of different futures
‘Fair’ allocation of change and cost along the biofuel-vehicle chain
Cost-effectiveness of GHG emissions reductions in road transport
Sustainability of biofuel production
Consistency and alignment with RED and FQD targets for biofuels

Once the components of the roadmap have been identified, the changes, actions, and
communications required to achieve that roadmap can be formulated, including the policy
framework that will enable its realisation.
The use of scenario analysis for the supply and uptake potential is instructive in ensuring that the
roadmap developed is resilient to a variety of different futures.
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The approach taken is summarised in the following schematic.

Figure 5: Overview of approach taken in study to development of an EU biofuels roadmap

This report briefly explains the approach to modelling biofuel supply and uptake before going on to
describe in detail the proposed roadmap. More details can be found in the appendices to this report
on the assumptions and approach to the supply and uptake modelling.

15

A harmonised Auto-Fuel biofuel roadmap for the EU to 2030

3 Supply of biofuels
3.1 Approach to modelling biofuels supply potential
Biofuel supply potential in the EU in 2020 and 2030 is modelled using the approach shown in Figure
6, steps 1-3. Step 4 allows integration of the supply and uptake model, as described in section 3.3.
Scenario analysis is used to test the extent to which the biofuel volumes vary depending on
assumptions made about particular variables.

1. Baseline
availability of
biofuels in
2020 and 2030

2. Apply
supply side
scenario
constraints

3. Apply GHG
threshold

4. Ranking of
volume of
each fuel from
lowest to
highest cost

Relevant to
1G fuels only

4

Figure 6: Approach to modelling available biofuel supply potential and
ranking for integration with the biofuel uptake model

Over 200 separate fuel chains are modelled based on combinations of feedstock5, region of
production6, production process7 and final fuel8. For more detailed information on the supply
modelling approach please see Appendix B.
Broadly speaking, the biofuels modelled in this study fit into two categories; 1st generation (1G) and
2nd generation (2G) biofuels. The distinction between the two generations of fuels is based on the
type of feedstocks used:


1G fuels are produced from conventional crops or waste oils and fats9

4

Policy constraints considered are based on current EU policy, i.e. the existing GHG thresholds outlined in the
Renewable Energy Directive.
5
Sugarcane, sugarbeet, sweet sorghum, molasses, wheat, corn, cassava, barley, rapeseed oil, soybean oil, palm
oil, sunflower oil, jatropha oil, camelina oil, microalgae oil, UCO, tallow, manure, MSW/IW, woody feedstocks
(SRC, SRF), residues (forestry, saw dust, cutter shavings, bagasse, etc), energy crops (miscanthus, switchgrass,
reed)
6
Countries/regions modelled to export to the EU: US, Canada, Brazil, Argentina, South America Other, EU, CIS,
Ukraine, MENA, Central/West Africa, Southern Africa, South East Asia, Oceania
7
Trans-esterification, hydroprocessing, gasification and chemical synthesis, anaerobic digestion, fermentation,
cellulose hydrolysis and fermentation, pyrolysis and upgrading
8
FAME, HVO, FT diesel, DME, biogas, bio-SNG, methanol, (1G and 2G) ethanol, (1G and 2G) butanol
9
Note that the 1G and 2G categorisation used in this study is not intended to align with the single and double
counting categories in the RED; instead the categorisation represents the level of technology development
and type of feedstock used.
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2G fuels are produced from waste streams such as municipal solid waste (MSW) and manure,
residues (straw, husks, shells, bagasse, forest residues), lignocellulosic (wood and grass)
energy crops, microbial oils and microalgae.

Given their difference in commercial maturity, they are modelled slightly differently, with 1G fuels
constrained by feedstock availability and 2G fuels constrained by the rate at which biofuel plants are
expected to be built. The only exception to this is that HVO and Butanol from 1G feedstocks are also
modelled to be plant build rate constrained as well as feedstock constrained, as they are in the early
stage of commercialisation and demonstration, respectively.




1G biofuels: A baseline feedstock availability is calculated based on land area, yield and food
demand projections. Constraints (relating to yield, environmental context, plant efficiency10,
export capacity to the EU and demand from competing markets) are then applied which vary
across four scenarios, to give four different projections of 1G biofuel supply availability to the
EU in 2020 and 2030.
2G biofuels: Biofuel potential is calculated based on a projection of plant capacity.
Constraints (relating to efficiency, export capacity to the EU and demand from competing
markets) are then applied, which vary across the four scenarios, to give four different
projections of 2G biofuel supply availability to the EU in 2020 and 2030.

Four scenarios are created in which the calculation of available biofuel supply is varied depending on
certain key parameters. The differences between the scenarios are shown in the table below and
described in more detail in appendix B to this report.

Figure 7: Variation of parameters between scenarios

10

Plant build rates are an additional constraint in the case of 1G HVO and 1G butanol
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Following the development of these four scenarios, the amount of biofuel available to the EU in all
scenarios is constrained based on the existing GHG thresholds in the Renewable Energy Directive
(RED)11. Effectively, this means that a certain percentage of the available volume of biofuel in each
scenario is considered non-compliant and thus unavailable to the EU. Only existing regulation on
GHG emissions performance of biofuels are included in the calculation of the compliant fraction; new
policy options for dealing with emissions associated with indirect land use change are not included,
as these approaches are still under discussion and it remains unclear how they will be dealt with in
policy. The approach to calculating the non-compliant fraction is explained in detail in section 1.5 of
Appendix B.

3.2 Total supply potential to the EU
Using the approach summarised above, the total biofuel availability to the EU from both imports and
domestic EU production is projected to be 17-22 Mtoe in 2020, increasing to 28-40 Mtoe in 2030.
These calculations suggest that available supply to the EU may approximately double between 2020
and 2030.
Total biofuel availability to the EU in 2020 and 2030
Supply potential in Mtoe p.a.

45
40
35
30
25
20
15
10
5
0
2011 2020/A 2030/A
2020/B 2030/B
2020/C 2030/C
Consumption
Diesel substitutes
Gasoline substitutes

2020/D 2030/D

Biogas

Figure 8: Total biofuel availability to the EU in 2020 and 2030, across four scenarios A-D.
For 2011 the values are based on the actual EU biofuel consumption from Eurostat.

In terms of diesel substitutes, EU rapeseed oil has the largest supply potential in the EU to 2020 and
2030 in all scenarios. To 2030, rapeseed and other vegetable oils (e.g. sunflower) from the Ukraine
and CIS are likely to provide an increasing source of available oils to the EU in all scenarios. The
contribution of waste oils and fats is also projected to increase to 2030. Additionally, in Scenario D,
there is an increasingly significant contribution of 2G fuels to 2030 from residues, lignocellulosic
energy crops, as well as novel feedstocks such as microbial oils and microalgae.
In terms of gasoline substitutes, ethanol from wheat, sugarcane and sugarbeet provide the bulk of
available supply to Europe. EU wheat will continue to be a major source of supply. Similarly to the
oilseeds, it is expected there will be availability of grains, such as wheat and barley, from the Ukraine
11

Directive 2009/28/EC of the European Parliament and of the Council of 23 April 2009 on the promotion of
the use of energy from renewable sources and amending and subsequently repealing Directives 2001/77/EC
and 2003/30/EC.
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and CIS. Beyond 2020, sugarcane ethanol is increasingly imported from other parts of South America
and also Southern Africa. As with all feedstocks, the extent to which this potential availability is taken
up and used as biofuel depends on the price, which in turn is dependent on many other factors which
cannot be accurately predicted, such as weather and climate events.
The total biofuel availability to Europe is strongly dependent on the assumptions made about
imports to the EU. The next two graphs show that whilst domestic EU biofuel production is modelled
to increase between 2020 and 2030, it is the increasing contribution of biofuel imports to 2030 that
has a greater influence on biofuel availability in the longer term.
Total domestic production of biofuel in the EU in 2020 and 2030
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Figure 9: Total domestic production of biofuel in the EU in 2020 and 2030, across four scenarios A-D.
Note: the 2011 “EU production” figure from Eurostat includes feedstock imported to the EU
but converted to biofuel in plants in the EU. Conversely, biofuel produced in the EU from
imported feedstocks is classified as an import in this study.

EU production is estimated at ~11 Mtoe in 2020 and ~15.5 Mtoe in 2030 and does not change
significantly between the scenarios. The differences between the scenarios are comparatively small
in 2020 and 2030, as there is likely to be limited variation between the different scenario parameters
in the case of the EU to both 2020 and 2030. Scenario D sees a decrease in the diesel non drop-in
because this scenario has a much greater ramp up of HVO and co-feed HVO.
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Total biofuel imports to the EU in 2020 and 2030
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Figure 10: Total biofuel imports to the EU in 2020 and 2030, across four scenarios A-D.

In 3 out of 4 of the scenarios, biofuel imports in 2030 make a larger contribution to the EU’s overall
biofuel availability than domestic biofuel production. The highest levels of imports are seen in
scenario A due to the assumption that exporting countries have low domestic demand. In contrast,
scenario B assumes a high domestic demand in exporting countries. In all scenarios in 2020, the
largest quantity of imported vegetable oil is soybean oil, compatible with meeting EU biodiesel
quality requirements, and the main ethanol/butanol import is sugar cane based, largely from Latin
America.
Penetration of 2G fuels is likely to remain limited to 2030, even in the highest scenarios, if it follows
current development and deployment trends. The availability of 2G fuel imports is expected to be
limited to 2030, so supply will have to rely mainly on EU production. Some imports could be
envisaged from Brazil. 2G production in the EU to 2030 is most likely to be dominated by
lignocellulosic ethanol, lignocellulosic butanol and FT diesel, largely produced from residues or
woody feedstocks. New feedstocks such as microbial oils and microalgae make a contribution to
supply by 2030 but the volumes are not significant within this timeframe. However, stronger policy
support could increase 2G further than modelled here.
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Figure 11: 1G and 2G biofuel availability to the EU in 2020 and 2030 across four scenarios, A-D.

Waste oils and fats and tall oil12 could make an important contribution to total vegetable oil supply at
around 2 Mtoe in 2020 and around 3 Mtoe in 2030. This represents 18-20% in 2020 and 19-24% in
2030 of total FAME and/or HVO available.

Contribution of waste oils to 1G diesel substitutes
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Figure 12: Contribution of waste oils in 1G diesel substitutes (FAME and HVO)
in 2020 and 2030, across four scenarios A-D.

12

A by-product of the Kraft wood-pulping process
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1G fuels based on conventional feedstocks, in particular vegetable and waste oils and fats, are likely
to continue to provide the majority of biofuels in 2030. While 2G biofuels supply will grow to 2030, a
more significant contribution from such fuels will need to rely on their accelerated deployment
mainly in the EU.

3.3 Ranking of biofuel supply
The graphs shown so far in this chapter show the total available biofuel supply to Europe in 2020 and
2030 and how this varies across four different scenarios. The next chapter describes how the uptake
of the biofuels in the vehicle fleet is modelled. As all the biofuel supply modelled will not necessarily
be required to meet the uptake potential, the biofuels were ranked based on their costs, so that it
would be possible to model the biofuels that would be used first to meet the uptake by the fleet. In
addition to the biofuel merit order based on production cost, 2G biofuels were also given priority in
this ranking, despite their production costs being greater. See chapter 7.1 for the implications of this
ranking on the biofuels used to meet the supply.
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4 Modelling of biofuel uptake
4.1 Overall modelling approach
A vehicle fleet model is used to determine the evolution of the vehicle fleet for the four types of
vehicle categories considered and to estimate the resulting gasoline and diesel demand in the period
2013-2030. The model also determines the maximum allowable uptake of biofuels (biofuel uptake
capacity) as a result of the biofuel blend walls associated with different vehicles. The biofuel uptake
modelling approach is shown in Figure 13. The modelling approach up to the calculation of the total
energy demand is described in this chapter. The approach to the calculation of the biofuel uptake is
dependent on the roadmap chosen and is described in chapter 6. Similar to the modelling of biofuel
supply, scenario analysis is used to test the extent to which the biofuel uptake capacity varies
depending on assumptions on particular variables.
Passenger-km
forecast

Tonne-km forecast
Total fleet size
LDV, Truck
(HDV) fleet
size

PC, MC, Bus
(HDV) fleet
size

Annual mileage per
vehicle forecast

Average occupancy
forecast

Annual mileage per
vehicle forecast

Average payload per
journey forecast

Scrappage and
new sales rates

Fleet
composition
over time
New sales emission targets

Total energy
demand
Blend walls, customer
acceptance, biofuel availability

Chapter 4
Chapter 6

Modelled
biofuel uptake

Figure 13: Approach to modelling biofuel uptake

The modelling approach starts with the calculation of a baseline vehicle fleet. From forecasted
transport activity data (passenger-km and tonne-km), annual vehicle mileage and average occupancy
/ payload data (see appendix C for details), a total fleet size forecast to 2030 is determined that is
common to all scenarios and is technology and fuel agnostic (Figure 14).
The on-road fleet composition in terms of biofuel blend walls and drive train technology varies over
time (i.e. the number of vehicles per type per year) and is derived from new sales and scrappage
rates. This scrappage or retirement rate of the fleet is calibrated to match the calculated fleet size in
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the scenarios with the baseline fleet size. The model distinguishes between four vehicle categories,
Passenger cars (PCs), Motorcycles (MCs), Light duty vehicles (LDVs) and Heavy duty vehicles (HDVs)
and 7 vehicle types13 (see appendix C).
Fleet growth projection
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Figure 14: Baseline fleet development

Then, the total energy demand of the fleet is calculated from the average fuel economy of the fleet
and vehicle mileage. Based on EU targets, new PCs emit on average 95 gCO2/km in 2020 (down from
140 gCO2/km in 2010) and new LDVs emit on average 147 gCO2/km in 2020 (down from 182 in
2010). Further improvements in fuel economy are assumed to 2030. Although no emission target for
HDVs is in place yet, it is assumed that the average carbon emissions and fuel consumption of new
HDVs will drop 20-30% between 2012 and 2030, depending on the scenario.
To assess the non-drop-in biofuel uptake capacity of the vehicle fleets, the biofuel-compatible
vehicle penetration rates are also required. Following the roadmap choices taken in chapter 5,
different introduction dates can be explored for the chosen blend walls (see chapter 6). Penetration
of a new (higher) blend tolerant vehicle type follows a linear ramp-up between a start-year (in which
the first vehicles are introduced) and an end-year in which all new gasoline or diesel vehicles sold are
tolerant to the higher blend.

13

Gasoline Plug-in Hybrid Electric Vehicle (GPHEV), Diesel Plug-in Hybrid Electric Vehicle (DPHEV), Flex Fuel
Vehicle (FFV), Liquefied Petroleum Gas (LPG), Natural Gas (NG), Electric Vehicle (EV) and Fuel Cell Vehicle
(FCV)
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4.2 Total energy demand from road transport
Despite transport activity growth, in all scenarios the total road fuel demand drops from 299 Mtoe in
2010 to around 248 Mtoe in 2020 (-17%) and to around 233 mtoe in 2030 (-6%) as a result of
increasing efficiency driven by CO2 emission reduction (Figure 15).

Figure 15: Road transport fuel demand

The scenario approach used to explore variation in road transport fuel demand does not result in
significant differences between scenarios, unlike the biofuel supply scenarios explored in chapter 3.
The main reason for this is that the car and van regulation to 2020 is fixed and given the relatively
slow rate of vehicle turnover, those vehicles will constitute the main part of the vehicle fleet to 2030.
The main variation between the scenarios is the relative penetration of different alternatively fuelled
vehicles, and given the current low levels of penetration and the aforementioned slow turnover rate,
these do not reach high levels by 2030. The baseline fleet size is not varied across scenarios. While
the projected baseline fleet size leads to fuel consumption in line with other projections such as the
IEA’s World Energy Outlook, significant differences in fleet size could have a proportional impact on
fuel consumption.
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5 The Roadmap
5.1 Identification of components of the roadmap
A number of different potential biofuel roadmap components were analysed carefully to explore
their potential contribution to biofuel uptake in 2020 and 2030. The results of this comparison are
shown in Figure 16 below.

Figure 16: Analysis of characteristics of different biofuel-vehicle roadmap options

There are only a few biofuel-vehicle options that are widely available across the EU today, with dropin14 routes besides HVO not yet commercially available. Some of the blend wall options are suitable
as mass blend options, and so are drop-in biofuels. Three of the proposed options are not considered
feasible mass blend options in the 2030 timeframe (E85, B10-30 and ED95), with their contribution
associated with dedicated fleets or particular geographies. This and their role as niche fuels is
discussed further in section 5.2.5, but in summary:





14

Limited infrastructure and availability of ethanol for E85 to be a mass blend option across
the EU means increasing the blend level in mainstream gasoline is more effective
Biofuel availability also limits the ability to introduce higher diesel blends such as B10-B30,
and the severity of the Euro VI emissions challenge in all sectors is such that significant
further technology modifications would be required to introduce compatible vehicles
ED95 is currently only supported by one European manufacturer, with limited fuel
availability, hence restricting its potential for impact.

Drop-in fuels in this study include HVO, FT diesel, upgraded pyrolysis oils
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In the 2020 timeframe, there are few options that can make a significant contribution to biofuel
uptake, because of the time required to introduce new biofuel-vehicle options. However, by 2030,
new options, notably, E20 and drop-in fuels (besides HVO), can make a material difference.
This analysis was then fed into the overall process for identifying the most suitable components of a
roadmap for liquid biofuels to 2030 and beyond (see Figure 17).

Figure 17: Process used for identifying components of the roadmap
15

Note that although biogas is clearly identified as a fuel that should be part of any future biofuel roadmap, it is
not considered in more detail here as the scope of this study was only focused on liquid transport biofuels.

Table 1 provides a high level summary of the key elements of the roadmap, and Figure 18
summarises the timing of the introduction of the different components.

15

Biogas represents biomethane from anaerobic digestion for 1G fuels and from gasification + synthetic natural
gas synthesis (SNG) for 2G fuels when mentioned in the report
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Table 1: Summary of different components of the roadmap

Figure 18: Roadmap components

5.2 Key biofuel-vehicle components of the roadmap
The analysis described above explains the process of identifying the most suitable biofuel-vehicle
components for a liquid biofuel strategy to 2030 and beyond. This section describes in more detail
the challenges and actions for realising the roadmap.

5.2.1 E10
E10 is the current gasoline vehicle blend wall and all new gasoline vehicles sold in the EU are E10
tolerant – indeed, many have been since the early 1990s. The latest update of the EN228 standard
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provides the gasoline specification, with which E10, MTBE22, ETBE22 and Bu15 blends are compliant.
If biomass-derived isobutanol were used to produce ETBE it could be considered a 100% biocomponent, however the implications on fuel cost to consumers would need to be considered.
To 2020, introducing E10 across the EU and achieving increased customer acceptance will represent
the greatest contribution to increasing biofuel uptake on the gasoline side.
Some vehicles, specifically cars with early gasoline direct injection systems, were not E10 tolerant
until after 2006. There will therefore remain a need for a protection grade E5 fuel, widely available at
first, but potentially restricted to fewer, major forecourts later as the vehicles age and become fewer
in number, as was the case for Lead Replacement Gasoline in the 1990s.
It is reasonable to assume that classic vehicles (old-timers, with carburettor engines) will experience
periodic refurbishment enabling them to be made tolerant to E10, as was the case with the removal
of lead from gasoline. This may involve engine tuning and modifications to fuel system materials - in
the latter case it is important that after-market or replacement parts are clearly marked as E10
tolerant.

5.2.2 E20
Although E20 is identified as a desirable component of the roadmap, the route to its introduction is
not straightforward and requires careful analysis. The main reason for this is that without any
concerted action promoting accelerated uptake, the current timescales for introducing fuel
standards and compliant vehicles would mean that E20 would not be introduced as a mass blend fuel
before 2030.
There are four items that are required for E20 introduction. These are listed below, together with
their implications for timing:
1. Continued introduction of E20 tolerant vehicles: To ensure that there is maximum
penetration of E20 tolerant vehicles by 2025, it is important to ensure the continued and
accelerated introduction of E20 tolerant vehicles on the market, even in the absence of a fuel
standard.
2. An E20 fuel standard: The fuel standard (for both the EN standard and certification fuels)
needs to be in place before vehicle manufacturers can start ensuring the cars they develop
are compliant with that fuel specification. Based on how long it has taken to develop these
standards previously, it is assumed that the soonest the fuel standard could be in place
would be 2016, if development started in 2013
3. Introduction of E20 compliant vehicles: Based on the fuel standard being in place by 2016,
E20 homologated vehicles could start being introduced in 2018 (following two years of
testing and homologation), and reach 11 and 71 million vehicle stock (8% and 58% of
gasoline fleet) in 2020 and 2030, respectively. This assumes a vehicle replacement rate of
6.1%, which is typical historically.
4. The introduction of E20 as a base blend: For E20 to make a material contribution it needs to
be introduced as a non-premium fuel, and its introduction will require that a sufficiently high
share of gasoline vehicles is able to refuel on it. Ideally, the share of compatible vehicles
should be at least 80%. The reason for this is that any consumer that could not refuel on E20
would either need to move to the protection grade premium fuel or incur some costs or
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inconvenience associated with making his vehicle E20 tolerant. As shown below in Figure 19,
this will not happen until after 2030 if E20 compliant vehicles are introduced in 2018 and
only E20 compliant vehicles are considered capable of using E20. In which case this roadmap
component would not make a contribution within the 2030 timeframe. However, this
roadmap proposes the introduction of E20 in 2025 when the combined share of compliant
and tolerant vehicles is higher than just the compliant share, but still below 80% (see Figure
21), by starting the roll out of E20 in those regions where more than 3 grades are available at
the pump. By starting in these regions, this would avoid obliging a more significant
proportion of owners of non-E20 tolerant vehicles to use the more expensive premium fuel.

Figure 19: Penetration of E20 vehicles in the PC fleet does not reach 80% before 2030

Figure 20 below shows a difference in emissions savings of 4.3 M tonnes CO2/yr in 2030 by
introducing E20 in 2025 as opposed to post 2030. Furthermore, developing E20 compliant vehicles
remains an interesting option if in the future there is a shift to gasoline or a big role for gasoline plugin hybrids.

Figure 20: Difference in overall emissions savings resulting from a 2025 or post-2030 introduction of E20
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These timelines have been explored further to understand whether the introduction of E20 could
feasibly be brought forward to 2025:
1. E20 compliant or tolerant vehicles
•

Based on our models, by 2025, E20 compliant vehicles (i.e. vehicles that have been
designed with knowledge of the E20 fuel standard) will only represent 35% of the
gasoline PC fleet.

•

However, there is a difference between E20 compliant and tolerant vehicles. E20
tolerant vehicles (meaning, vehicles homologated on E5 fuel, but capable of
withstanding 20% ethanol content without suffering corrosive / chemical attack or
malfunction of air-fuel ratio control) are already being introduced onto the market
with some vehicle suppliers expecting that soon all their new vehicles will be E20
tolerant. These vehicles are not E20 compliant because the E20 fuel standard does
not yet exist, and how they perform on a future E20 fuel depends on its standard. If
an E20 fuel is introduced with a higher octane number, these vehicles are unlikely to
take full advantage of it, but would not suffer degradation in efficiency compared to
operation on E5 or E10 fuel; tail-pipe or evaporative emissions when using the new
E20 fuel could however exceed the standards to which the vehicles were
homologated. This is not likely to have a significant impact on real-world air quality,
provided that the issue is borne in mind when developing the E20 fuel standard. The
reason for this is that if the E20 standard will be developed in such a way that an E20
tolerant vehicle will comply with the relevant standards.

•

Based on an assumption that first E20 tolerant vehicles were introduced in 2011, and
assuming that by 2016 all new gasoline vehicle sales are E20 tolerant, the E20
tolerant and compliant share of the gasoline fleet will be 62% by 2025 and 80% by
2030 (see Figure 21). This level of E20 vehicles is much higher and makes the case for
an E20 introduction in 2025 much more realistic, although even greater penetration
of vehicles is needed and so other measures could be adopted to accelerate the
growth of E20 tolerant and compliant vehicles.
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Figure 21: Gasoline passenger car fleet development when E20 tolerant vehicles are
introduced in 2011 compared to E20 compliant vehicle introduction in 2018

2. E20 fuel infrastructure and uptake
•

E20 is then assumed to become available as a non-premium fuel at refuelling
stations in 2025 in conjunction with E5 phase out. The fuel would first be made
available at refuelling stations offering 3 or more grades of gasoline fuel (e.g. in
France and Germany) before introduction at refuelling stations offering just 2 grades
of gasoline, so that remaining owners of non-E20 tolerant vehicles are not obliged to
the more expensive premium fuel. The roadmap would see maximum uptake of E20
by refuelling stations offering 2 or more grades of gasoline fuel within 5 years

•

However, consumer refuelling habits and acceptance limit the modelled maximum
uptake of the E20 fleet to an average blend of 16.6% ethanol upon completion of the
blend introduction in 2030

•

E20 compliant vehicle introduction in 2018 ramps up ethanol uptake capacity to 5.8
– 6.5 Mtoe in 2030 (9.9% - 11.1% of total gasoline demand)

•

E20 tolerant vehicle introduction from 2011, complemented by E20 compliant
vehicle introduction from 2018, ramps up ethanol uptake capacity to 6.4 – 7.0 Mtoe
in 2030 (10.9% – 12.1% of gasoline demand)
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Figure 22: Additional ethanol uptake by E20 PC fleet considering E20 tolerant vehicle introduction from 2011

3. E20 fuel standard and labelling
•

An E20 fuel standard needs to be available by 2016 and should be designed to
maximise E20 tolerance by E10 vehicles sold in recent years.

•

The standard should require improved combustion stability and emission behaviour.
For example, vapour pressure should be tightly controlled at high temperatures, to
reduce problems such as vapour lock, or excessive evaporative emissions, and at low
temperatures, to ensure ease of starting and good warm-up performance. Vapour
pressure control will ensure the volatility of the gasoline-ethanol blend is optimised,
which is critical to the operation of spark-ignition engines, both in terms of
performance and emissions.

•

Labelling of E20 fuel will need to be carefully designed to distinguish it from the
protection grade, building on E10 introduction experience

Additional measures that could result in an increase in E20 uptake or help achieve a successful
2025 introduction are summarised below. However, these measures would require further
investigation to explore their feasibility, and in some cases the cost may be prohibitive:







Earliest possible introduction of an E20 standard and compliant vehicles, by fast-tracking the
specification process and sharing information with manufacturers as soon as a firm draft
standard exists
Conversion of existing E10 tolerant vehicles to make them E20 tolerant through, for example,
dealer-fitted upgrades to engine mapping, and possibly hardware upgrades (the challenges in
this approach should be noted, as contemporary vehicles are much more complex than the
older cars that were adjusted for unleaded-fuel compatibility in the late 1980s)
Accelerated E5 and E10 vehicle replacement by E20 vehicles through new car sales incentives
Smart pumps (perhaps using license-plate recognition) that can blend ethanol and gasoline
at the pump so that any E20 vehicles can get E20 fuel as soon as the smart pump system has
been rolled out

5.2.3 B7
Meeting the B7 blend wall across the EU is a major component of the roadmap. Unlike the case for
gasoline engines, older diesel vehicles are often compatible with higher biodiesel blends. However,
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the introduction of stricter emission controls means that, from the Euro V standard onwards, B7 is
the current blend wall across different vehicle types. The EN590 diesel standard allows bio-content
(assumed FAME) up to B7. All current diesel vehicles sold are B7 tolerant, and refinery, fuel
distribution and refuelling infrastructure is also B7 compatible. Notwithstanding the emission control
challenge, it is unlikely that it will be possible to go beyond the B7 blend wall, unless the tightness
projected in the vegetable oils market can be eased by the kinds of measures outlined in section 7.2,
or the development and deployment of alternative sources of oils, such as microbial or microalgal
oils is successful and can be accelerated. In time FAME could be displaced by HVO.

5.2.4 Drop-in fuels
Drop-in fuels are complementary to non-drop-in fuels in the near term, as together they will enable
more emissions savings, but in the longer term present significant advantages in terms of potential,
infrastructure and vehicle integration. In addition, there is greater scope for using non-crop based
feedstocks, such as wastes and residues. While HVO plant build could be rapid as the technology is
commercially available, other drop-in technologies are at earlier stages of development and
deployment and require commercialisation support.
Overall, drop-in fuels could contribute around 7.8 Mtoe (30% of total biofuel uptake) to the road
transport sector in 2030. The contribution could be greater, up to about 13 Mtoe (50% of total
biofuel uptake), if the development and deployment of the technologies is accelerated and a
conducive policy framework is in place. Ramping up production in the EU will require long-term
targets and stable funding programmes to meet these targets. Drop-in diesel is the most interesting
option because of the EU long-term heavy reliance on diesel fuel and its dependency on diesel
imports, though the picture is different in the US where most 2G biofuel activity is happening.
Efforts to develop drop-in fuels from non-food based feedstocks will be crucial for accelerating
biofuel penetration post-2020. Stronger support is required to ensure that they can play a significant
role in reducing lifecycle vehicle emissions to 2030.
HVO and co-processing at refineries
HVO supply to the EU is estimated to grow from 2.6Mtoe in 2012 to 3.5Mtoe in 2020 and 4.7-5.9
Mtoe in 203016. The increase in supply is largely based on vegetable oils and waste oil and fats,
however microbial oils and algal oils could start being used in material volumes by 2030 and provide
a potential option for future growth of this route. An additional benefit of HVO is its lower particulate
emissions in current vehicles relative to fossil fuels.
Co-processing at certain refineries could displace or add additional HVO production as a relatively
quick and low capital route to increasing biofuel supply. However, there are barriers to the
introduction of co-processed HVO in Europe. These include a negative impact on refinery margins
due to reduced utilisation of some refinery equipment, the necessary investment required to modify
hydrotreaters to allow a higher co-feed share and existing petrochemicals contracts. One supply
scenario assumes co-feed HVO in addition to dedicated HVO capacity (co-feed HVO: 1.7 Mtoe in 2020
and 5.8 Mtoe in 2030).

16

Of this a 20% share is assumed to go to aviation.
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A share of HVO production could provide a drop-in gasoline substitute as a by-product. However, it
has been assumed that HVO plants will be designed to produce diesel and potentially jet fuel as
preferred products in the EU.
Other thermochemical and microbial routes
There are a number of thermochemical options besides HVO for producing drop-in fuels.
Development and deployment of these routes will be gradual due to the capital intensity and
economies of scale of such technologies. Similarly to HVO, these alternative thermochemical routes
could produce gasoline fractions, but it has been assumed that they will be designed to produce
diesel and potentially jet fuel as preferred products in the EU. Thermochemical routes could
contribute around 0.4 Mtoe by 2020 and 1.0-2.6 Mtoe drop-in diesel supply to the EU by 2030, based
on current activities and trends. Biomass-based FT processes are thought to be the frontrunners in
terms of commercialisation, but other processes such as pyrolysis oil upgrading, aqueous phase
reforming could also contribute. Strong commercialisation and policy support could lead to
production levels beyond those estimated in this study.
Microbial routes to converting sugars to diesel are at the early demonstration stage, but the routes
can produce higher value added products than fuels which could slow deployment for fuel. Microbial
routes could also be developed for drop-in gasoline production, but focus so far has been on diesel
displacements. Based on current activities, these routes are only expected to make relatively minor
contribution to EU biofuel supply in 2030. However, if proved successful, deployment of these routes
could be significantly accelerated, and make use of a wide range of feedstocks from which sugars can
be derived.

5.2.5 The role of niche fuels
ED95
ED95 vehicles could play a role in certain segments and locations. One of the benefits of this fuel is
that it has been found to produce lower emissions of particulates, NOx and hydrocarbons compared
to diesel fuel, in Euro V or earlier vehicles. ED95 consists of 95% pure ethanol with the addition of an
ignition improver, lubricant and corrosion protection. An ED95 fuel standard already exists in
Sweden, where it is currently distributed for bus fleets. However, there remains concern in parts of
the industry over safety and damage to vehicle parts.
Approximately 1000 ED95 HDV buses and trucks were on the road in 2010. Their stock may reach
respectively 10,000 and 20,000 vehicles by 2020 and 2030 (resp. 0.2% and 0.3% of the HDV fleet).
Vehicles running on ED95 have a dedicated diesel-type engine, which means that ED95 HDVs can
only run on ED95. Unless there is a substantial political push for more investment in both vehicle
products and infrastructure, ED95 is likely to remain a fuel dedicated to captive fleets, and would not
become available at public forecourts.
E85
E85 vehicles could play a role in certain locations where infrastructure and incentives allow. E85
vehicles are so-called flex-fuel vehicles that can run on any bioethanol blend, ranging from pure
gasoline to E85. About 270,000 FFV PCs were on the road in 2010 and with continued growth they
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may reach a stock of respectively 0.8 and 2.7 million vehicles in 2020 and 2030 (0.3% and 0.9% of the
PC fleet).
Given that E85 is a third gasoline fuel grade (currently alongside E5 and E10, later alongside E10 and
E20), it can only be offered in forecourts with at least 5, if not 6, tanks. This is likely to represent a
barrier for a widespread adoption of FFV vehicles, and hence for E85 uptake.
B30
B30 use could grow in dedicated fleets. HDVs up to generation Euro IV (in certain cases even Euro V)
are tolerant to B30. This means that a large share of the existing truck fleet could, in principle, uptake
B30. If made available, B30-tolerant trucks with Euro VI engines could reach a stock of 3.4 million
vehicles in 2030, corresponding to 51% of HDV fleet. However, due to the requirement of universal
fuel type approval for Euro VI vehicles, B0-B30 compatibility will result in higher vehicle cost and
potential disadvantages in terms of fuel economy, limiting their sales. Although a large share of the
trucks on the road today would be tolerant to B30 if the fuel was made available, most future new
trucks (with Euro VI engines) would not. This could hinder further B30 adoption in captive fleets.
In addition, B30 could only be available at forecourts with more than 4 or 5 tanks, to avoid
competition with other fuel in smaller forecourts. Furthermore, a B30 fuel standard would need to
be available by 2015 to ensure commercialisation of vehicles by 2020.
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6 Biofuel uptake to 2030
6.1 Vehicle fleet
The passenger car fleet evolution with E20 and B7 blend wall vehicles is shown in Figure 23 (for
scenario C as example). The fleet evolution for other vehicle categories can be found in (Appendix C).

Figure 23: Passenger car fleet evolution - scenario C
(E20 tolerant vehicles from 2011 and E20 compliant vehicles from 2018)

Up to 2011, total gasoline, diesel and alternative fuel vehicle (AFV) fleet data is derived from
Eurostat17. The first new E10 tolerant vehicles were introduced in 1992 and all new sales are
assumed to be E10 tolerant from 2005 onwards. E20 tolerant vehicles have been sold by some
vehicle manufacturers since 2011 and all new sales are assumed to be E20 tolerant from 2016
onwards, with E20 compliant vehicles introduced in 2018 and all new sales assumed to be E20
compliant in 2021. Due to the vehicle turnover rate and lifetime of vehicles, it takes about 10 years
between the introduction of the first E20 tolerant vehicles and a 50% on-road E20 tolerant vehicle
share in the gasoline fleet.18 All diesel vehicles are at least B7 tolerant from 1990 onwards and their
share in the total passenger car fleet grows from 19% in 1990 to 37% in 2010 and 46% in 2020 (a
simple function of dieselisation, rather than bio-compatibility) before it starts to decline to 43% in
2030 when AFVs gain significant market share.

6.2 Uptake capacity
Based on projections for the number of E20 and B7 tolerant and compliant vehicles and their fuel
demand, a maximum non drop-in biofuel uptake capacity can be calculated. Reaching the maximum
non drop-in biofuel uptake capacity is hampered by the following three constraints:
17

Road transport equipment - Stock of vehicles. Available from:
http://epp.eurostat.ec.europa.eu/portal/page/portal/statistics/search_database
18
It is not until a high proportion (e.g. 70%+) of vehicles are E20 tolerant that fuel suppliers with 2 pumps at
the forecourt can switch to a higher E-fuel grade; Switching too early will result in forcing too large a
proportion of vehicle owners to have to switch to the premium (protection) grade, at a higher price, which is
likely to result in consumer backlash.
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1. Availability of the biofuel blends at forecourts: New biofuel blends will only be introduced
if the uptake capacity of the fleet is of sufficient size. Hence it will take several years before
their uptake capacity can be utilised. E10 fuel has been introduced in 2009 (in France) and
is expected to reach maximum availability at EU forecourts by 2020. If E20 is introduced in
2025 replacing the E5 protection grade, it could at the earliest reach maximum availability
in 2030. No more than 2 mass biofuel blends per liquid fuel type (a protection and a
premium grade) are assumed to be available at any point in time. Maximum availability of
the high ethanol blends will not be 100% because not all fuel stations have sufficient tanks.
So whenever there are two different biofuel blends of the same liquid fuel (i.e. diesel or
gasoline), it is assumed that the protection grade is used at these forecourts. As a result,
maximum availability of the highest ethanol blend is limited to forecourts that together
represent 82% of the gasoline volume sold.
2. Customer acceptance: Some customers may decide for various reasons to refuel with the
protection grade instead of the high biofuel blend, even though their vehicle could accept
the high blend and the high blend is available when they refuel. For the E10 and E20 blends
it is assumed that 20% of consumers refuel with the protection grade even though the high
ethanol blend is available and their vehicle compatible.
3. Available biofuel supply: The amount of biofuel available for consumption in the EU is
constrained, as could be the case for FAME.
Taking into consideration the first two constraints (forecourt availability and customer acceptance),
results in the non drop-in biofuel uptake capacity shown in Figure 24.

Figure 24: Non drop-in biofuel uptake capacity as part of total road transport energy demand
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For FAME the maximum uptake, 11 Mtoe in 2020 and 9.8 – 10.6 Mtoe in 2030, equals the FAME
uptake capacity because B7 is the only available diesel grade and its availability reaches 100%,
possibly by 2017. The ethanol uptake capacity is 3.9 Mtoe in 2020 and goes up to 6.4 – 7.0 Mtoe in
2030. This is lower than the maximum uptake capacity because of the aforementioned availability at
forecourts and customer acceptance constraints. The average blend on which the E10 and E20
tolerant or compliant vehicles run is 8.3% in 2020 and the average blend on which the E20 fleet runs
in 2030 is 16.6%.

6.3 Modelled biofuel use
The biofuel uptake capacity (shown in Figure 24) will only materialise if sufficient biofuel can be
supplied. Comparison of the biofuel uptake capacity with the available biofuel supply in 2020 and
2030 (presented in section 3) shows that there is sufficient supply of non drop-in biofuels, with the
exception of FAME in all scenarios in 2020 and FAME in two of the four scenarios in 2030. Figure 25
shows modelled biofuel use based on the biofuel uptake capacity and available biofuel supply.

Figure 25: Modelled biofuel use in 2020 and 2030 based on maximum uptake capacity
and available biofuel supply.
Values indicate modelled biofuel use and are constrained either by fuel availability (drop-in gasoline, drop-in
diesel, biogas, butanol and biodiesel – except biodiesel in 2030 in scenarios B and D) or by uptake capacity of
the fleet (ethanol in all scenarios and biodiesel in 2030 in scenarios A and C). The error bars indicate the biofuel
uptake range represented by the 4 scenarios. [NDI: Non drop-in, DI: Drop-in].

The volume and energy substitution values in Figure 25 refer to the sum of gasoline substitutes in
total gasoline demand, the sum of diesel substitutes in total diesel demand and biogas in total LNG
and CNG demand. From the modelled biofuel use we can calculate the biofuels’ contribution to the
RED and the FQD targets. This is discussed in chapter 7.2.
The contribution of biofuels could almost double by 2030. This is due to additional supply being
available, (as a result of the increase in 2G fuels and improvements in yield and land area relative to
increases in demand for food/feed) but also the increase in the blend wall between 2020 and 2030
(in 2020, E10 is the maximum blend wall but by 2030, E20 has been introduced). Similar to 2020,
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diesel substitutes contribute to a larger extent than gasoline substitutes to the RED as a result of
continued diesel dominance and the ethanol / oxygenate blend wall. The absolute and relative
contribution of 2G fuels grows to 2030 as they represent around 9-21% of diesel substitutes and 1621% of gasoline substitutes.
Figure 26 shows the modelled biofuel penetration in transport fuel in 2030. It should be noted that
the biofuel quantities modelled to be used in other non-road transport sectors could be allocated
differently i.e. could be diverted to road transport fuels.

Figure 26: Percentage contribution of biofuels to transport energy in 2030.

Biofuel use could result in 7.6 to 8.1% GHG savings in road transport in 2030 (see Figure 27). Note
that some biofuels are assumed to be used in other transport sectors (see Figure 26). Available
supply could be reallocated differently between the road, rail, aviation, inland shipping and off-road
sectors.
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19

Figure 27: Percentage contribution of biofuels to GHG savings in 2030 .

In summary, the roadmap could lead to an energy share of biofuels in road transport of 5.8-6.3% by
2020 and 10.6-11.8% by 2030, and GHG emissions savings of ~4% in 2020 and ~8% by 2030. The
overall biofuel contribution to transport (i.e. including non-road transport sectors) would be higher,
of the order of 6.7 – 7% by 2020 and 12 -15% by 2030. If the additional biofuel were not used in the
non-road transport sector, it could be diverted to road transport. 2G fuels would represent 9-21% of
diesel substitutes and 16-21% of gasoline substitutes by 2030.

19

The assumed GHG emissions associated with biofuels are described in detail in appendix B to this report and
do not include the emissions associated with indirect land use change impacts
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7 Implications of the roadmap
7.1 Characteristics of biofuel supply
For the gasoline non drop-in biofuels (i.e. ethanol and butanol), it is estimated there will be sufficient
biofuel available to meet the proposed 2020 and 2030 blend walls, based on historic levels of
industry growth. The merit order based on production costs described in section 3.3 provides a
ranking of the most cost-effective biofuels. The following feedstocks dominate 1G ethanol and
butanol production to 203020:





Corn, sugarbeet and wheat from the EU.
Imports of grains (wheat and barley) from the Ukraine and CIS
Sugarcane and sweet sorghum from Brazil and Latin America
Sugar cane from South Africa and cassava from South East Asia (only by 2030)

For diesel 1G biodiesel (i.e. FAME and HVO from conventional or waste oil and fat feedstocks), all the
available supply modelled is taken up and indeed there is insufficient supply to meet the B7 blend
wall proposed in 2020, and two of the four scenarios in 2030. As such, all the available supply is used
and the feedstocks used are very diverse:







Tallow, UCO, rapeseed, sunflower and camelina from the EU
Palm from Central/West Africa, South America, South East Asia
Soy from Brazil, Argentina and the US
Sunflower, rapeseed and camelina from the Ukraine and CIS
Rapeseed from Canada
Algal oils from the Middle East and North Africa, US and Oceania (in 2030)

This study has shown that butanol could play a significant role in overall biofuel supply to 2030.
Butanol contributes 1.7 – 3.3 Mtoe in 2030, representing 6-11% of total biofuel use. The contribution
to biofuel use in 2020 is at 0.3 – 0.5 Mtoe rather limited. If the ramp-up of butanol plants or the
modification of existing ethanol plants would not take place as projected in this study the feedstock
used for butanol could be used for ethanol. However, this would reduce the overall uptake of
gasoline substitutes due to the lower oxygenate levels of butanol.

7.2 Meeting the RED and FQD objectives
Based on the selected roadmap, it is estimated that biofuels could contribute 8.2-8.8% of the 10%
RED renewable fuels target (on an energy basis) in 2020. The uptake of E10 (i.e. fuel roll-out and
customer acceptance) restricts the contribution that ethanol can make, and the availability of
vegetable oils restricts the contribution that FAME and HVO can make to 2020.

20

See section 1.7 of Appendix B
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Figure 28: Percentage contribution of biofuels in transport energy in 2020 under the RED.
Note: Biofuels could be reallocated differently between the sectors (road, rail etc, compared
with the assumptions here). This figure only shows biofuel contributions to transport
(i.e. no electric or hydrogen vehicles are shown).
*This represents the calculated total amount of biofuels used in transport that are eligible for double counting.

The scenarios vary little as there is overall little scope for dramatic changes to 2020 and
counteracting factors also balance each other out in different scenarios e.g. higher supply but more
domestic demand in exporting countries. Scenario A has the highest contribution due to assumed
lower domestic demand for biofuels in the key exporting countries such as Brazil or Argentina.
Diesel substitutes contribute to a larger extent than gasoline substitutes to the RED as a result of
diesel dominance, the ethanol blend wall and E10 deployment time. 2G fuels make a minor
contribution as they represent around 4-7% of diesel substitutes and around 15% of gasoline
substitutes.
There is potential to increase the contribution of biofuels to the RED target, and beyond to 2030, by
addressing the two factors restricting overall biofuel consumption:
1. Ethanol blend wall
Although there is an ethanol blend wall of 10% ethanol volume in gasoline, which cannot be
exceeded in the 2020 timeframe, there are other issues associated with this blend wall which
could be explored to increase overall ethanol uptake. These issues are (i) customer
acceptance of the fuel and (ii) availability of the fuel at the forecourts. The assumptions
made in this study are that only 80% of consumers who could use E10 will use it and that by
2020, the E10 blend is available at forecourts that together represent 82% of the gasoline
sales. Availability of E10 at forecourts is constrained by small stations that only have the E5
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base grade. Actions to improve customer acceptance and accelerate fuel availability at
refuelling stations would increase the overall contribution of ethanol to the 2020 RED target.
2. Availability of vegetable oils
On the biodiesel side, supply is restricted by vegetable oil availability in 2020. Based on the
modelling of vegetable oil supply, the B7 blend will not be met in each of the four scenarios,
with a gap ranging from 3.4-6.0 Mtoe of vegetable oil.
An increase in vegetable oil availability above that modelled in this study that was sufficient
to meet the B7 gap, or provide an equivalent amount of HVO, can be identified by exploring
the key parameters and assumptions made in calculating available supply, such as:
-

-

Land area: If vegetable oil feedstocks could be grown on types of land not typically
used for growing crops, e.g. degraded land provided it was economic to do so, supply
could potentially be increased
Yield: Improvements in yields above those included in this study through concerted
yield improvement programmes, e.g. switching to better yielding varieties
GHG emissions: Improving the GHG emissions of the feedstocks so that a greater
proportion could meet the RED GHG savings thresholds
Policies or actions to encourage these activities could potentially result in reducing
the B7 supply gap or increasing the production of HVO.

If the B7 supply gap could be filled (with either FAME or an equivalent volume of HVO) the
contribution of FAME and HVO to the 10% RED target could be ~6%.
Regarding the Fuel Quality Directive (FQD) target, it is estimated based on the selected
roadmap that biofuels could contribute two thirds of the 6% GHG emissions savings target21
(see Figure 29). As shown in Figure 27 the contribution of biofuels to GHG emissions savings
of the transport sector in 2030 could double to almost 8%.
Similar to the RED contribution of biofuels, diesel substitutes contribute the lion share (~3%)
and gasoline substitutes almost 1% to the FQD target. The reasons for the higher
contribution of diesel substitutes are elaborated below Figure 28.
The measures discussed above regarding increased ethanol uptake and higher vegetable oil
supply could increase the contribution of biofuels to the FQD target above 4%. In addition, as
the GHG emissions of biofuels are based on marginal improvements on existing typical values
in the RED there is potential for improvements through measures such as yield
improvements, higher conversion efficiencies etc. These could potentially increase the
contribution of biofuels to the FQD further than shown in Figure 29.

21

On an energy basis
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Figure 29: Contribution of biofuels to FQD target in 2020

7.3 Sustainability of the fuels
Sustainability issues are taken into consideration in two ways in the biofuel supply modelling in this
study (more details are available in appendix B to this study):
1. The application of the existing RED GHG emissions threshold, (modelled as 50% savings in
2020 and 60% in 2030). The same threshold is applied in each of the four scenarios.
2. An environmental constraint which varies between the different scenarios. This
environmental constraint is a combination of a physical water constraint (where applied this
constraint typically assumes a ~10% lower growth in crops in regions likely to be affected by
physical water scarcity) and a “conservation policy” constraint that restricts the amount of
land that can be used for crops by 10%.
The required land area associated with the amount of biofuels modelled in this study is between 1014Mha. Knowing the type of land that is used to grow this feedstock is crucial to understanding how
“sustainable” it is. The RED excludes biofuel from feedstocks grown on land with high carbon stock or
high biodiversity value. However, if it is grown on existing cropland, it could cause ILUC impacts.
Alternatively, it may be considered whether it could be grown on degraded land (if it may be
rehabilitated to be suitable for agriculture), land with low carbon stocks or biodiversity value or
previously cultivated land, as the ILUC and GHG emissions impacts of using these types of land are
significantly lower. These latter categories of land could represent a significant area, for example the
National Confederation of Agriculture estimates that 40% of the 140mha of pasture in Brazil are
degraded and IIASA22 estimates that in Indonesia there is 8Mha of imperata23 grassland.

22

IIASA (2009) Biofuels and food security
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However, it is not possible to say that these measures alone will result in a sustainable supply of
biofuel. There are other sustainability issues that this modelling approach cannot take into
consideration in calculating biofuel supply, such as the proportion of biofuels that will cause indirect
land use change (ILUC) and the extent to which they do so24. There is not yet an agreed approach for
calculating whether biofuel GHG emissions, including ILUC impacts, still result in emissions savings
relative to fossil fuels. This is important because if they go unchecked these additional emissions
could outweigh the emissions savings associated with using biofuels.
Therefore, despite the fact that quantifying ILUC impacts is extremely difficult and subject to much
debate (because it is not possible to observe ILUC and therefore test and validate the different
approaches), this report recognises that additional actions are required to minimise the risk of the
ILUC impacts that biofuels may cause. The extent to which policy can address these issues is
discussed in detail in section 8.

7.4 Implications for different stakeholders
The roadmap will affect and require change and actions on the part of different stakeholders. It is
critical that such change and actions occur in a concerted and harmonised way as far as possible. The
following table outlines the changes, required actions and implications for the different groups of
stakeholders associated with the roadmap outlined in the previous section.
Table 2: Changes, actions and implications for different stakeholder groups
Changes
Vehicle manufacturers
• Diesel vehicles: no change to
B7 blend wall, except for
specific ED95 or B30 niches
• Gasoline vehicles: introduce
E20 compliant vehicles in all
EU markets from 2018. Flex
fuel vehicles only in specific
applications
• Ensure compatibility of
vehicles with drop-in biofuels

Required actions

Implications

• Accelerate E10 introduction in
concerted action with fuel
companies
• Work on E20 fuel standard for EU
(also considering ETBE & butanol)
• Develop, test and introduce E20
compliant vehicles
• Develop position on E20-tolerance
of existing vehicles
• Clearly indicate the fuel
compatibility of the vehicle to the
customer
• Prepare for butanol and other
biocomponents in discussion with
fuel companies
• Testing of drop-in biofuels

• Additional costs for product
engineering
• Effort in standard
development and vehicle
testing
• Continuing need to work
closely with fuel companies on
market and test fuel
specifications, compatibility,
market introduction and
customer communication
• Support to drop-in (diesel)
technologies

23

Imperata is a grass that takes hold after forests are burned and cleared and is very flammable. As a result of
successive fires, it can prevents natural regeneration of forest and result in the abandonment of land.
However, many imperata grasslands have been successfully converted into agriculture.
24
The additional production of biomass feedstocks to replace products diverted to biofuel production from
other markets may indirectly result in the expansion of agricultural land at the expense of other land uses.
This is effect is described as Indirect Land Use Change (ILUC) and is of concern because of GHG emissions and
other environmental damage that it may cause.
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Changes
Biofuel producers
• Non drop-in diesel: no
significant change
• Drop-in diesel: ramp up within
feedstock & economic
constraints
• Non drop-in gasoline: increase
volumes in line with E10 now
& E20 from 2025
• Butanol: if technically proven
ramp up significantly by 2030
• Drop in gasoline: adopt as and
when available

Refiners, distributors, retailers
• Refiners: reduction in fossil
gasoline and possibly diesel
demand in EU; integration of
drop-in fuels; some coprocessing
• Distributors: need for
equipment to allow E10 and
E20 to co-exist, plus limited
amounts of E5; potential
butanol blending; increased
FAME blending to B7
• Retailers: switch from E5 to
E10 and introduce E20 in 2025

Required actions

Implications

• Secure sustainable feedstocks
• Adopt accepted processes to
verify sustainability, including ILUC
• Plan and execute investments in
production capacity in line with
market ability to uptake
• Collaborate with fuel blenders and
retailers about technical
compatibility of infrastructure and
its evolution; with auto companies
for fuel testing
• Continue to develop drop-in fuels
from sustainable feedstocks
• Pursue alignment of biofuels
policies at Member State level
• Collaborate with fuel and auto
companies on fuel quality
requirements
• Support fuel and vehicle industry
in addressing consumer
acceptance issues

• Policy certainty needed over
blending targets and
feedstock sustainability
• Planning for business growth
in context of the roadmap

• Maximise B7 uptake
• Define and execute E10 roll-out
strategy
• Ensure availability of tankage,
blending equipment and pumps
that are technically compatible
with E20 from 2025
• Define role for ETBE based on
infrastructure and fuel quality
benefits; consider as option to
increase renewable content of fuel
(bio-isobutanol)
• Support transition to
lignocellulosic ethanol and butanol
• Development of drop-in diesel
substitutes
• Develop joint undertaking (with
fuel companies and others) to
develop drop-in biocomponents
• Consider market opportunities for
pre-2025 E20 introduction
• Ensure that customers understand
which fuels their vehicles accept

• Erosion of gasoline margins
for refiners due to export of
surplus and vanishing export
possibilities outside EU
• Achieve transition with no
more than 2 gasoline and
diesel grades
• Cost of new equipment,
especially for small
independent retailers
• Support to drop-in (diesel)
technologies
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Changes
Consumers
• Diesel vehicle drivers: no
change
• Gasoline vehicle drivers
(2018+ vehicles): use highest E
number available for which
vehicle is compliant, unless
desire a ‘premium’ fuel (E10)
• Gasoline vehicle drivers (pre
2018 vehicles): use E10 unless
manufacturer says otherwise
• Old timer gasoline vehicle
drivers: not every filling
station will stock fuel (E5)
after 2025, but it will be
available

Required actions

Implications

• Check fuel compatibility with
vehicle manufacturer, or a
common database

• Consumers should receive
consistent messages from all
vehicle and fuel companies on
all areas of potential concern
• Vehicle performance and
warranties unchanged
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8 Policy recommendations
8.1 A 2030 cross-industry road transport GHG reduction target
This report recommends that a 2030 road transport GHG reduction target should be the core of the
EU’s 2030 sustainable transport strategy. This single target would provide a shared objective but
would be implemented by separate regulations directed to the different industries. The target should
be allocated between the two industries in an economically efficient way, while setting the industries
on a trajectory that meets long-term GHG reduction objectives. As such, this target would be
supported by three key policy areas: vehicles policy, vehicle energy infrastructure policy, and fuels
policy, as shown in Figure 30. This GHG target could be complemented by other mechanisms to
support other long term sustainable transport goals (e.g. energy security, air quality, sustainability,
employment, health, etc.) but these are not discussed here in more detail.

Figure 30: A 2030 EU road transport GHG reduction target as the core
of the EU's 2030 Sustainable Transport Strategy

The objectives of a single target are three-fold:
1. Provide a source-to-wheel target in line with overall EU GHG reduction needs
2. Provide long term clarity to enable investment
3. Stimulate fuel economy, alternative vehicles and fuels supply (including biofuels)
Such a target would also need to support other road transport environmental objectives and ensure
that consumer concerns are addressed.
It is also recommended that the introduction of such a cross-industry target should:






Be based on evidence of what could be achieved through fuel and vehicle measures
Require specified GHG reductions from vehicles and fuels
Be implemented via regulations on industry rather than a Directive to MSs, to ensure rapid
and efficient harmonisation across EU
Be accompanied by a dedicated programme to address consumer education and acceptance
Include a framework for the deployment of biofuels, including harmonising blend levels
across Europe and accelerating the introduction of E20
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8.2 A biofuels policy framework
The proposed 2030 road transport GHG reduction target should be supported by a biofuels policy
framework that:
1.
2.
3.
4.
5.
6.
7.

Supports the use of sustainable feedstocks
Supports the development and use of advanced biofuels25
Enables the introduction of E20
Supports global trade and avoids trade barriers
Considers current and future infrastructure
Considers fuel quality
Considers consumers

Furthermore, it is recommended that the definition of biofuels should be feedstock and technology
neutral, i.e. biofuels defined broadly in legislation as fuels produced from renewable organic matter,
not to exclude any biofuels a priori.

8.2.1 Sustainable feedstocks
It is recommended that a policy framework for sustainable feedstocks in 2030 should require
certification of biofuels at least in line with the existing RED feedstock sustainability requirements
and preferably refined as evidence on sustainability questions and practices evolves. At the time of
writing, consensus has not been reached by the European Institutions on the most suitable approach
to ensuring that the ILUC impacts caused by biofuels are minimal and this study has not explored the
relative merits of the different approaches being considered. It should be noted that depending on
the policy approach finally taken, the availability of compliant biofuels estimated in this study may be
reduced. It is therefore important that any new policy introduced provides clear support and/or
guidance as to how existing environmental goals can still be achieved but with stricter controls on
land-based biofuels. It will also be important to consider how the roadmap proposed in this study
could be implemented under the revised policy framework.
Furthermore, any long term policy (i.e. to 2030 and beyond) addressing ILUC should both encourage
positive practices and tackle negative land use impacts in the widest possible sense, i.e. not just
focusing on the regulation of biofuels, but looking beyond biofuels to vulnerable land protection in
general.
Broadly speaking, there are two approaches to minimising ILUC impacts:
1. Introduce policies that result in the use of biofuels with lower ILUC risk
2. Introduce ILUC mitigation actions
A well-targeted combination of these two approaches is likely to be most effective in reducing the
ILUC risk. However, the second approach is often forgotten or dismissed as too difficult, which is
problematic, because the first alone is not guaranteed to prevent ILUC impacts, neither does it
directly provide any protection for those vulnerable high carbon stock or biodiverse areas, which
could be enabled by improvements in planning and practices.
Actions to mitigate ILUC could involve the following two types of actions.
25

See section 8.2.2 for a definition of advanced biofuels
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1. Controlling the type and nature of land use change – these activities will be much more
effective as long term policies:
 Activities to directly protect high C stock areas, such as forest, peatland etc from all
types of land expansion. This could potentially be achieved through linking to
broader land protection activities such as UN-REDD+26. This action may not affect the
extent to which LUC would happen, but by protecting more high carbon stock areas,
it leads to lower GHG emissions from the LUC.
 Use lower C stock areas for biofuel feedstock cultivation by encouraging the use of
abandoned or degraded land that would not otherwise be used for crop cultivation.
 Implement land zoning – i.e. deploying strategies to ‘zone’ land according to land
type and use and defines where and what land use changes are permitted and where
existing land uses are to be protected. This could be combined with some kind of
matching between where arable land is in decline (or has already declined) and
where local economies would substantially benefit from bringing that land back into
production
 Ensure converted land remains productive by managing it well so that it does not
have to be abandoned after e.g. 30 years of cultivation; this will ensure that no other
land will have to be converted as a result of the degradation and abandonment of
converted land
2. Control factors that affect the extent of land use change
 Increase agricultural yields and/or agricultural intensification to increase the overall
productivity of existing agricultural land; this will result in less land being needed
overall for all uses.
 Improve supply chain efficiency through activities such as improved pest
management, better storage and transport logistics etc.
 Use co-products from the production of biofuels to replace other land based
products such as animal feed, thereby reducing the increase in land area required for
these other crops
 Integrate crop and livestock systems to increase land productivity. For example
introduce sugarcane production onto ranch land while maintaining existing levels of
milk or beef production by supplementing the animal’s feed with sugarcane residues
(thus the animals require less grazing area for the same level of productive output)27.

8.2.2 Advanced biofuels
An advanced biofuel is not currently defined within the RED or FQD, but a definition can be
developed from the October 2012 proposed amendments to the RED28. An advanced biofuel meets
26

REDD+ refers to the projects implemented under the UN programme for Reducing Emissions from
Deforestation and Forest Degradation and which also ensure consideration is given to conservation,
sustainable management of forests, enhancement of carbon stocks, as well as full engagement with and
respect for the rights of the indigenous communities.
27
Further details on this land displacement mitigation action can be found in the following report: Ecofys and
Winrock International (2009) “Mitigating indirect impacts of biofuel production– Case studies and
Methodology”. Available online: http://www.bioenergywiki.net/images/9/92/Ecofys_for_RFA.pdf
28
Proposal for Directive of the European parliament and of the Council amending Directive 98/70/EC relating
to the quality of petrol and diesel fuels and amending Directive 2009/28/EC on the promotion of the use of
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the sustainability criteria (including a 60% GHG emissions reduction), is not produced from food
crops (cereals and other starches, sugars and oil crops) and includes biofuels produced from the
wastes, residues and lignocellulosic feedstocks listed in Annex IX of the proposed amendment to the
RED29. Biofuels made from these types of feedstocks are desirable as they have minimal land use
impacts and make use of waste streams or otherwise underutilised resources and their use thereby
improves resource use efficiency. A biofuels policy framework that supports advanced biofuels
should:








Specify the share of emissions reductions that should come from advanced biofuels
Facilitate a stronger public-private partnership for the early deployment of advanced
biofuels in the EU:
 Develop a cross-industry road-map to 2030 in line with an advanced biofuels target
 Develop a funding programme building on the European Industrial Bioenergy
Initiative and various sources of funding available such as Cohesion and Structural
Funds and European Investment Bank funds
Provide additional initiatives at Member State level to encourage deployment, such as tax
breaks
Ensure there are no regulatory barriers to the sale of these advanced drop-in fuels in
different member states; policy should not primarily support the maximising of ethanol and
FAME blends with the use of drop-in fuels as a secondary goal, as a multi-pronged approach
will be needed to maximise cost-effective GHG emissions reductions from transport
Include a buy-out price to limit costs to the consumer, but which is high enough to
incentivise uptake of advanced biofuels

8.2.3 Introduction of E20
For E20, a new standard needs to be developed to allow the mass introduction of E20 in the 2025
timeframe. A mandate for the development of this standard needs to be developed immediately in
order that the standard can be in place in sufficient time to allow the development and penetration
of sufficient E20 tolerant and compliant vehicles to make E20 fuel introduction viable. This standard
should also specify the emission and technical requirements to guarantee the downward
compatibility of E20 in older vehicles. The need for and the key requirements of an E20 standard
could be included in the FQD as they are for E10; this would give industry certainty that E20 was
desirable by policy makers, and provide impetus for its introduction.
However, as noted in several places in this report, gasoline consumption in the EU is expected to
decrease in the future, and the increase in ethanol will contribute further to this reduction in
demand, which is an increasing problem for refiners as there are vanishing export markets for
energy from renewable sources. Available online at:
http://ec.europa.eu/clima/policies/transport/fuel/docs/com_2012_595_en.pdf
29
Proposal for a Directive of the European Parliament and of the Council amending Directive 98/70/EC relating
to the quality of petrol and diesel fuels and amending Directive 2009/28/EC on the promotion of the use of
energy from renewable sources. Available at:
http://ec.europa.eu/clima/policies/transport/fuel/docs/com_2012_595_en.pdf. Eligible feedstocks include
algae, biomass fraction of MSW and industrial waste, straw, animal manure and sludge, palm oil mill effluent
and empty palm fruit bunches, tall oil pitch, crude glycerine, bagasse, grape marcs and wine lees, nut shells,
husks, cobs, bark, branches, leaves, saw dust and cutter shavings.
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gasoline outside the EU. This is not an issue that is addressed in this report but should be addressed
at a transport energy systems level, as it is affected by a range of factors (e.g. future fuel
consumption, evolution of the share of gasoline and diesel vehicles, gasoline demand and production
outside the EU).

8.2.4 Support for global trade and avoidance of trade barriers
Imported biofuels or biofuels from imported feedstocks are expected to play a significant role in a
cost-effective biofuel contribution to meeting the EU’s renewable energy targets. Particularly in
relation to diesel substitutes, where there appears to be a potential restriction in availability of
vegetable oils for biofuel, the EU is going to be dependent on importing from a wide range of
different regions in order to meet its supply needs. In relation to gasoline substitutes, where there is
likely to be significantly more available supply than uptake potential, imports may often a costeffective option for meeting demand.

8.2.5 Infrastructure aspects
A framework on infrastructure and vehicles should be based on






a CEN mandate to develop an E20 (and equivalent oxygenate level) standard (for both the EN
standard and certification fuels) in 2013,
the development of robust CEN standards, and their revisions, to ensure that current or
future fuels and their biocomponents meet the quality or performance requirements needed
for current and future vehicle powertrain technology,
additional initiatives at MS level, such as new car sales incentives based on fuel economy /
CO2 and blend wall criteria, and
a coordinated auto-fuel initiative for the harmonisation of blend rates across Europe.

8.2.6 Fuel Quality
Ensuring consistent fuel quality is a pre-condition for higher blend rates to guarantee vehicle
compatibility. This is because increasing emission control requirements and engine efficiency result
in highly optimised combustion and catalysis systems that are less tolerant of variations in fuel
quality. In general, fuel quality and engine manufacturing should be developed side-by-side to enable
synergies in relation to efficiency improvements and future emissions reductions.
It is recommended that policy makers ensure that all biofuel on the market meets, as a minimum,
the quality requirements outlined below:





Additives must be compatible with engine oils, to prevent any increase in engine sludge or
deposits of varnish
Ash-forming components must not be added
Good housekeeping practices must be used throughout distribution to minimize
contamination from dust, water, different fuels and other sources of foreign matter
Pipeline corrosion inhibitors must not interfere with fuel quality, whether through
formulation or reaction with sodium

In addition, specific consideration should be given to maximising the opportunity to increase engine
efficiency and reduce emissions, by formulating the fuel to operate with state-of-the-art downsized
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engines, direct injection, advanced combustion and catalysis systems. The suppression of NOx
emission and fine particulate matter are of greatest importance.
Drop-in fuels can meet fuel quality requirements at higher blend levels than ethanol and FAME, and
in some cases can even improve the quality of (fossil) fuels compared to certain standards. These
issues should be taken into account when considering policy making.

8.2.7 Consumers aspects
A framework for consumer acceptance is required and should be based on:



harmonisation of consumer information on fuel quality and vehicle compatibility, as well as
on environmental, financial and safety aspects
a coordinated auto-fuel initiative in collaboration with DG SANCO, CEN and consumer groups
on consumer information and fuel labelling.

54

A harmonised Auto-Fuel biofuel roadmap for the EU to 2030

9 Next steps
Continued joint action will be needed from the auto and fuel industries as close co-operation will be
needed on many aspects of vehicle and fuel issues. This initiative, which brings together six auto and
fuel companies, serves as a good base for future collaboration on meeting the compressed
timescales required to achieve meaningful GHG emissions reductions.
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