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Executive summary

The overall objective of this study is to undertake an economic and environmental analysis of the
impact of increasing the limits of the bio-content of petrol and diesel imposed by the FQD, and beyond
2020.1 In particular, for specific biofuel blends identified in the study, the assessment considers both
their positive and negative impacts associated with:

= Biofuels policies, market capacity, distribution of fuels, availability and origin of bio-content;

= Vehicle technology, in particular engine efficiency, tail pipe emissions, biofuel compatibility and
fuel use in existing and future vehicle fleets and possible evolution of automotive technology;

= Air quality;
= Greenhouse gas emissions;
= Effect on the refinery sector; and

= Any impact on the current market shares of the fuel mix (diesel vs. petrol) and possible induced
changes in Europe.

The findings of this work will provide input to the Commission when considering implications of
increasing the bio-content level in transport fuels.?

The following presents a summary of the key findings from the study.

Biofuel policies and market capacity

Biofuel consumption is almost fully policy driven, with large variations between Member States

At the EU level, the main drivers are the Renewable Energy Directive (RED) and Fuel Quality Directive
(FQD). The RED sets a binding 10% target (energy content) for renewable energy in transport in
2020; the FQD sets a reduction target for the GHG intensity of fuels of 6%, in 2020. The FQD also
defines blending limits for FAME and ethanol (Chapter 1, Section 1.3.2.2), limiting the share of FAME
in diesel to 7 vol% (6.4% energy content) and the share of ethanol in petrol to 10 vol% (6.8% energy
content).® Both directives define sustainability criteria that biofuels have to meet to count towards both
targets, the RED furthermore regulates that biofuels from waste and residues count double towards
the 10% target. Recently, the Indirect Land Use Change (ILUC) Directive (Chapter 1, Section 1.3.2.3)
has been adopted by the Council at second reading and is likely to enter into force in late 2015. Under
this Directive there will be a cap on the contribution that biofuels from food crops and some energy
crops can make to targets in the RED at 7%* of transport energy. Member States will also be required
to set a target for advanced biofuels with a reference value of 0.5%. Furthermore, the multiplication
factors for electricity from renewable sources are increased, from 1 to 2.5 for the energy consumed in
electrified rail transport, and from 2.5 to 5 for renewable electricity use in road transport.

At the Member State level, by 2014, almost all, with the exception of Latvia, Cyprus and Estonia, had
implemented biofuel obligations (quotas) for fuel suppliers (Chapter 1, Section 1.3.3.1). However, the
level of these obligations varies significantly between countries, from an average target of less than
3% in Croatia and Greece, to 7% or higher in France, Poland and Slovenia. The majority of Member

1 Taking also into account certain recent policy developments such as the 2030 framework for climate and energy
policies including COM(2014) 15 final

2 The objective of the study in not an impact assessment or exploration of concrete alternative policy options but
an assessment of the implications of (hypothetical) changes to the blending limits in the current fuel specification

3 These limits are termed B7 and E10 respectively, with the letter referring to either biodiesel or ethanol and the
number referring to the vol% limits.

4 In the remainder of this document, all biofuel shares will be expressed in terms of energy content, unless
explicitly indicated (vol%, to indicate a share in volume)
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States are relying on blending or GHG reduction obligations to increase supply and demand of
biofuels to meet their 2020 targets. This has reduced the need to also provide financial incentives. As
such, only approximately half of EU Member States have implemented tax incentives (Chapter 1,
Section 1.3.3.2), which differ based on the blend type (e.g., six Member States offer incentives for
blends within the blending limit; while others focus on high blends), and incentive level.

There is still a lot of potential to further increase biofuel sales within the current blend limits
defined by the FQD (B7, E10)

The FQD blending limits have not been an issue in many Member States yet, as most biofuel
obligations are still below these limits (Chapter 1, Section 1.4.3.1). The average share of biodiesel in
diesel in 2013 was 5.2%, which is still well below the blend limit B7, which equates to 6.4% FAME in
energy content. However, this average encompasses Member States, such Austria, Bulgaria,
Denmark, France, Poland and Portugal, who already consume more biodiesel than B7, as well as
several Member States that can still add two or more percent of FAME to their diesel within the limit.
Consequently, biodiesel sales can be increased within the current blending limits. For ethanol, shares
are still relatively limited in almost all Member States. Currently, most Member States only have E5
petrol grades on their market; the average ethanol content in the EU is 3.4%, compared to the 6.8%
limit of E10. There is still a lot of potential to further increase ethanol sales within the current blending
limits, if all Member States would introduce E10. However, only three Member States (Finland, France
and Germany) have introduced it so far. To increase blending levels to FQD limits or introduce a new
higher blend such as E10, Member States will be required to provide additional incentives or to
increase the obligations (Chapter 1, Section 1.3.4.1).

Policy uncertainties result in a lack of clarity about how demand for biofuels will develop
throughout the EU until 2030.

The Indirect Land Use Change (ILUC) Directive, which enters into force in the second half of 2015 will
have implications for future Member State biofuel policies and biofuel demand (Chapter 1, Section
1.6.1). The ILUC provisions will encourage the biofuel sector to move from biofuels from food crops to
biofuels from waste, residues, ligno-cellulosic biomass, algae, etc. This shift towards double-counting
biofuels,® as well as the increased contribution of electricity from renewable sources towards the
target, could result in lower biofuel consumption than that expected in Member State National
Renewable Energy Action Plans (NREAPS).

However, the extent of these two effects is uncertain, as the ILUC Directive leaves room for Member
States to continue to support food-based biofuels (it only restricts their counting towards the RED
target), and the cap does not apply to the FQD. Furthermore, Member States may set a national target
for advanced biofuels lower than the 0.5%,5 provided this decision is well-founded.

Beyond 2020, there is even more uncertainty as the EU’s 2030 energy and climate package does not
yet provide details about renewable energy in transport policies for 2030, although the Commission’s
proposal (COM (2014) 15 final)” does state that first generation biofuels should have a limited role in
decarbonising the transport sector. In the recent Energy Union Package, it was announced that the
Commission will propose a new Renewable Energy Package in 2016-2017, which will include a new
policy for sustainable biomass and biofuels as well as legislation to ensure that the 2030 EU
renewable energy target is met cost-effectively.

From the EU Energy Roadmap 2050 (COM(2011) 885/2) and the EU White Paper ‘Roadmap to a
Single European Transport Area’ (COM(2011) 144), it can be concluded that, when these documents
were prepared in 2011, an increase of biofuels use had been expected to contribute to longer term EU
and Member State climate goals.

5 Advanced biofuels and other waste biofuels are double counted towards the 10% target for renewable energy in
transport in 2020 (a feature which already applied in the RED).

6 A sub-target for advanced biofuels with a reference value of 0.5% has been introduced in the ILUC Directive.
7 A policy framework for climate and energy in the period from 2020 to 2030; COM (2014) 15 final.
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Fuel distribution impacts

The introduction of higher blends will require ‘protection grades’, but this will have cost
implications for fuel distributors

When new blends or fuel grades such as E20 or B10 are to be introduced on the fuel market, they
cannot just replace the current E5/E10 or B7, as a large share of the current vehicle fleet is not
compatible with these new fuels. The current blends need to remain available throughout the EU as
‘protection grades’ for many years, until the non-compatible vehicles are phased out of the market
(Chapter 1, Section 1.4.4).

The stakeholders in the fuel market (i.e., fuel suppliers, distributors and owners of retail stations) will
then have the following options:

a. introduce the new blend by replacing an existing fuel grade that they offer;

invest in expanding the existing infrastructure (such as pipelines, subsurface fuel tanks and
pumps) and logistics, and add the new blend to their existing portfolio; or

c. notintroduce the new blend, i.e. maintain their current fuel grade portfolio, and wait until
market demand for the new blend is sufficient to warrant replacing one of their existing fuel
grades

The cost and benefits of these three options, and therefore the optimal choice for a specific
stakeholder, may depend on the specific situation of the filling station: the number of grades they sell
and their market shares, whether or not they have the (physical and financial) possibilities to expand
their infrastructure (e.g., invest in new (subsurface) fuel tanks, pumps, fuel piping, etc.). Since fuel
markets in different Member States can have various ownership structures, ranging from Germany,
Greece, Italy which are dominated by a limited number of major companies, to Poland and the UK
where independent retailers, small companies or supermarkets are responsible for about 40% to 75%
of the fuel sales, consideration is required for potential market distortion effects (Chapter 1, Section
1.4.4.1). For example, if one retailer has the opportunity to add a new blend with limited cost, a smaller
competitor, with one fuel grade and insufficient means to invest, will likely lose market share to the
larger competitor.

Higher biofuel blends may cause a number of technical issues that need to be resolved before roll-
out, to ensure fuel quality and prevent technical issues in the fuel supply chain.

Higher ethanol blends can cause issues in tank systems through the supply chain from depot to petrol
station (Chapter 1, Section 1.4.5.2). Costs to resolve these issues increase with increasing shares of
ethanol.

Aging of higher FAME blends may lead to fuel quality control issues throughout the fuel chain, such as
filter plugging, corrosion, durability problems and deposit formation (Chapter 1, Section 1.4.5.2). The
aging rate is strongly dependent on storage conditions, and so could be compounded by a low uptake
by the market, for example if a higher FAME blend is introduced at service stations with low
throughput, or if there are not sufficient compatible vehicles available. Research in this area has been
limited to date, so further research is required to understand and possibly resolve these issues before
roll-out.

Information provision and strategic price setting will be important to encourage customers to buy
higher biofuel blends.

Consumer acceptance and willingness to buy is crucial to successfully introducing a new biofuel blend
or fuel grade at filling stations successfully (Chapter 1, Section 1.4.6.1). The different experiences with
introducing E10 in Finland, France and Germany illustrate that consumer acceptance is important: in
Germany, low consumer acceptance proved to be a significant barrier, resulting in much lower market
shares, while Finland and France were the opposite as extensive effort was made to list E10
compatible vehicles, clearly label pumps and actively inform consumers using promotional literature.

The higher price of biofuels results in a higher price of fuels that contain higher biofuel shares (‘high
blends’), but this does not have to be a barrier to the sales of high blends (Chapter 1, Section 1.4.6.3).
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Effective biofuel policies such as a biofuel obligation or tax incentives can provide sufficient incentives
for fuel suppliers to sell these fuels despite the higher cost.

Biofuel availability and origin

Even with a 7% cap on first generation biofuels (ILUC Directive) in 2030, the maximum potential of
the current blending limits (B7/E10) could still be achieved by these biofuels only.

In 2013, only 43% of the EU’s biodiesel production capacity was actually used, along with 44% of
biopetrol capacity (mainly ethanol) (Chapter 1, Section 1.6.2.2). More than half of Europe’s biodiesel
production capacity is located in Spain, Germany and France, while 44% of the biopetrol production
capacity located in France, Germany and the UK. Current European biodiesel production capacity is
already sufficient to meet the 2020 demand, as predicted by the NREAPs. EU Biopetrol capacity can
only meet 80% of the supply that Member States expect for 2020; however, since Member States are
likely to use imports to fill the gap, the current capacity can be considered sufficient to meet the
(remaining) demand (Chapter 1, Section 1.6.2.2).

Due to the current uncertainties regarding EU and Member State policies after 2020, projecting the
demand for biofuels in 2030, at this point in time, is highly uncertain. However, based on EU-forecasts
for road transport energy demand in 2030, it is estimated that if the current FAME and ethanol blend
levels (B7 and E10) still apply in 2030, they would allow blending of 11.8 million tonnes (Mton) FAME
and 7.0 million tonnes of oil equivalent (Mtoe) ethanol. The ILUC Directive places a 7% cap on the
contribution that first generation biofuels® can make to RED targets; however, this would still equate to
about 20.3 Mtoe of biofuels. Consequently, the maximum potential of the current blending limits
(B7/E10) could still be achieved, without exceeding the ILUC cap. (Chapter 1, Section 1.6.3.2).

Current EU biopetrol production is first generation; advanced® biopetrol generation capacity still
very limited. Current biodiesel production capacity can be used to produce FAME from plant oils
and from waste and residues, but not for advanced biodiesel production.

Without policies for 2030, such as a cap on biofuels from food crops and a target for advanced
biofuels, first generation will continue to dominate and there is continued uncertainty about whether
more advanced routes will reach large-scale, commercial application in the future, and by when they
could be expected. In the EU, the developments of advanced biofuel processes are supported by EU-
level R&D funding (e.g., Horizon 2020 and the NER 300 programmes, the European Biofuels
Technology Platform (EBTP)), but the R&D route from smaller scale to large scale application can take
many years and even decades (Chapter 1, Section 1.6.3).

Biofuels are more costly than fossil fuels, and will remain more costly at least until 2025/2030 and
possibly even longer.

The cost of biofuels that consumers have to pay, the retail prices, typically consist of cost of the
biofuels itself (incl. cost of feedstock, oil price, production and distribution), taxes and excise duties.
Import tariffs can also impact the cost of biofuels. It is estimated that the cost of rapeseed FAME is
approximately 65% higher than that of conventional diesel. Similar ratios were found for the cost of
ethanol from EU wheat or sugar beet, compared to petrol. In practice, prices of biofuels and fossil
fuels vary significantly over time, but it is predicted by that biofuels will remain more costly at least until
2025/2030 (Chapter 1, Section 1.6.5). Advanced biofuels are more expensive than conventional
biofuels, and this is expected to remain the case in the future.

8 First generation biofuels refer to the fuels that have been derived from food crops.

9 Advanced biofuels are those produced from lignocellulosic feedstocks (i.e. agricultural and forestry residues),
non-food crops (i.e. grasses, miscanthus, algae), or industrial waste and residue streams.
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Development of possible biofuel scenarios to 2030

Four hypothetical scenarios were developed to describe the potential development of biofuel
demand to 2030. These scenarios form the basis of the analysis into air quality, carbon emissions,
refinery and fuel supply impacts

There is still significant uncertainty about biofuel policy development to 2030, both at the EU and
Member State level. The development of biofuel demand is therefore difficult to predict. However,
based on findings from the analysis, four hypothetical scenarios have been developed (Chapter 1,
Section 1.7.3):

= The Base Case scenario assumes that the energy content of biodiesel (FAME/HVO) and ethanol
in 2013 (i.e., 5.2% and 3.4%, respectively), will not change through 2030.

m Scenario A assumes a full use of the biofuel blend limits of FAME and ethanol in the EU by 2020,
and assumes there is no need for Member States to resort to higher blends; i.e., the blending
limits remain constant at B7 and E10 through 2030.

= Scenario B assumes further growth of FAME and ethanol demand in the EU beyond 2020, and
accommodates that with an introduction of B10 and E20 from 2020 onwards. B7 and E10 would
remain available throughout the EU as protection grades, at least until 2030.

= Scenario C assumes an even stronger growth of FAME and ethanol demand in the longer term
(2025-2030) than scenario B. Limitations due to biofuel availability also apply in this scenario, but
these are assumed to be resolved after 2025. It assumes that B10 and E25 are introduced from
2020 onwards, B7 and E10 would remain available throughout the EU as protection grades, at
least until 2030. In addition, a standard for B30 will be introduced, to be used in captive fleets only.

These scenarios form the basis for the analysis conducted into the potential impacts of higher biofuels
on air quality, carbon emissions, the refinery sector, and fuel supply.

Vehicle technology

Increased use of higher biofuel blends would not impede future engine technology and some
blends may be helpful in enhancing technology performance.

With the aim of improving fuel economy, petrol engine technology is expected to progress along two
pathways in the future: 1) increased turbocharger boost with engine downsizing; and 2) use of very
high compression ratios (Chapter 2, Section 2.3.1). Both engine trends will continue to value higher
octane fuels, which could provide engine efficiency benefits, and ethanol’s high latent heat of
vaporisation, which could contribute to lower combustion temperatures and, therefore, potentially
reduce NOx emissions.

Light and heavy duty diesel engine technology is expected to progress along a path of increased
turbocharge boost, coupled with further engine downsizing (Chapter 2, Section 2.4.1). However,
fundamental changes in diesel combustion technology are not expected in the 2030 timeframe. As
such, current diesel fuel properties will be suitable for future diesel engines.

Regardless of the approach to improve petrol and diesel engine technology in the future, there will be
no change in the impact of biofuel blends relative to their impact on current engines.

By 2020, the increased use of high ethanol blends is possible in petrol vehicles, with some technical
issues.

Most post-2003 vehicles are E10 tolerant (i.e., they have no efficiency advantage from the higher
octane value of ethanol, but they will not have safety or performance issues with this fuel. However,
they cannot use higher blend levels (e.g., E20), and warranties may not include higher blends).
However, for pre-2003 vehicles, which will likely comprise between 1.3 to 6.8% of the 2020 EU light
duty fleet, fuel leaks or fuel system corrosion could occur (Chapter 2, Section 2.3.3.4). This could be
addressed by upgrading fuel system gaskets and elastomers for costs of <200 Euros, but there may
be a small number of vehicles requiring hardware changes. There are no public data on affected

FINAL REPORT 9



Impact of higher levels of bio components in transport fuels in the context of the Directive 98/70/EC of the European
Parliament and of the Council of 13 October 1998, relating to the quality of petrol and diesel fuels and amending
Council Directive 93/12/EEC

INTERNATIONAL

models and the EU would need to work with auto-manufacturers to identify affected vehicles, related
upgrade costs and affected populations in 2020.

Manufacturers suggest that most post-2011 vehicles are E20 tolerant; however, precise numbers of
non-E20 tolerant vehicles still in the market by 2020 are not available.'® An E20 tolerant vehicle will
not receive the efficiency benefit of the higher octane rating, without engine optimisation. It is assumed
that the costs of optimisation will be small for naturally aspirated engines and under Euro 50 for
turbocharged engines, if the changes are incorporated in the design stage.** This approach will affect
future manufacturer product plans as engines will need to be modified. A lead time of 4 to 5 years will
be required for manufacturers to design such engines (Chapter 2, Section 2.3.3.4).

Although B7 presents no technical issues, B10 and B30 FAME diesel blends are more problematic.
Concerns also exist about the use of FAME blends with plug-in vehicles.

B7 (i.e., 7 vol%) is the current level of the FAME blend limit and is the default requirement for vehicle
technology; as such, all EU diesel vehicles can run on B7. The introduction of B10 could lead vehicles
with duty cycles having short trip lengths and many cold starts daily to experience significant oll
dilution issues. This issue could be addressed by improved monitoring of engine oil and more frequent
oil change intervals (i.e., reduced from current levels of 25,000 to 30,000 km to less than 20,000 km).
In addition, the use of B10 during winter months may need to be prohibited (Chapter 2, Section 2.4.2).

QOil dilution and cold storage problems are heightened when using B30 (Chapter 2, Section 3.2). As
such, vehicle manufacturers suggest that it may not be suitable to be placed in the market, but only to
be used in “captive” fleets, where measures can be implemented, such as an oil dilution monitoring
programme, and careful oversight of fuel quality. It is unclear if any hardware changes to the fuel
system are needed for modern (post-2010) vehicles to use B30.

Concerns exist about the oxidation stability of FAME when used in plug-in vehicles where the tank fuel
can be used over several months if the vehicle is operated primarily in electric mode. However, further
research into this issue is required as plug-in diesels have entered the market only in 2014.

Irrespective of the hypothetical scenarios explored in this study, it is considered that the
introduction of new, higher biofuel blends require fully compatible vehicles, which will be
developed and sold once the technical specifications of these blends are confirmed.

The introduction of vehicles fully compatible for higher blends first requires agreement on fuel
specifications (in the CEN), which are then included in the FQD and type approval regulation. Vehicle
manufacturers can then develop and optimise vehicles for this new fuel standard, and introduce these
on the market. The market penetration rate of these fully compatible vehicles determines the potential
(maximal) growth of sales of these higher blends, and therefore provides a boundary condition to the
consumption of these biofuels. Once the first fully compatible vehicles enter the market, it will take
more than 20 years before the entire vehicle fleet will be compatible with the new blends.

Vehicle emissions

Biofuel blends (E10, E20, B7, B10 and B30) will have mostly positive emission benefits.

Based on a review of literature, ethanol blends will result in emission reductions ranging from 5-20% of
regulated pollutants (carbon monoxide (CO); particulate matter (PM), hydrocarbons (HC)) and air
toxics (benzene) when compared to current engines using EO fuel (Chapter 2, Section 2.3.3.1 and
Section 2.5.1). However, emissions for nitrogen oxides (NOXx) could be slightly higher (~1%), as well
as aldehyde emissions, especially in vehicles that are not optimised for the higher blends.

10 Since it is likely that there will be a significant proportion of the vehicle fleet that is not E20 tolerant during the
2020 to 2030 timeframe, a protection grade (e.g., E5, E10) will be required. The rate of fleet renewal determines
how long the protection grade has to be available. However, it is possible that even after 15 years, 15% of the
vehicle fleet will still be incompatible with E20 (Chapter 1, Section 1.5.3).

11 For non-E20 tolerant vehicles, optimisation costs will be significantly more; consequently, an E10 protection
grade will be required.
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Similarly, the use of B7, B10 or B30 will reduce emissions of HC, CO, PM and particulate number
(PN), but literature indicates that NOx emissions will increase by a few percentage points (Chapter 2,
Section 2.4.3.2 and Section 2.5.2).

Vehicle emissions testing indicates that pollutant emissions from E10, E20, B7, B10 and B30 are
significantly lower than Euro 6 exhaust emission limits for passenger cars.

A limited vehicle emissions testing programme was conducted on single Euro VI compliant petrol and
diesel vehicles, to the World Harmonized Light Vehicles Test Cycle (WLTC). Both vehicles were not
optimised to the biofuel blends tested. For E10 and E20, total hydrocarbon (THC), PM and PN were
80% lower than Euro 6 emissions limits, while non-methane hydrocarbon (NMHC) was over 70%
lower (Chapter 2, Section 2.3.3.1). CO and NOx vary between 50-70% and 18-46%, respectively,
below Euro 6 emission limits.

For all biodiesel blends (B7, B10 and B30), CO, PM and PN were approximately >80%, >75% and
>95% lower, respectively, than the Euro 6 exhaust emission limits (Chapter 2, Section 2.4.3).
However, NOx emissions were over 7 times greater than Euro 6 limits, due to issues associated with
the test cycle. Euro 6b limits are based on the New European Driving Cycle (NEDC), while the study
tests were conducted using the Worldwide harmonized Light duty driving Test Cycle (WLTC). The test
results are directionally similar to results from other studies which have compared NOx emissions from
NEDC against other test cycles, such as WLTC and Real Driving Emissions (RDE). Overall, although
the vehicle tests represent a small sample size, the results for NOx indicate a broader issue that
warrants further investigation.

Air quality impacts

The introduction of higher biofuel blends will not detrimentally impact air pollution from the
refinery sector

Modelling of refinery sector emissions was conducted for each of the four hypothetical biofuel
scenarios (i.e., Base Case, and Scenarios A, B, and C). Refinery emissions of air pollutants (SOx,
NOx, NMVOC, CO and PM) are expected to decline by 30-55% from 2010/2013 levels reported by the
European Environment Agency (Chapter 3, Section 3.3.2). These declines are directly linked to
reduced refinery throughput, and associated lower fuel consumption in the Base Case and higher
biofuel scenarios (Chapter 1, Section 1.7.3), even though biorefinery production will likely offset some
of the air pollution reduction due to refinery throughput reduction. The refinery sector accounts for only
a small fraction of pollutant emissions when compared to vehicle tailpipe emissions.

Compared to current biofuel blending levels, the use of higher biofuel blends will not negatively
impact air pollution from vehicle tailpipe emissions.

Modelling results indicate that regardless of the blending ratio (E10, E20, E25, B7, B10 or B30),
vehicle tailpipe emissions compared to a Base Case using current biofuel blending levels, do not
negatively impact air pollution (Chapter 3, Section 3.4.2). Pollutant emissions of THC, NMHC, CO, and
PM will decline with higher blends. In 2030, light duty vehicles (LDV) emissions of these pollutants
across each biofuel scenario (A, B and C) were on average 3%, 3%, 6% and 8%, respectively, lower
than the Base Case. For NOx, emissions were on average 1% higher than the Base Case in 2030.
CO:2 emissions for Scenarios A, B and C were the same as the Base Case in 2020, and 0.2% lower in
2030. For heavy duty vehicles (HDV), the trends were similar, although no declines in CO2 were noted
through 2030.

Moving to higher ethanol blends does not mean increases in the ethanol waiver (Annex Il of the
Fuel Quality Directive (FQD); 2009/30/EC), rather the required waiver (in kPa) gradually declines
out to and beyond 30 volume % ethanol

Annex Il of the Fuel Quality Directive (FQD; 2009/30/EC) sets out allowed vapour pressure (VP)
waivers (i.e. increases) versus the standard specifications for EU petrol blends containing ethanol. For
a given base petrol, the blend vapour pressure (VP) peaks at an ethanol concentration of around 5%
and then steadily declines as its concentration increases, initially sharply to about 10% concentration
and then more slowly (Chapter 3, Section 3.5.6). Consequently, raising ethanol content from 0 to 5%
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has a marked upward impact on blend VP, but increasing concentrations further actually lowers blend
VP; e.g., based on calculations, from 68 kPa at 5% to 67.8 kPa at 10% and 66.8 kPa at 30%. Thus,
going to higher ethanol concentrations beyond 5% does not cause increased pressure on petrol blend
VP; rather the effect is to gradually reduce the vapour pressure waiver effect.

Higher ethanol blends will not result in adverse evaporative emissions impacts in petrol

An assessment of literature indicates that there would be no appreciable adverse evaporative
emissions impacts from raising ethanol concentration in petrol (Chapter 3, Section 3.5.2). Studies
indicate that diurnal, refuelling and hot-soak emissions were unaffected by higher ethanol content in
petrol. Some impacts on permeation have been observed for high-level ethanol blends (e.g., E51-E85)
but not within the E10 to E25 range. Any reduction in VP from blends above E5 was noted to reduce
the magnitude of these emissions. The overall reactivity of the emissions also tends to decrease with
increasing ethanol content.

Greenhouse gas emissions impacts

Higher biofuel blending scenarios yield GHG benefits compared to the Base Case scenario,
regardless of assumptions related to the emission factors for biofuels and ILUC emissions

The greenhouse gas (GHG) impact analysis of three hypothetical scenarios for higher bio blends
suggests that these can yield benefits compared to the base case scenario. The estimated benefits
are dependent on a) reducing the carbon intensity of biofuels over time as a result of improvements
made in the supply chain of biofuels, b) expanded use of waste-based feedstocks, particularly for
FAME and HVO production and c) significant expansion (i.e., by a factor of 10) of 2" generation
biofuel production between now and 2030, including for ethanol, biodiesel, and renewable diesel
(Chapter 4, Section 4.4). Assuming a reduction in the carbon intensity emission factors of biofuels
over time and excluding indirect land use change (ILUC) GHG emissions, the analysis (Chapter 4,
Section 4.5) yields an estimated reduction in the range of 7.1 to 9.4% for the three higher blend limits
and use scenarios in 2030. However, if no reductions in the carbon intensity of biofuels are assumed
over time, and the emission factors as set out in current legislation are used, including default carbon
intensity values for biofuels (included in FQD Annex IV) and indirect land use change factors (in the
ILUC Directive), the analysis yields GHG emission reductions between 0.8 to 1.5% compared to the
base case scenario.

Refining and fuel supply impacts

The fuel supply outlook in the Base Case incorporates further dieselisation!?, which will increase
the strain on EU refining by lowering refinery throughputs and utilisations

The Base Case projection assumes EU petrol demand (including any biofuel content) dropping by
25% and 44% in 2020 and 2030, respectively, from 2011 levels (around 87,000 ktoe/yr (2 million
bbl/d)). In contrast, EU diesel demand (including any biofuel content) is assumed to rise by 7% and
8% in 2020 and 2030, respectively, from the average demand levels seen between 2007 and 2013
(i.e., 205,000 ktoelyr (4.2 million bbl/d)) (Chapter 5, Section 5.4.1).

In many refineries, the yield ratio of petrol to diesel is close to 1:1. In contrast, the Base Case scenario
predicts an EU diesel to petrol demand ratio of 3.4:1 in 2020 and 4.5:1 in 2030 (weight basis), which
further exacerbates the yield and economic strain on European refineries through 2030 (Chapter 5,
Section 5.4.1). In order to continue to produce diesel and gasoil (and jet fuel), Europe’s refineries have
to co-produce petrol which must necessarily be exported. The continuing dieselisation trend (petrol
demand decline with diesel demand increase) embodied in the Base Case scenario, and the
associated increased strain on European refinery yields contributes to reduced refinery throughputs in
the 2020 and 2030 Base Case model results. European refining throughputs decline to around 10
million bbl/d in 2030 compared to 11.9 million bbl/d in 2012, while at the same time necessitating
higher petrol exports in order to enable diesel production. As a result, the Base Case scenario

12 A continued decline in the ratio of petrol to diesel demand
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projection is for petrol exports to be around 60% higher in 2020 and 2030 than they were in 2013, and
for diesel/gasoil imports to double versus 2013 by 2020 and then triple by 2030.

Increases in biofuel demand will have a greater impact on refineries than the projected reduction
in road fuel demand

Higher biofuel demand (as described by the three hypothetical scenarios) will have a greater impact
on refineries than the projected reduction in road fuel demand in the Base Case. Specifically, by 2020,
the EU mineral road fuels production could fall by 104,000 ktoe/yr (4.4%) from its 2014 level due to the
Base Case fuel supply outlook, and by an additional 124,000 ktoe/yr (5.5%) due to higher biofuel
demand (Chapter 5, Section 5.6.4). By 2030, mineral road fuels production could fall by 203,000
ktoe/yr (8.6 per cent) from its 2014 level due to Base Case assumptions, and, due to increasing
biofuel demand, could fall by an additional:

= 209,000 ktoe/yr (9.7 per cent) in Scenario A,
240,000 ktoe/yr(11.1 per cent) in Scenario B; and
= 293,000 ktoe/yr (13.5 per cent) in Scenario C.

Higher biofuel supply and demand in the EU will have adverse impacts on the EU and Non-EU
refining sectors in terms of throughputs

EU biopetrol and/or biodiesel supply was assumed to increase as needed in higher biofuel scenarios
in order to prevent significant increases in EU biofuels imports (Chapter 5, Section 5.4.1). This has
resulted in EU biofuel supply increases being entirely biodiesel in 2020 for all Scenarios (i.e., 0.2
mb/d) and predominantly biodiesel in the 2030 (i.e., as high as 0.5 million bbl/d under 2030 Scenario
Q).

Because the European industry operates with a petrol/diesel imbalance which is projected to worsen
under the Base Case scenario, a primary impact of higher biofuel demand is to reduce diesel/gasoil
imports into the EU such that the bulk of the refinery impacts are projected to be felt in regions outside
the EU. Higher biofuel supply and use in the EU has adverse impacts on the EU and Non-EU refining
sectors in terms of throughputs and margins. Implied further closures in 2030 due to the higher biofuel
demand in Scenario A could be over 0.4 million bbl/d globally of which 0.08 million bbl/d occur in the
EU. In comparison, for Scenario C, over 0.6 million bbl/d could be closed globally of which 0.2 million
bbl/d could occur in the EU. However, the split of impacts between EU and Non-EU refining regions is
dependent on Base Case assumptions (Chapter 5, Section 5.4.2.2). For example, if the 2030 Base
Case outlook comprises higher demand for petrol in the EU, then a greater proportion of the total
refinery throughput reductions and implied closures due to higher biofuels would occur in the EU.

The impact on refining margins in the EU, compared to the Base Case, will be small

In 2020, a reduction in margins on the order of 2-7% is estimated, while in 2030 a change of +2% to -
4% is predicted for the higher biofuel scenarios compared to the Base Case (Chapter 5, Section
5.4.2, Section 5.6.3). For example, for gross margins, which vary between refineries, the absolute
impact is a reduction of 7 $¢/bbl in 2020 for all Scenarios (compared to a base case margin of 3.93
US$/bbl) and 11 $¢/bbl in Scenario A, 13 $¢/bbl in Scenario B and 16 $¢/bbl in 2030 for Scenario C
(compared to a base case margin of 3.83 US$/bbl) (Chapter 5, Section 5.6.3)

The underlying causes for the reduction in margins (Chapter 5, Section 5.4.1), include the projected
continuing overall demand decline in Europe, (most notably for petrol), under the Base Case
scenario,® and the relative margins on petrol oriented refineries dropping significantly between 2020
and 2030. This is because of a projected global slowing in petrol demand growth by 2030 in which the
projected EU reduction plays an important role.

13 The analysis assumes that EU refinery utilisations will drop from the 80% range in 2020 to approximately 70%
in 2030 — with clear implications for further Base Case scenario closures by 2030. These closures were left
implied in the results although clearly a 70% level is unsustainable; therefore the Base Case scenario implies
significant closures before considering the added effects of higher biofuels. If the analysis had assumed further
closures in the 2030 cases then the expected margins would be somewhat higher.
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Consumer prices will increase as the biofuel energy share rises
The increase in consumer prices may be 2.3 €¢/l in 2020 (2 per cent) and, in 2030:

m 4.8 €¢/l (4 per cent) in Scenario A;
= 5.0 €¢/l (4.1 per cent) in Scenario B; and
= 5.8 €¢/l (4.8 per cent) in Scenario C.

Consumer prices are comprised of mineral road fuel wholesale prices, biofuel wholesale prices and
the EU average current fuel duty and Value Added Tax. Mineral road fuel wholesale prices are 55.2
€¢/l for an 85 $/bbl crude oil price and biopetrol and biodiesel wholesale prices, which are weighted by
their respective share in total biofuels, could be 91.9 €¢/l in 2020, rising to 97.8 €¢/I in 2030. Including
taxes, the average price at the pump is 121.5 €¢/l in 2020 and 121.1 €¢/l in 2030. The difference in
biofuel and mineral road fuel prices drives the consumer price increase as the biofuel share increases
from the baseline, as laid out above. (Chapter 5, Section 5.6.2).

Higher crude oil prices would narrow the differential between mineral road fuel and biofuel prices and
would make smaller the increase in consumer prices. At 124 $/bbl crude price, consumer prices
increase by 1.0 €¢/l in 2020 across all scenarios and, in 2030, by 2.0 €¢/l in Scenario A; by 1.8 €¢/l in
Scenario B and 1.9 €¢/l in Scenario C.
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Study objectives

The overall objective of this study is to undertake an economic and environmental analysis of the
impact of increasing the limits of the bio-content of petrol and diesel imposed by the FQD, and
beyond 2020.14 In particular, for specific biofuel blends identified in the study, the assessment
considers both their positive and negative impacts associated with:

= Air quality and the resultant impact on human health;
= Market capacity, availability and origin of bio-content;

= Automotive technology, in particular engine efficiency, tail pipe emissions, biofuel compatibility
and fuel use in existing and future vehicle fleets and possible evolution of automotive
technology;

m Effect of an increase of the bio content in fuel on its overall carbon footprint (Life Cycle
Assessment);

m Effect on the refinery sector and distribution of fuels;
=  Competiveness of specific sectors or Member State fuel industry; and

= Any impact on the current market shares of the fuel mix (diesel vs. petrol) and possible induced
changes in Europe.

The findings of this work will input to the Commission when considering implications of increasing
the bio-content level in transport fuels.®

Overview of report

This is the Final Report of the study which presents the findings of in the following Chapters:
Chapter 1: Markets — current state and future trends

Chapter 2: Implications for automotive technology

Chapter 3: Effects on air quality and implications for vapour pressure

Chapter 4: Impacts on greenhouse gas (GHG) emissions

Chapter 5: Impacts on refining and fuel supply

This report has been developed by ICF, CE Delft, EnSys Energy and Vivid Economics. The work
has involved close co-operation with DG CLIMA throughout the study and has included an industry
stakeholder workshop in September 2015.

14 Taking also into account certain recent policy developments such as the 2030 framework for climate and
energy policies including COM(2014) 15 final

15 The objective of the study in not an impact assessment or exploration of concrete alternative policy options
but an assessment of the implications of (hypothetical) changes to the blending limits in the current fuel
specification
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1 Markets — current state and future trends

Abbreviations/acronyms

Advanced biofuels

B7
BOB
BTL
CEN
E10
EC
EN228
EN590
EU28
FAME
FQD

Fungible biofuels

GHG
HVO
ILUC

RED

Country codes

EU28
AT
BE
BG
CcY
Ccz
DE
DK

Diesel containing up to 7% v/v

blendstock for oxygenate blending

biomass to liquid

European Committee for Standardization

Ethanol blend containing up to 10% v/v

European Commission

current standard including the fuel specification of petrol
current standard including the fuel specification of diesel
all 28 Member States of the European Union

fatty acid methyl esther

Fuel Quality Directive

biofuels with fuel characteristics so close to fossil fuels that no blending
limits should be taken into account

greenhouse gas emissions
hydrotreated vegetable oil
indirect land use change

Renewable Energy Directive

EU-28

Austria

Belgium
Bulgaria
Cyprus

Czech Republic
Germany

Denmark
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Summary

Chapter 1 of the report provides an overview of the current biofuel market in the EU: the key
policies, current status of consumption and production, biofuel blends and feedstock for the
biofuels. Based on the current status and expected policy developments, the potential
developments until 2030 are discussed.

Integrating these findings with the results from Chapter 2 of this report, three hypothetical
scenarios are derived for the development of biofuels for the period to 2030. These will be
used as a basis for the assessment of potential impacts of higher biofuel blend walls, in the
remainder of this report.

Policy incentives and uncertainties

Biofuel consumption in Member States is almost fully policy driven. At the EU level, the main
drivers are the Renewable Energy Directive (RED) and Fuel Quality Directive (FQD). The
RED sets a binding 10% target (energy content) for renewable energy in transport in 2020;
the FQD sets a reduction target for the GHG intensity of fuels of 6%, in 2020. The FQD also
defines blending limits for FAME and ethanol, limiting the share of FAME in diesel to 7 vol%
(6.4% energy content) and the share of ethanol in petrol to 10 vol% (6.8% energy content).
Both directives also define sustainability criteria that biofuels have to meet to count towards
both targets and the RED furthermore regulates that biofuels from waste and residues count
double towards the 10% target. As required by the RED, Member States submitted National
Renewable Energy Action Plans (NREAPS) to the Commission, which outlined indicative
trajectories towards the 2020 targets, as well as an outlook of the expected biofuel volumes
and types in 2020. In 2012 the European Commission proposed a Directive amending the
RED and FQD to address the issue of indirect land use change (ILUC). The Directive has
now been adopted by the Council at second reading and is likely to enter into force in late
2015. Under this Directive there will be a cap on the contribution that biofuels from food
crops and some energy crops can make to targets in the RED at 7% of transport energy.
Member States will also be required to set a target for advanced biofuels with a reference
value of 0.5%75. Furthermore, the multiplication factors for electricity from renewable sources
are increased, from 1 to 2.5 for the energy consumed in electrified rail transport, and from
2.5 to 5 for renewable electricity use in road transport.

By 2014, almost all Member States, with the exception of Latvia, Cyprus and Estonia, had
implemented biofuel obligations (quotas) for fuel suppliers. However, the level of these
obligations varies significantly between countries, from an average target of less than 3% in
Croatia and Greece, to 7% or higher in France, Poland and Slovenia (in 2014). In addition,
tax incentives for biofuels are provided in approximately half of EU Member States.

The FQD blending limits have not been an issue in many Member States, as most biofuel
obligations are still below these limits. However, various options to go beyond the B7 and
E10 limits have been implemented: E10 has been introduced in three Member States
(Finland, France and Germany), B8 has been allowed in France (although it is not yet being
sold), fungible (drop-in) biofuels such as HVO, whose properties are very similar to fossil
diesel, are blended and incentives for E85 are in place in some Member States (at least in
France and Finland).

In this study, it is assumed that the EU policies provide the drivers and boundary conditions
for the future growth of biofuels in the EU. The potential impact of developments in the
sustainability criteria on biofuel supply and demand has been taken into account, however,
other than GHG implications (Chapter 4), environmental and social effects of increasing
biofuel volumes have not been assessed in detail in this study.

16 In this text, all biofuel shares are expressed in terms of energy content, unless otherwise specified as vol%
(volume content)
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1.1.2 Current status of the market

In 2013, 13.6 Mtoe biofuel was consumed in the EU, which represented a share of 4.6% of
the EU’s petrol and diesel consumption (in energy content). 79% of this was biodiesel,
mostly FAME, while 20% was biopetrol. Biofuel shares varied significantly between Member
States: where Estonia had a share of only 0.4% in road transport fuel sales, Sweden
achieved a 9% share with both a blending obligation and tax incentives in place.'’

The 2013 EU-average share of biopetrol in petrol was 3.4%, which leads to the conclusion
that there is still a lot of potential to further increase ethanol sales within the current blending
limits: if all Member States were to introduce E10 and the ethanol content would then be
increased to the maximum level allowed, i.e. to 6.8% (energy content, representing 10 vol%),
the EU-wide ethanol share can increase by at least 2.9% (equivalent to over 1,600 ktoe of
ethanol) without having to resort to higher blend*8. This can be achieved either by providing
specific incentives for E10 and ethanol consumption, or by gradually increasing the
obligations and thus encouraging the fuel suppliers to introduce and actively market E10.

Even though all Member States but two (Estonia and Latvia, 2013 data) have switched to B7
as the standard diesel grade, FAME sales can be increased within the current blending limits
by at least 1.2% (equivalent to over 3,000 ktoe of FAME): the 2013 EU-average share of
biodiesel in diesel was 5.2%, whereas the share allowed by B7 is 6.4%%°. Note that B7 diesel
may contain between 0 and 7 vol% FAME, so having B7 on the market does not
automatically imply that 7 vol% of FAME is added.

In line with the consumption of biofuel in the EU, the production of biofuel has increased
sharply since 2004. The production capacity installed in the EU is significantly higher than
production itself. In 2013, only 43% of the EU’s biodiesel production capacity was actually
used, 44% of biopetrol capacity (ethanol, mainly). More than half of Europe’s biodiesel
production capacity is located in Spain, Germany and France, 44% of the production
capacity of biopetrol is located in France, Germany and the UK. The 2013 biodiesel
production capacity is already sufficient to meet the 2020 demand as set out in the NREAPs.
The European biopetrol capacity is not yet sufficient to supply the bioethanol that the
Member States expect for 2020, but this gap may be filled with ethanol imports from outside
the EU. In 2012, about 15% of the EU’s biofuel consumption was produced from wastes and
residues (most recent data), the rest was mainly produced from rapeseed and other oils, and
sugar beet and grains.

Almost all Member States, with the exception of Cyprus, Hungary, Latvia, Malta and
Slovakia, are likely to need higher blends for FAME, a large share of double counting
biofuels or some other solutions (HVO, FAME in non-road modes) if they are to achieve the
biodiesel shares given in their NREAPs in 2020. Results for petrol are quite different: many
Member States do not expect to use the full blending potential of E10 in 2020. Portugal and
Slovenia only use a quarter and one third of the E10 blending potential, respectively. These
differences are not due to technical reasons but rather due to differences in Member State
policy strategies and ambitions. However, the NREAPs were drafted prior to the ILUC
decision, and the impact of the new legislation on the Member States plans and policies is
not yet known.

17 Note that the more recent biofuel consumption data are for 2013, and the blending obligations data mentioned
above are for 2014. Furthermore, blending obligations may also include double counting of biofuels from waste
and residues, where these are only counted once in the actual consumption data.

18 The actual room to increase ethanol sales will in fact be higher than 2.9%, since ethanol is also sold as ETBE
and in E85 blends. However, as data of the EU-wide sales of ETBE and E85 are not available, this effect cannot
be quantified.

19 The actual room to increase FAME sales will be higher than the 1.2% given here, since the biodiesel sales data
also include HVO (to which the B7 limit does not apply) and some of the FAME is sold as high blends (B10, B30)
in captive fleets. As more specific data of the sales of biodiesel are not available, these effects cannot be
quantified.
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The potential impacts of introducing higher biofuel blends

The introduction of higher blends such as E20 or B10 requires so-called ‘protection grades’
remaining available, E10 or B7, as only part of the vehicle fleet will be compatible with the
new blends (see Chapter 2, Section 2.3.3.4 for an in-depth discussion on vehicle
compatibility). All stakeholders in the fuel market, i.e. fuel suppliers, distributors and owners
of retail stations will then have to introduce the new blend either by replacing an existing fuel
grade that they offer or by adding the new blend to their existing portfolio; where the latter
option would require more significantly investments in expansion of existing infrastructure
(such as pipelines, subsurface fuel tanks and pumps) and logistics.

Fuel markets in different Member States can have various ownership structures, with some
(e.g., Germany, Greece, and ltaly) largely dominated by a limited nhumber of major
companies, and others (e.g., Poland, UK) much more fragmented. In the latter, independent
retailers, small companies or supermarkets are responsible for about 40% to 75% of the fuel
sales. This has implications for the introduction of a new blend, since a successful roll-out
requires the active involvement of many different stakeholders. In both cases, introducing a
new blend may lead to negative economic impacts on the smaller retailers, as they will have
fewer resources to invest. These effects have, however, not yet been quantified or assessed.

Introducing a higher biofuel blend may cause a number of technical issues in fuel distribution
and at service stations that need to be resolved to ensure fuel quality and prevent technical
issues in the fuel supply chain. For higher FAME blends, these are mainly related to quality
control and aging. For higher ethanol blends, technical issues may occur due to corrosion.
Costs to resolve these issues increase with increasing shares of ethanol. A number of non-
technical issues and barriers were also identified, for example consumer acceptance and
willingness to buy the higher blends is an important prerequisite to a successful introduction.

Most petrol vehicles manufactured after 2003 are E10 tolerant, i.e. they can drive on E10
without technical or safety issues, but do not receive any fuel efficiency benefit. However,
between 1.3 to 6.8% of the 2020 EU light duty fleet may not be compatible to E10, and thus
could be susceptible to fuel leaks or fuel system corrosion. This would have to be addressed
by retrofitting, or government incentives (scrappage schemes). From 2011 onwards, a
majority of cars made in the EU are E20 tolerant; and all diesel vehicles can run on B7.
These vehicles have, however, not been specifically designed for blends higher than the
current blending limits B7 and E10, and warranties may not include higher blends. The
introduction of new, higher biofuel blends is therefore considered to require vehicles
specifically designed and optimised for these higher blends, i.e. be fully compatible with
these blends. These can be developed and sold once the technical specifications of these
blends are decided on.

The introduction of vehicles fully compatible with higher blends first requires agreement on
fuel specifications (in the CEN), and then inclusion in the FQD and type approval regulation.
Vehicle manufacturers can then develop and optimise vehicles for this new fuel standard,
and introduce these on the market. The process for developing a new CEN standard and
then for vehicle manufacturers to optimise vehicles for this new fuel standard is estimated to
take about 4 years. Once the first fully compatible vehicles enter the market, it will take more
than 20 years before the entire vehicle fleet will be fully compatible with the new blends. This
time needed for fleet renewal will determine the need to maintain protection grade fuels for
non-compatible vehicles.

Vehicle manufacturers and fuel suppliers recommend that some biofuel blends, notably
FAME blends above B10, can best be used in captive fleets only, as they require closer
guality monitoring of both fuels and vehicles. There is little data on EU-wide fuel sales in
captive fleets, and so a rough estimate (used in the scenario development in this study)
would be 25%.

Development of biofuel demand to 2030

There is still significant uncertainty about biofuel policy development to 2030, both at the EU
and Member State level. The development of biofuel demand is therefore difficult to project.
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The recent adoption of the ILUC Directive?® (Directive 2015/1513) and potential future
developments of the sustainability criteria for biofuels could be a strong driver for advanced
biofuels (produced from woody and ligno-cellulosic wastes and residues and other non-food
feedstock), if Member States set sub-targets for these fuels in the coming years. The
production technologies of these biofuels are, however, either still in the R&D phase or are
only just starting commercial scale production, and current production capacity for advanced
biofuels is very limited. As new production technologies are necessary to unlock the potential
of ligno-cellulosic waste, residues and other types of low-ILUC biomass for sustainable
transport fuel production, technology developments are crucial to the future growth of
sustainable biofuels.

Therefore, despite the current uncertainties, recent outlooks in the literature of EU biofuel
demand give a relatively consistent picture of developments to 2030: first generation biofuel
production is expected to consolidate at best, while it will take time before significant
increases of advanced biofuels can be expected. Cost forecasts in the literature vary, but
biofuels are reported to be more costly than fossil fuels (in €/GJ), and expected to remain
more costly at least until 2025/2030. Outlooks that analysed the potential implications of the
FQD blend limits for FAME and ethanol all recognised these limits as a barrier to meeting the
2020 targets, and to further increases of biofuel sales.

Based on these findings, four hypothetical scenarios are developed that have a number of
assumptions in common, but result in very different growth paths for biofuels until 2030:

m The Base case scenario assumes that the energy content of biodiesel (FAME/HVO)
and ethanol in 2013 (i.e., 5.2% and 3.4%, respectively), will not change through 2030.

m Scenario A assumes full use of the blend limits in the EU from 2020 onwards, for both
FAME (B7) and ethanol (E10). It furthermore assumes that there is no need for Member
States to resort to higher blends: the blending limits remain at B7 and E10.

m Scenario B assumes further growth of FAME and ethanol demand in the EU beyond
2020, and accommodates that with an introduction of B10 and E20 from 2020 onwards.
B7 and E10 will remain available throughout the EU as protection grades, at least until
2030. The new standards will be introduced in the FQD before 2020, and vehicle
manufacturers will be required to ensure that all diesel and petrol new vehicles that are
sold from 2020 onwards are fully compatible with B10 and E20 respectively.

m Scenario C assumes an even stronger growth of FAME and ethanol demand in the
longer term (2025-2030) than scenario B. Limitations due to biofuel availability also apply
in this scenario, but these are assumed to be resolved after 2025. It assumes that B10
and E25 are introduced from 2020 onwards, B7 and E10 will remain available throughout
the EU as protection grades, at least until 2030. In addition, a standard for B30 will be
introduced, to be used in captive fleets only.

These scenarios form the basis for the analysis conducted into the potential impacts of
higher biofuels on air quality, carbon emissions and the refinery sector, which are described
in Chapter 3, 4 and 5.

1.2 Introduction

This assessment presents a picture of current and future trends in biofuel blends used for
road transport through 2020 and 2030, based on fuel production and biomass availability,
fuel distribution and infrastructure, and vehicle compatibility. Additionally, it assesses the
current and possible future availability of related biofuel sources, given the origins of bio-
content (type of biofuel, geographic origin, and type of feedstock), if there were to be an
increase of demand.

20 JLUC = Indirect Land Use Change. The Directive can be found at http://eur-lex.europa.eu/legal-
content/EN/TXT/?qid=1445417906699&uri=CEL EX:32015L1513
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All data and information for this analysis has been obtained from literature reviews, nine
open-structured interviews with stakeholders, and a number of written responses to a
guestionnaire. A list of the organisations and people interviewed can be found in Annex 1.

Chapter 1 is structured as follows:

m Section 1.3 provides an overview of the current EU and Member State policies aimed at
increasing the share of biofuels in the transport mix. The current progress towards the
2020 renewable energy target for transport is discussed, and the status of Member State
policies for higher biofuel blend is described.

m Section 1.4 provides an overview of current biofuel consumption throughout the EU and
fuel distribution. Estimates are provided on the potential for further biofuel growth within
the current blending limits and potential technical and non-technical fuel distribution
issues that may occur when higher blends are introduced are identified.

m  Section 1.5 assesses the issue of market penetration of vehicles compatible with higher
blends, illustrating the barriers that vehicle compatibility can form to biofuel growth.

m Section 1.6 describes the current biofuel production in the EU, imports and exports, and
assesses potential future developments. Estimates are provided for the future biomass
availability and biofuel cost.

m Section 1.7 integrates the main findings of the previous Sections and Chapter 2, and
assesses potential biofuel consumption developments until 2030, given the current
status, policies and policy outlooks. Based on the key findings, three different scenarios
are developed for 2030, each based on different assumptions and choices regarding
biofuel policies and ambitions, biofuel blending limits and technology development for
advanced biofuels.

Conclusions and recommendations are provided at the end of each Section, with the
exception of Section 1.7: this chapter concludes with the scenarios.

Policy incentives

Introduction

The EU has implemented a number of directives that are key to both the current and future
developments of biofuel demand and supply in the EU. These drive biofuel consumption, as
well as the type of biofuels used and their environmental impacts: the share of biofuels in the
transport mix is unlikely to increase, and advanced biofuels and other biofuels with higher
environmental benefits will not be developed further without effective policies and incentives.
This is mainly due to the higher cost of biofuels compared to their fossil counterparts, and
the higher cost of advanced biofuels compared to conventional biofuels (which will both be
guantified in Section 1.6.5). This makes the biofuel sector, the consumption of biofuels and
biofuel R&D almost completely policy-driven.

This Section first discusses the current and future European policy framework (in Section
1.3.2), where the main drivers for biofuels used in the EU are given, together with a number
of enabling policies.

This is followed by an overview of the implementation at the national level in Section 1.3.3,
including an analysis of the main similarities and differences between Member States.
Section 1.3.4 then focuses in on the current status and experiences with higher blends in
various Member States. The chapter ends with a number of conclusions and
recommendations.

In this report, this EU regulatory framework was taken as the key driver for biofuel demand
and supply, which also sets sustainability criteria that act as boundary condition for the
developments. The framework is dynamic over time and therefore uncertain, but is not
assessed in itself here.
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European policies linked to the consumption of biofuels

The binding targets of both the Renewable Energy Directive (RED) and the Fuel Quality
Directive (FQD) for 2020 are currently the main driver for biofuels in the EU, as they will
mainly be met by an increase in biofuel consumption. Both Directives are described below.
The currently ongoing policy developments on the sustainability requirements and the recent
decision on an Indirect Land Use Change (ILUC) Directive are described in Section 1.3.2.3,
followed by an overview of related policies.

Renewable Energy Directive (RED)

The RED (EC, 2009a) covers all types of energy in the EU, as it sets an overall binding
target of renewable energy use for the EU (20% in 2020) and individual targets for the
various Member States. It also regulates quite a number of issues concerning renewable
energy in the various sectors (electricity, heating and cooling, and transport). Articles 3(4)
and 17-21 are relevant for the transport sector. According to Article 3(4), each Member
State shall ensure that the share of energy from renewable sources in all forms of transport
in 2020 is at least 10% of the final consumption of energy in transport in that Member State.

Only biofuels that meet the sustainability criteria for biofuels and bioliquids as laid down in
Article 17 of the RED are allowed to count towards the 10% target. The sustainability criteria
set minimum standards, like a minimum reduction target for GHG emissions and the
exclusion of environmentally vulnerable areas for biofuel production. These criteria address
direct effects caused by biomass cultivation and biofuel production. Indirect effects are not
covered in these criteria — see 1.3.2.2 below. The same sustainability criteria are laid down
in the Fuel Quality Directive.

Article 21(2) of the RED defines that the contribution made by biofuels produced from
wastes, residues, non-food cellulosic material, and ligno-cellulosic material shall be
considered to be twice that made by other biofuels.

Furthermore, the electricity from renewable energy sources consumed by electric road
vehicles shall be considered to be 2.5 times the energy content of the input of electricity from
renewable energy sources (RED Atrticle 3(4)), to account for the higher energy efficiency of
electric vehicles compared to vehicles with an internal combustion engine.

The Fuel Quality Directive (FQD)

The FQD (EC, 2009a) has a double role in relation to the consumption of biofuels in the
transport sector. On the one hand, the FQD provides an incentive for the use of biofuels in
the transport sector by setting a target for the reduction of the average emission factor of
fuels, however, on the other hand, the Directive limits the use of biofuels by setting limits for
the biofuel content of fuels in the fuel quality specifications as prescribed by Articles 3 and 4.

In a way this may seem contradictory, but standardised fuel specifications also help to reach
harmonisation across and among EU Member States. Both the limits in the fuel
specifications as well as the reduction target of Article 7a are described in more detail in the
next paragraphs.
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Figure 1.1 Double-role of the FQD

Article 3 and 4

Limits for the biofuel content in
transport fuels

Article 7a

Incentive for the use of biofuels by
means of a reduction target for the
average emission factor of fuels

Article 7a: the 6% reduction target for the average emissions factor of fuels

The FQD (EC, 2009b) requires fuels suppliers to gradually reduce the average life cycle
GHG emissions of the transport fuels that they sell in the EU (Article 7a (2)). The targets
were set in the Directive, but the methodology to calculate the contribution of various fuels
and GHG mitigation measures towards the target has so far only been defined for biofuels,
where the same methodology is used as defined in the RED.

Member States shall require suppliers to reduce life cycle greenhouse gas emissions per
unit of energy from fuel and energy supplied by up to 10% by December 31st, 2020,
compared with the fuel baseline. 6% of this reduction is mandatory and the remaining 4%
can be met by, for example, the use of carbon capture and storage and credits purchased
through the Clean Development Mechanism of the Kyoto Protocol, for reductions in the fuel
supply sector. ‘Suppliers’ are, in general, the entities responsible for passing fuel or energy
through an excise duty point.

The scope of the Directive is the fuels used by road vehicles, non-road mobile machinery
(including inland waterway vessels when not at sea), agricultural and forestry tractors, and
recreational craft when not at sea. The calculation methodology to determine the life cycle
GHG emissions of biofuels is the same as the one used in the RED (and thus does not
include ILUC emissions, see below).

Article 3 and 4: Fuel specifications

In addition to the relatively recent CO3-target of the FQD, the Fuel Quality Directive has also
laid down fuel specifications. These fuel specifications, for a range of fuels, aim to harmonise
the technical specifications of the fuels brought on the European market. This harmonisation
benefits the fuel industry and car manufacturers, because the fuel industry know what type of
fuels to produce and can supply these to consumers throughout the EU, and car
manufacturers and OEMs can use these specifications to optimise the performance of
engines and cars and meet the emission standards.

With respect to fuels containing bio-components, the Fuel Quality Directive includes fuel
specifications for petrol and diesel in Annex 1 and Annex 2, including a maximum content of
ethanol in petrol (10 % v/v) and FAME in diesel (7% v/v).? What this means in terms of
energy %, the unit in which the 10% target for renewable energy in transport is defined in the
RED, is shown in the table below.

21 See Annex 3 for background on the biofuels
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Table 1.1 Maximum content of ethanol and FAME, as defined in the FQD, in term of volume

and energy %

Ethanol 10 6.8
FAME 7 6.4

Article 3 further indicates that Member States shall require suppliers to ensure the placing on
the market of petrol with a maximum oxygen content of 2.7 % and a maximum ethanol
content of 5 vol% until 2013, and they may require the placing on the market of such petrol
for a longer period if they consider it necessary. Furthermore, they shall ensure the provision
of appropriate information to consumers concerning the biofuel content of petrol and, in
particular, on the appropriate use of different blends of petrol.

Article 4, however, does allow Member States to permit the placing on the market of diesel
with a fatty acid methyl ester (FAME) content greater than 7 %, notwithstanding the
requirements of FQD Annex Il (without specifying a maximum level). There is no similar
derogation for ethanol.

The FQD does not explicitly set maximum blending limits for drop-in biofuels such as pure
diesel-like hydrocarbons made from biomass using the Fischer-Tropsch process (BTL,
Biomass to Liquid) or hydro-treated vegetable oil (HVO). However, as the scope of the FQD
is defined as petrol, diesel and gas oil containing at least 70% by weight of petroleum oils
and of oils obtained from bituminous minerals, their share must remain below 30% by
weight.

In addition, the FQD also requires the provision of appropriate information to consumers
concerning the biofuel content of fuels and the appropriate use of biofuel blends.

Addressing ILUC

Before the adoption of the RED and FQD, researchers and NGOs had expressed their
concerns regarding indirect emissions as a result of indirect land use change (ILUC) in
various publications. Under the RED, the Commission had committed to investigate the
subject and, if appropriate, to develop a proposal on how to deal with these indirect effects
that may negate some or all of the GHG savings of individual biofuels (EC, 2012). In October
2012, the Commission published a proposal to amend the RED (EC, 2012) and the FQD.
This proposal was then considered by the European Parliament and Council. The Directive
has now been adopted by the Council at second reading and is likely to enter into force in
late 2015.

Member States will then have two years to implement this new Directive in their national
policies. The most relevant parts of the text adopted by Parliament are presented in Table
1.2.
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Table 1.2 Key points of the text adopted by the Council and Parliament in the 2" reading on
ILucz

Cap on land A cap has been introduced on the contribution that certain biofuels can
based biofuels in | Make to targets in the Renewable Energy Directive. Biofuels and bioliquids
he R bl produced from cereal and other starch-rich crops, sugars and oil crops and
ik ene)Na ‘e from some other crops grown as main crops primarily for energy purposes
Energy Directive | on agricultural land can contribute no more than 7% to targets in the RED.

Member States may decide on setting a lower limit in their national
implementation of the RED. They may also choose to apply this cap to the
Fuel Quality Directive target.

Support for Advanced biofuels are fuels produced from a defined list of feedstocks and
advanced feedstock categories, including cellulosic energy crops, algae, and cellulosic
biofuels and wastes and residues.

definition of A sub-target for advanced biofuels with a reference value of 0.5% has been
advanced introduced.

biofuels

Advanced biofuels and other waste biofuels (e.g. those made from used
cooking oil) are double counted towards the 10% target for renewable
energy in transport in 2020 (a feature which already applied in the RED).

Member States are to report on their progress towards their national sub-
target in 2020, to assess the effectiveness of the measures introduced by
the Directive.

ILUC emissions Fuel suppliers and the European Commission are to report on emissions
deriving from ILUC, but they are not included in the sustainability criteria for
the biofuels or the GHG calculation methodology of the RED and FQD.

If appropriate, the Commission shall submit legislative proposals by 31
December 2017 for introducing adjusted estimated indirect land-use change
emissions factors into the appropriate sustainability criteria of Directive

2009/28/EC
The use and Provisional estimated ILUC emission factors are provided, distinguishing
value of ILUC between three categories of feedstock: cereals and other starch-rich crops,
factors sugars, and oil crops. These can be revised in later years to take account of
technical and scientific progress.
Low ILUC The Commission shall report, by 31 December 2017, on the possibility of

setting out criteria for the identification and certification of low indirect land-

conventional etia e . :
use change-risk biofuels and bioliquids. This could be, for example, biofuels

biofuels from schemes that achieve productivity increases beyond business-as-
usual.
Post-2020 If appropriate, the Commission shall submit legislative proposals by 31

December 2017 for promoting sustainable biofuels after 2020 in a
technology-neutral manner, in the context of the Horizon 2030 framework for
climate and energy policies

support for
sustainable
biofuels

Changes in the The electricity from renewable energy sources consumed by electrified rail

methodology to |transport shall be considered to be 2.5 times the energy content of the input
lculate th of electricity from renewable energy sources when accounting towards

ca cu.a e- € targets in the RED.

contribution

from other The electricity from renewable energy sources consumed by electric road
vehicles shall be considered to be five times the energy content of the input

22 Source: http://www.europarl.europa.eu/oeil/popups/summary.do?id=1387307&t=e&I=en and
http://www.europarl.europa.eu/sides/getDoc.do?type=TA&language=EN&reference=P8-TA-2015-0100#BKMD-6;
both consulted on 10 July 2015.
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renewable of electricity from renewable energy sources when accounting towards
energy sources targets in the RED.

In the RED, these multiplication factors were 1 and 2.5, respectively.

In particular, the cap on land-based biofuels and the indicative sub-target for advanced
biofuels could significantly influence feedstock use for biofuel production. However, as these
only apply to the RED and not to the FQD nor to Member State support schemes, the actual
impact is as yet unclear. The increase of the multiplication factors for renewable electricity in
the RED effectively increases the contribution of this energy source towards the RED target,
and thus reduces the need for biofuels to meet this target.

The impacts of these potential ILUC-measures are further discussed in Section 1.5 on
biofuel production and biomass availability in relation to the sustainability of biofuels.

1.3.2.4 Relevant CEN-standards

Article 8 (1) of the Fuel Quality Directive obliges Member States to monitor compliance with
the requirements of Articles 3 and 4, in respect of petrol and diesel fuels, on the basis of the
analytical methods referred to in European standards EN 228 and EN 590 respectively. Both
standards have been set by CEN’s Technical Committee ‘Gaseous and liquid fuels,
lubricants and related products of petroleum, synthetic and biological origin’ (TC19) (Working
Group 24)(EC, 2009).

CEN TC19 develops European standards which standardize the methods of sampling,
analysis and testing, terminology and specifications and classifications for petroleum related
products, including petrol, diesel and biofuels (see standards.cen.eu). As such, it aims to
ensure consistent quality of automotive fuels and biofuel blends, compatibility with car
engines and fuel pump labelling (Constenoble, 2014).

B10 and B20/B30

Several activities have taken place within the CEN to further develop standards for higher
levels of biocomponents in transport fuels. In relation to diesel, the 2015 Work Programme of
CEN states that the organisation anticipates the adoption of new European standards
including requirements and test methods in relation to B10 (EN16374:2014) and B20/B30
(EN16709:2014). Note that the current draft of B20/B30 standard explicitly states that it is
intended for blends of more than 15 vol% up to 30 vol% of FAME in diesel fuel to be used in
captive fleet application for designated vehicles, and both drafts state that these fuels are not
suitable for all vehicles. Both standards are in their last phase of development.

Nowadays B20 and B30 are both blends that are already available, albeit limited to a number
of Member States (such as Denmark, Spain, Italy, France, Poland and Czech Republic).
Because these blends do not meet all the standards of regular diesel and they require close
monitoring of fuel quality and engine oil dilution by FAME, they have been limited to
application in ‘captive fleets’, like bus fleets (sources: interviews with automakers and the
draft standard EN16709:2014). During the development of the draft standard EN16709:2014
this definition of ‘captive fleets’ has been a major point of discussion. Until this standard,
captive fleets have been defined at the local level, resulting in numerous definitions, which
have hindered harmonisation. At the end of 2014, the European Commission and the CEN
working group reached an agreement on the definition of captive fleets, which facilitates the
testing of new alternative fuel blends. At the same time, this requires improvements in
labelling of these blends at the pump. The vote on the final text of this standard is foreseen
for May 2015 (source: interview with NEN23).

Deciding on a final standard for B10 is a more complex process than deciding on a B20 or
B30 standard, since B10 is not intended to be limited to captive fleets, but will be sold at

23 NEN is the Netherlands Standardization Institute, which supports the standardization process in The
Netherlands. Information from https://www.nen.nl/NEN-Shop/Vakgebieden/Energie-Distributie/Nieuwsberichten-
Energie-Distributie/EC-en-CEN-bereiken-voorlopig-akkoord-over-wagenparken-en-biobrandstofmarkering.htm
and personal communication with Ortwin Costenoble, NEN
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public filling stations for the general fleet. This results in a number of additional requirements
for the B10 standards: for example, because close monitoring of B10 impacts is not possible
for non-captive fleets, there is a greater need to solve potential cold flow problems related to
the application of FAME in winter circumstances (the requirements for ‘cold properties’ can
be stipulated nationally, and may differ in winter and summer, and between countries, see
AGQM, 2013). CEN concludes that further research on these technical problems and how
these could be avoided is of great importance; a final vote on B10 can only be expected
when there is sufficient trust in the solutions for these technical issues (source: interview with
NEN) .

Ethanol

For ethanol a standard has been set, which prescribes the requirements for ethanol as a
blend component for petrol in blends up to 85% ethanol (EN15376:2014). Several studies
have been performed on the feasibility of the large-scale introduction of either E20 or E25.
Further developments have, however, been limited to studies investigating the next steps
required by different stakeholders to eventually introduce these blends on the market.

Energy and Climate package (2030)

The RED and FQD are both policies aimed at realising the overall targets of the Energy and
Climate package for 2020, often referred to as 20-20-20 framework, because it requires a
20% reduction in EU GHG emissions compared to 1990 levels, a share of 20% renewable
energy in EU energy consumption and a 20% improvement in EU energy efficiency.

In January 2014 the European Commission published as proposal for the new policy
framework for energy and climate in 2030 (EC, 2014a), and on 23 October 2014 the EU
leaders agreed on the so-called Energy and Climate package (European Council, 2014),
which proposes:

m At least a 40% reduction of domestic GHG emission reduction compared to 1990 by
2030. To achieve this, the sectors covered by the EU emissions trading system (EU
ETS) would have to reduce their emissions by 43% compared to 2005; emissions from
sectors outside the EU ETS (including transport) would need to be cut by 30% below the
2005 level.

m At least 27% for renewable energy by 2030.
m Increasing energy efficiency by at least 27% by 2030.
= Reform of the EU emissions trading system.

At time of writing, it is still unsure if there will be a specific (or indicative) renewable energy
source in transport target for 2030. Based on the Council decision, there will be no national
binding renewable energy targets, only EU-wide targets.

In the recent Energy Union Package (COM(2015)80 final) a number of relevant actions were
announced, namely that the Commission will propose a new Renewable Energy Package in
2016-2017, which will include a new policy for sustainable biomass and biofuels as well as
legislation to ensure that the 2030 EU target is met cost-effectively. (EC, 2015)

Clean Power for Transport Directive

The Clean Power for Transport Directive of 22 October 2014 identifies biofuels, together with
hydrogen, natural gas and LPG as one of the principle alternative fuels having a potential for
the long-term substitution of oil. Biofuels are seen as an alternative for all modes of
transport. However, according to the EC, the lack of a harmonised alternative fuels
infrastructure could harm the uptake of alternative fuels in EU mobility. An important focus
point of this Directive is the information provided to the vehicle users at refuelling stations,
including information on the availability of fuels and compatibility of vehicles. Therefore
Article 7 obliges Member States to ensure that all relevant information is available in motor
vehicle manuals, at refuelling and recharging points, on motor vehicles itself and in motor
vehicle dealer shops. This requirement applies to all motor vehicles (and manuals) brought
on the market after 18 November 2016. (EC, 2014)
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Guidelines on state aid

On June 28 2014 the European Commission has published the Communication ‘Guidelines
on State aid for environmental protection and energy 2014-2020’. These guidelines are
applicable from 1 July 2014 until 2020 and contain several provisions related to state aid for
biofuels, such as:

m The European Commission recognizes the current overcapacity in the food-based
biofuel market and therefore does no longer see investment aid from government
institutions in new and existing capacity to be justified. Investment aid should therefore
only be allowed in case of conversion into advanced biofuel plants.

= Operation aid to food-based biofuels can no longer be granted after 2020. Operation aid
until 2020 should only be granted to plants in operation before 31 December 2013.

m Biofuels that fall under a blending obligation and receive state aid as well will not result in
an increased level of environmental protection and therefore should not receive any state
aid. Member States are only allowed to grant state aid in case they can demonstrate the
aid is meant for sustainable biofuels that are too expensive to come on the market
without financial support.

= New and existing aid schemes for food-based biofuel should be limited to 2020.

Despite these limitations for financial support for biofuels, Member States will still be allowed
to provide non-financial incentivises for food-based biofuel consumption after 2020. For
examples, by the continuation of the current blending obligations. (EC, 2014)

National implementation

The RED sets a binding target for the share of renewable energy in transport in 2020, the
FQD sets a reduction target for the GHG intensity of transport fuels in 2020, and both define
sustainability criteria for the biofuels that count towards these targets. Neither of them,
however, prescribe the policy measures that Member States should implement to comply
with these Directives. Member States have therefore implemented both Directives in different
ways, resulting in a range of different policy measures that all aim to increase the shares of
biofuels on their market, in order to assure the realisation (or, in some cases,
overachievement) of these targets by 2020.

The next paragraphs describe the various instruments and the differences between Member
States, where we distinguish between gquota and obligations (Section 1.3.3.1) and financial
instruments (Section 1.3.3.2).

Quotas and obligations

Most of the EU28 Member States have decided to oblige fuel suppliers to put a share of total
fuel sales as biofuels on the market. These quotas will help to ensure the increase of the
consumption of biofuel volumes required to meet the 10% target in 2020 of the RED, as well
as the 6% reduction target for the GHG intensity of transport fuels of the FQD.

In Table 1.3 an overview of the mandates per Member States is provided. AlImost all Member
States (25 to be specific), with the exception of Latvia, Cyprus and Estonia, had binding
targets in place for the consumption of biofuels in 2014. All targets are presented in energy
content in this table to facilitate comparison, although 11 countries have actually set
volumetric targets. 12 countries also had subtargets in place for diesel and petrol. On
average, lower subtargets are in place for petrol compared to diesel. The targets mentioned
do include double-counting of biofuels from waste and residues (in line with Art. 21(2) of the
RED), so the actual share in the fuel volume can be lower.
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Table 1.3  Overview blending quota per Member State in 2014, in energy content

Target
Member ReOIEEl for Overall Target for
State Target diesel target diesel
France ‘ 757% | 7.00% | 7.70% Bulgaria (v) = 4.94% | 3.34%  553%
Poland \ 7.10% Hungary 490% = 4.90%  4.90%
Slovenia ‘ 7.00% Romania (v) = 4.79% | 3.00% | 5.53%
(S\/")Vede” 6.41%  3.20%  8.78% Luxembourg = 4.75%
Germany Czech
6.25% = 2.80% | 4.40% : 457% | 2.73% = 5.53%
Republic (v)
Finland \ 6.00% Slovakia (v) | 4.50% | 2.73% @ 6.27%
(Lv';h“a”'a 580% | 3.34% | 6.45% Italy 4.50%
Austria ‘ 5.75% = 3.40% | 6.30% Malta 4.50%
Denmark ‘ 5.57% Spain 410% @ 3.90% @ 4.10%
Portugal United
5.50% . 3.90%
Kingdom (v)
NOMeran 5500 | 350% | 350%  Greece(v) | 2.64%
(Ez/‘)*'g'“m 509% | 2.66% | 553% Croatia (v) | 2.06%
Ireland (V) | 4.94% Mean target 5.15% | 3.58% 5.81%

Source: Biofuel Barometer, 2014
(v) = obligations originally set in % v/v

France, Poland, Slovenia and Sweden have the highest targets, which could present
problems in meeting within the current blending limits set by the FQD (see Section 1.3.2.2).

However, a number of options are available to address this issue:

m the share of double counting biofuels can be increased to meet the blending obligations
without increasing the actual volumes of biofuels (in line with Article 21(2) of the RED,
see Section 1.3.2.1);

m drop-in diesel fuels such as HVO can be used to further increase biofuel shares in diesel
beyond the 7 % v/v limit for FAME;

m higher blends can be used in captive fleets (for example B20, B30) or on public filling
stations if indicated clearly (for example E85, to be used in flex fuel vehicles)?4;

m  Member States may permit the placing on the market of diesel with a fatty acid methyl
ester (FAME) content greater than 7 % v/v, in line with Article 4 of the FQD (Section
1.3.2.2).

These options are all used to some extent by various Member States, as will be illustrated
when looking at specific efforts to introduce high blends in a number of MS, in Section 1.3.4.

24 Higher blends might also be used in non-road modes such as diesel rail transport. However, as these fuels are
outside the scope of the FQD, these are not included in this assessment
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The mandates typically increase over time, but so far most countries have only defined the
targets until 2014 or 2015. To what extent the blending limits will pose an issue for more
Member States to meet their 2020 targets will become clear in the next years.

The effectiveness of the mandates depend on the penalties that are imposed on fuel
suppliers that do not meet the targets. These may vary between Member States. In Germany
the fine is €19/GJ, which is estimated to be roughly two times the fulfiiment cost (this factor
varies depending on fluctuations in the market prices for biofuels and fossil fuels). Until now
the quota has been fulfilled and the amount of penalties were minimal. (Interview: German
BMU)

The following presents examples of how some Member States have addressed their
obligations:

Germany: from tax reductions via blending obligations to a GHG reduction quota

In Germany, the first biofuel policies in place were tax incentives for biofuels. However, as
biofuel volumes increased, the decreasing tax proceeds (2 billion euro a year at the highest
point) were becoming a major concern. This was one of the reasons for the government to
shift to quota and gradually reduce tax reductions or exemptions. At the time of writing, there
are still a few tax exemptions for biomethane and BTL and cellulosic bioethanol, but all will
expire by the end of 2015. From that date only the GHG quota will be in place.

Since 1.1.2015, another policy shift has occurred: the German government decided to shift
from a blending quota system to a GHG reduction quota from 2015 onwards. Fuel suppliers
are now not obliged to achieve a certain minimum level of biofuels but rather a minimum
level of GHG savings, compared to conventional fossil petrol and diesel. The GHG savings
to be achieved are 3.5% GHG in 2015 and 2016, 4% from 2017 onwards and 7% GHG from
202025,

To allow for optimization in terms of costs the German parliament decided to have only one
target in place rather than separate targets for the share of renewable energy (aimed at the
RED target) and for the GHG intensity target of the FQD (see Sections 1.3.2.1 and 1.3.2.2).
The introduction has been widely discussed in public in the last year, but the political and
legislative decision to shift from an energy quota to a GHG quota in 2015 was already taken
in 2009.

With the GHG reduction quota in place, a direct incentive for the use of biofuels with a high
GHG reduction potential is provided. However, the result is that the biofuel volumes are
more difficult to predict: the higher the GHG savings of the biofuels sold, the lower the actual
volume of biofuels sold will be. To avoid overlapping measures, the double counting of
biofuels from waste and residues was discontinued. It is too early to assess the impacts of
this shift, and estimates on the impacts on the biofuel volumes that will be sold in the coming
years vary. Mineral oil companies expect an increase, whereas the biodiesel sector was
concerned that it would specifically and negatively impact biodiesel volumes (source of this
statement and the following: interview with German authorities). Small fuel suppliers were
also found to fear higher prices. Even though there were different opinions on the level of the
guota, stakeholders agreed on the principle of a shift from energy to GHG reduction quota.
Based on initial feedback from the market a small increase in the amounts is expected this
year, but so far little or no change in market share of the feedstocks is observed. A
feedstock-based evaluation of the data for the quota year 2015 is expected not before mid-
2016.

Spain: Lowering the targets because of energy prices concerns

On 22 February 2013 Spain decided to reduce the blending obligation from 6.5% to 4.1% in
order to lower the energy prices in the country to improve Spanish market conditions. The
subtarget for diesel was reduced from 7% to 4.1% and the subtarget for petrol from 4.1% to

25 http://www.bmub.bund.de/themen/luft-laerm-verkehr/luftreinhaltung/luft-luftreinhaltung-
download/artikel/zwoelftes-gesetz-zur-aenderung-des-bundes-
immissionsschutzgesetzes/?tx_ttnews%5BbackPid%5D=704
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3.9%. This resulted in an immediate drop of 57% in biodiesel consumption and 10.5% in
biopetrol consumption (EurObserv’ER, 2014).

Italy: Subtarget for advanced biofuels

In anticipation of a decision to be taken on ILUC, Italy adopted a subtarget for advanced
biofuels of 0.6% of all petrol and diesel as of 2018 in October 2014. This will increase up to
1% in 2022. Italy is the first Member State to introduce a subtarget for advanced biofuels. In
2013, the first Italian plant for advanced biofuel production was commissioned and three
more plants will start operations in 2015. (European Parliament, 2015; Ministro Dello
Sviluppo Economico, 2014)

At time of writing, the authors were not aware of other Member States that have or planned
to introduce any subtargets for advanced biofuels, but it is likely that more will follow, in line
with the ILUC Directive. It is therefore recommended to monitor the developments.

Financial instruments (tax exemptions and subsidies)

In addition to the blending obligations, specific type of biofuels can be granted a tax
exemption or reduction. National customs authorities are in most cases responsible for
implementing tax legislation related to biofuels. The following taxes can be differentiated in
such a way that these provide an incentive for biofuel consumption:

m vehicle registration tax;
m circulation taxes;

m fuel taxes;

m COqtax;

= Road charging.

The European Commission regularly publishes an overview of taxes (EC, 2015b). On an
annual basis UPEI publishes an overview of actual financial incentives, based on information
provided by their members. The most recent publication (UPEI 2014) provides this overview
for the year 2014, although not all Member States are included in this report. Information
from other sources (e.g. EC, 2015b) has been added to the (UPEI 2014) data to complete
the list (Table 1.4).

Table 1.4  Overview of financial incentives for biofuels
Biodiesel ‘ Biopetrol
Austria NI A reduction of 33 EUR/ 1000l litres in
excise duties is applicable for petrol with a
minimum biofuel content of 46 | and
sulphur content <=10 mg/kg (EC, 2015b)
Belgium No more tax incentives since No more tax incentives since 1.6.2014.
1.6.2014. New government New government proposal to the EU: from
proposal to the EU: from 1.1.2015, to introduce a tax incentive of
1.1.2015, to introduce a tax €15.3/m3 of end product if 5% or €30.6 if
incentive of €17.2/m3 of end 10% tendered bio ethanol is blended. 35%
product if 7% tendered FAME, of the market is liberalised (therefore only
UCO or TME is blended. 45% of | 65% of the needed volume for detaxation
the market is liberalised will be tendered). There is still no approval
(therefore only 55% of the from the EU.
needed volume for detaxation
will be tendered). There is still
no approval from the EU.
Bulgaria NI NI
Cyprus NI NI
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Biodiesel Biopetrol

Czech Republic

No tax incentives for mandatory
blended products, for blend
>31% FAME has an advantage
of 31% of basic excise duty.
100% FAME has 100% tax
incentive (excise duty = 0)
Diesel blend comprising of not
less than 30 % of rapeseed oil
methyl ester of volume: reduced
rate as of 7665 CZK/1000 litres
until 30 June 2015 (EC, 2015b).

No tax incentive for obligatory blending,
E85: no tax on ethanol share, full tax on
petrol share.

On the low percentage blends of biofuels
no excise duty exemption is granted. In the
case of bioethanol comprising of not less
than 70 % and not more than 85 % of the
denatured ethyl alcohol, reimbursement of
excise duty is granted at the level of the
ethyl alcohol proportion in the mineral oil.
High percentage blends with ethyl alcohol
produced from biomass and 2nd
generation biofuels are exempted from
excise duty within pilot projects for
technological development if intended for
use as propellant (EC, 2015b).

Germany From 2013: 2.14 ct/l/ no tax E85: 100% for ethanol part

advantage on blend No tax advantage on blend
Denmark NI NI
Estonia None None
Greece Biodiesel is taxed like motor gas | NI
oil : 330 € per 1000 It

Spain No tax incentive since 1 January
2013. New advantages could be
considered for labelled blends.

Finland Biofuels have lower excise duty | Biofuels have lower excise duty rates (EC,

rates (EC, 2015b) 2015b)

France 2013: 8 €/hl 2013: 14€/hl

2014: 4.5 €/nl 2014: 8.25€/nl

2015: 3 €/hl 2015: 7 €/hl
Croatia No tax incentives. Pure NI.

biodiesel, B100 has 100% tax

incentive (excise duty = 0)

Hungary No tax advantage on bio part No tax advantage on bio part. E85 is freely
available in Hungary, there is tax
advantage, but the tax of E85 has been
increased year by year.

Ireland No tax incentives No tax incentives
Substitute fuels, including biofuel, used as
auto-fuel in substitute for petrol are taxed at
the petrol rate. (EC, 2015b)

Italy No tax incentives No tax incentives

Lithuania NI -when the percentage of biological origin

substances is not less than 30 percentage,
the excise duty rate is reduced by the
percentage in proportion to the percentage
of additives of biological origin in the
product;

- when the percentage of biological origin
substances is less than 30 percentage, the
excise duty rate is reduced by the
percentage in proportion to the percentage
of additives of biological origin in the
product and only for the part that exceeds
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Biodiesel Biopetrol

the compulsory blending of additives of
biological origin (EC, 2015b).

Luxembourg NI NI

Latvia No tax incentive up to 30% RME | No tax incentive up to 70% bioethanol
content. RME content 30-99%: | content. Bioethanol content 70-85% - tax
tax incentive approximately 30% |incentive approximately 70% from original
from original excise. 100% bio — | excise.
100% tax incentive

Malta NI NI

Netherlands

No tax incentives

No tax incentives

Poland No tax incentives No tax incentives

Portugal NI NI

Romania The energy products used as The energy products used as motor fuel
motor fuel are exempted from are exempted from the payment of excise
the payment of excise duties duties when they are produced in totality
when they are produced in from biomass (EC, 2015b)
totality from biomass (EC,
2015b)

Sweden Energy tax reduction of 84% for | Energy tax reduction of 89% for biotethanol
FAME low blending, full low blending, full exemption for high
exemption for high blending and | blending. Full exemption of CO2 tax
HVO. Full exemption of CO2 tax |treatment (EC, 2014e). Bioethanol for low-
treatment (EC, 2014e) level blending receives the energy tax
Fame for low-level blending and | reduction and the CO2 tax exemption only
HVO receive the energy tax up to 5% of total declared fuel amounts. If
reduction and the CO2 tax the bioethanol share is higher than this
exemption only up to 5% threshold, the share of bioethanol above
(FAME) of 15% (HVO) of total the 5% threshold is taxed fully
declared fuel amounts. If the
share is higher than these
thresholds, the share of above
the threshold is taxed fully

Slovenia Transport fuels in their pure form ' Transport fuel in their pure form are exempt

are exempt from excise duty.
Blends of biofuels with fossil
fuels may qualify for a refund of
excuse duty paid or for an
exemption from excise duty
commensurate with the
proportion of biofuel added, up
to a maximum of 5%.

from excise duty. Blends of biofuels with
fossil fuels may qualify for a refund of
excise study paid or for an exemption from
excise duty commensurate with the
proportion of biofuel added, up to a
maximum of 5%.

Slovak Republic

Up to 5 vol-% for Biodiesel
blending is without tax, more
than that you have to pay the
tax. The excise duty reduction
for biofuels is granted only to
companies that operate as tax
warehouses.

Reduction in excise duty of 36 euro/ 1000
litres for petrol with a minimum biofuel
content of 4.5% or more (EC, 2015b).

United Kingdom

20p/litre duty derogation on
UCOME expired 31.3.2012

NI

NI: No information on tax incentives for biofuels found.

From Table 1.4 above the following conclusions can be drawn:
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m There is a large variation in tax incentive for biofuels throughout the EU. Of the countries
where data on tax incentives for biofuels were found, 50% has no tax incentives for
biofuels. The remaining countries have many different incentives in place (described in
the following bullets).

= As noted in Section 1.3.3.1, 25 of the EU’s 28 Member States rely on blending or GHG
reduction obligations to increase supply and demand of biofuels, and meet their RED
transport target for 2020. This reduces the need to also provide financial incentives to
meet the target, and only six EU Member States were found to provide financial
incentives for biofuels that are sold in low blends (i.e. up to the FQD blending limits)

— Slovenia and the Slovak Republic give excise duty reductions for low blends only up
to a certain lever of biofuel content. Above this level normal rates apply.

— Sweden provides an energy tax reduction and CO: tax exemption for low-level
biofuel blending up to a certain level.

— Finland also has tax incentives for biofuels as they can profit from lower CO2 taxation

— France has biofuel tax incentives which reduce over time

— Lithuania only provides tax incentives for bioethanol volumes that exceed the
blending obligations.

= Member States were found to have specific tax incentives in place for higher blends,
namely

— Germany and Hungary have incentives for E85 (in Hungary, these reduce over time)

— Croatia provides an excise duty exemption for B100 only

— Latvia has financial incentives for higher blends (30-100 vol% FAME, 70-85 vol%
ethanol).

— Lithuania provides an excise duty reduction for ethanol blends higher than 30%

— Romania and Slovenia have excise duty exemptions for all pure biofuels

— Sweden provides exemptions for high blending and HVO

— the Czech Republic has no tax incentives for mandatory blended products, but there
are incentives for FAME blends higher than 31vol% (with 100% FAME exempt from
excise duties), for ethanol blends between 70 and 85 vol% and for 2" generation
biofuels from pilot projects.

1.3.3.3 Realisation of the targets in 2020

In Table 1.5 the development of the shares of renewable energy in transport (RES-T) are
presented per Member State.

These data include all forms of renewable energy in transport (besides biofuels mainly
renewable electricity in rail transport), in line with the calculation provisions of Article 3(4) of
the RED (Source: Eurostat). Actual biofuel shares are therefore lower than these, and will be
given in Section 1.4.2.2.

Most Member States have shown a steep increase in the share of renewable energy in
transport in the period 2004 to 2010. The average share of RES-T then dropped in 2011, by
1.4% on average but much more in some counties such as the Czech Republic, Spain,
Finland, France and Portugal. This can be mainly explained by the time required for the
implementation of the biofuel sustainability schemes required by the RED (from 2011
onwards, Eurostat only included biofuels of countries that fully complied with the RED’s
sustainability criteria in Article 17 and 18 (source: Eurostat)), and partly also by
developments of biofuel cost over the years (EEA, 2015)(EurObserv’ER Biofuels Barometers
of recent years). Since 2011, however, implementation of the relevant RED provisions has
progressed, and the shares have remained stable or increased in all countries.

The table clearly shows the variation in renewable energy shares throughout the EU.
Sweden has by far the largest share in 2013, with 16.7%, clearly aiming for a much more
ambitious level of biofuels in 2020 than needed for the RED and FQD targets. Austria,
Germany, Finland and Poland have also reached RES-T shares of 6% or higher in 2013,
and are well on their way to the 10% target in 2020. On the other side of the spectrum, a
number of countries, namely Estonia, Spain and Portugal, reported shares of less than 1%.
These different shares per Member State are typically the effect of the large variations in
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policies and blending obligations described in the previous two paragraphs, driven by very
different ambitions and policy strategies in the various countries.

Note that when comparing the blending obligations that were shown in Table 1.3 with the
results in Table 1.5, these data are not always consistent. This is due to a number of factors,
most notably the fact that Member State policies change over time (Table 1.3 shows the
obligations in 2014), the effect of financial incentives (Table 1.4) and other types of
renewable energy in transport such as renewable electricity use in rail and road transport:
these contribute to the share of RES-T in the table below, but are not included in biofuel
quota.?®

Table 1.5  Share of energy from renewable sources in transport (RES-T)

EU-28 1.0% | 1.4% | 2.1% | 2.8% | 35% |4.3% | 4.8% |3.4% | 5.1% | 5.4%
Austria 2.5% | 2.8% | 55% | 6.3% | 7.5% |9.1% | 8.7% | 7.7% | 7.8% | 7.5%
Belgium 0.2% | 0.2% | 0.2% | 1.3% | 1.3% |3.4% | 4.2% | 4.0% | 4.4% | 4.3%
Bulgaria 0.4% | 0.3% | 0.6% | 0.4% | 0.5% [0.5% | 1.0% | 0.4% | 0.3% | 5.6%
Cyprus 0.0% | 0.0% | 0.0% | 0.0% | 1.9% |2.0% | 2.0% | 0.0% | 0.0% | 1.1%
Czech 1.1% | 0.5% | 0.8% | 1.0% | 2.3% |3.7% | 4.6% | 0.7% | 5.6% | 5.7%
Republic

Germany 1.9% | 3.7% | 6.4% | 7.4% | 6.0% |55% | 6.0% |5.9% | 6.9% | 6.3%
Denmark 0.2% | 0.2% | 0.3% | 0.3% | 0.3% |0.4% | 0.9% |3.3% | 5.5% | 5.7%
Estonia 0.1% | 0.2% | 0.1% | 0.1% | 0.1% [0.2% | 0.2% | 0.2% | 0.3% | 0.2%
Greece 0.0% | 0.0% | 0.7% | 1.2% | 1.0% |1.1% | 1.9% | 0.7% | 1.0% | 1.1%
Spain 0.8% | 1.0% | 0.7% | 1.2% | 1.9% |3.5% | 4.7% | 0.4% | 0.4% | 0.4%
Finland 0.5% | 0.4% | 0.4% | 0.4% | 2.4% |4.0% | 3.8% | 0.4% | 0.4% | 9.9%
France 1.1% | 1.7% | 2.0% | 3.6% | 58% |[6.2% | 6.1% | 0.5% | 7.1% | 7.2%
Croatia 0.4% | 0.4% | 0.4% | 0.5% | 0.6% |0.7% | 0.5% | 0.4% | 0.4% | 2.1%
Hungary 0.4% | 0.4% | 0.6% | 1.0% | 4.0% |4.2% | 4.7% | 5.0% | 4.6% | 5.3%
Ireland 0.0% | 0.0% | 0.1% | 0.5% | 1.3% |[1.9% | 2.4% | 3.9% | 4.1% | 5.0%
Italy 1.0% [ 0.8% | 0.9% | 0.8% | 2.3% |[3.7% | 4.6% | 4.7% | 5.8% | 5.0%
Lithuania 0.3% | 0.5% | 1.7% | 3.7% | 4.2% |4.3% | 3.6% | 3.7% | 4.8% | 4.6%
Luxembourg | 0.1% | 0.1% | 0.1% | 2.1% | 2.1% |2.1% | 2.0% | 2.1% | 2.2% | 3.9%*
Latvia 1.1% | 1.3% | 1.2% [ 0.9% | 0.9% |[1.1% | 3.3% | 3.2% | 3.1% | 3.1%
Malta 0.0% | 0.0% | 0.0% | 0.0% | 0.0% |0.0% | 0.5% | 1.8% | 3.1% | 3.3%
Netherlands | 0296 | 0.2% | 0.5% | 2.9% | 2.7% |4.3% | 3.1% | 4.6% | 5.0% | 5.0%
Poland 0.7% | 1.0% | 1.2% | 1.2% | 3.6% |5.1% | 6.3% | 6.5% | 6.1% | 6.0%

26 Higher blends might also be used in non-road modes such as diesel rail transport. However, as these fuels are
outside the scope of the FQD, these are not included in this assessment
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Portugal 0.2% | 02% | 1.3% | 2.2% | 2.3% |3.6% | 53% | 0.4% | 0.4% | 0.7%
Romania 0.9% | 1.0% | 0.8% | 1.8% | 2.7% |3.5% | 3.2% | 2.1% | 4.0% | 4.6%
S 3.8% | 3.9% | 47% | 5.7% | 6.3% |6.9% | 7.2% | 9.5% 13/(')9 1;')7
Slovenia 0.4% | 0.3% | 0.6% | 1.1% | 1.5% |2.0% | 2.8% | 2.1% | 2.9% | 3.4%
Slovak

_ 0.6% | 1.1% | 2.9% | 3.5% | 3.9% |4.9% | 48% |5.0% | 4.8% | 5.3%
Republic
United
: 0.2% | 0.3% | 0.6% | 1.0% | 2.1% |2.7% | 3.1% | 2.7% | 3.7% | 4.4%
Kingdom

Source: Eurostat, 2015

Progress towards the 6% GHG reduction target of the FQD cannot be assessed in a similar
way, as the GHG intensity data of the Member States or fuel suppliers are not yet monitored
and reported on at EU level. Furthermore, the calculation methodology to determine the
GHG intensity of fossil fuels, electricity, natural gas and various other types of fuels used in
road transport has only recently been decided on (Council Directive 2015/652) and the GHG
intensity reporting obligation that is included in Article 7a of the FQD was put on hold during
the decision making process.

When looking at the question whether the renewable energy target for transport of the RED
will be met in 2020, as a first step these trends can be compared with the indicative
trajectories that the Member States provided to the Commission in their National Renewable
Energy Action Plans (NREAPs)?’. In the NREAPs the Member States have estimated the
biofuel volumes they require for meeting the 10% target of the RED, for 2015 and 2020.
From this comparison, EurObserv’ER (2014) concludes that on an EU level, the current
biofuel consumption trend is insufficient to meet the 2020 biofuel volumes as predicted in the
NREAPs, and to meet the RED target in 2020. Their graph of the currently realised biofuel
volumes against the NREAPs quantities and EurObserv'ER’s projection for 2020 is depicted
in Figure 1.2. They expect that only 75% of the biofuel volumes planned for in the NREAPs
will be realised in 2020.

27 The NREAPs and links to related databases and forecasts can be found at
ec.europa.eu/energy/en/topics/renewable-energy/national-action-plans;
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Figure 1.2 Comparison of the current biofuel consumption for transport trend against the
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Source: National Renewable Energy Action Plan roadmaps (ktoe) (EurObserv’ER, 2014)

Note that this projection is relatively uncertain, as EurObserv’ER indicates that it is subject to
the new European legislation on ILUC (as noted in the footnote of the graph), which may
have a significant impact on the share of double counting biofuels in the total. The projection
does take into account the draft ILUC directive that was subject to agreement with the
Energy Council at the time of the analysis, and thus assumed the incorporation of a cap of
7% on conventional biofuels as well as 0.5 % of advanced biofuels (all in energy content).

The conclusion that progress is currently too low to meet the 2020 RED target is also
confirmed by the EU Tracking Roadmap 2014 (Eufores, 2014): according to this roadmap,
renewable energy in transport (RES-T) has seen less progress than the heating and cooling
sector (RES-H/C) and electricity production (RES-E). In 2012, only 8 Member States have
shown progress in line with their NREAP 2011 target, while the other 20 Member States
lagged behind. Both the projected trajectory according to the NREAPs and the actual
developments in RES-T shares are depicted in Figure 1.3.

Figure 1.3 Comparison of the current trends with trajectories presented in the NREAPs (National
Renewable Energy Action Plan)

RES SECTOR SHARE IN FINAL SECTORAL ENERGY CONSUMPTION

% 40

35

30

=== actual RES-E share
NREAP RES-E trajectory

=== actual RES-H share

o we=  NREAP RES-H trajectory

=== actual RES-T share
NREAP RES-T trajectory

20

Figure 2: Actual RES sector shares in the EU-28 from 2005-2012 and
NREAP planned shares (for MT and LV the actual shares are estimated)
2005 2006 2007 2008 2009 2010 201 2012 2013 2014 2015 2016 2017 2018 2019 2020 Source: Fraunhofer ISI based on Eurostat and NREAPs

Source: Eufores, 2014
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Similar conclusions were drawn in a study that approached this issue more from a vehicle
fleet and fuel demand perspective, and also taking into account the potential impact of the
ILUC proposal: (JEC, 2014) assessed different fuel demand scenarios in the period until
2020, taking the ILUC proposal and amendments (status end 2013) into account. JEC finds
that none of these will lead to achieving the RED and FQD targets. Their fuel demand
scenarios were based on different regulatory sets of provision (including, for example, higher
biofuel blend grades) and a range of other assumptions related to the vehicle fleet (more on
this study in Section 1.7.2).

The Commission’s recent Renewable Energy Progress Report, COM(2015)293, also finds
that progress in the past five years (until 2013) towards the 10% transport target of the RED
has been slow. Achieving 10% renewable energy target for transport by 2020 is therefore
considered to be challenging, but still feasible, and progress achieved in some Member
States testify to this.

Note that none of the above assessments take into account the increase of the multiplication
factors for electricity from renewable sources in rail and road transport, as was included in
the final ILUC decision. As this will increase the contribution of this energy source towards
the RED target, it will reduce the need for biofuels to meet this target. This effect will depend
on the Member States’ implementation of the ILUC Directive, but the potential impacts can
be illustrated by the following calculations, based on the expected consumption of renewable
electricity in rail and road in 2020, as presented in the NREAPS:

- In the NREAPs, the 2020 EU-wide contribution of electricity from renewable sources
towards the RED target is 0.7% for rail, and 0.5% for road transport. These percentages take
the current RED multiplication factors into account, of 1 for electricity use in rail, and 2.5 for
road.

- As the ILUC Directive increases these multiplication factors to 2.5 for rail and 5 for road, the
EU-wide contribution of electricity from renewable sources towards the RED target increases
to 1.6% and 1.0%, respectively.

- The contribution of other renewable energy sources, mainly biofuels, towards the 10%
transport target of the RED could thus reduce by a total of 1.5 percentage point, compared to
the situation without the ILUC Directive and the NREAPs.

- These effects differ between Member States, where some countries have higher shares of
electric rail and road transport and thus higher impacts of this measure (notably Austria and
Sweden), and others have much lower shares (including Estonia, Lithuania, Cyprus and
Poland).

As mentioned above, the actual impacts of these multiplication factors on overall biofuel
consumption in 2020 will depend on the Member States’ implementation of the ILUC
Directive.

Further discussion on expected developments and forecasts beyond 2020 is included in
Section 6 of this chapter.

Introduction of higher levels of biocomponents in Member States

According to the NREAPs and RED progress reports most Member States have not reported
any specific actions on marketing of biofuels nor expressed the need for mid or high blends
in their strategies to realise the RED and FQD targets. Nevertheless, a number of countries
have implemented policy measures aimed to facilitate marketing of the increasing biofuel
volumes, notably by

m actively introducing E10,
m allowing B8 to be introduced,
m acknowledging the potential benefits of fungible (drop-in) biofuels such as HVO

m providing fiscal benefits to higher blends such as E85 or B30 (as described in Section
1.3.3.2) or subsidies for E85 compatible vehicles
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In the following, the policy measures that have been implemented so far to promote these
options are described in more detail.

Member State policies for high blends

This Section is based on literature, interviews with biofuel suppliers, petroleum companies
and vehicle manufacturers, complemented by interviews with relevant national authorities for
three Member States: Germany, Finland and France (see Annex 1). These three Member
States were chosen as case studies as they have relatively ambitious biofuel policies, they
have introduced E10 on their market and have relatively high shares of biofuels (6.3%, 9.9%
and 7.2%, respectively, in 2013, see Table 1.5). Since not all Member States have been
thoroughly assessed, this overview only provides a snapshot of specific policy actions.
However, as higher blends are typically only actively pursued in countries with higher biofuel
shares and ambitious targets, the policies and actions described can be seen as key and
illustrative examples of the current EU developments in this area.

Member States with experience with E10

In Germany, Finland and France. E10 has been introduced in recent years. In all three
countries bringing E10 onto the market is not obligatory, fuel suppliers may choose whether
to offer E5 or E10 to their consumers. However, the blending obligations and related
penalties are set at such a level that fuel suppliers find it necessary to increase the market
share of E10, to enable them to sell the biofuel volumes required by the obligation.

Nevertheless, the strategy and policy measures taken varied between the countries, as well
as the resulting effects: E10 was successfully introduced in France and Finland, but
encountered significant resistance in Germany, resulting in limited market shares in that
country. The actions taken can be divided into information provision and incentives and
obligations.

Information provision and involvement of stakeholders

Since not all vehicles in the fleet can drive on E10, clear and accurate information provision
to the vehicle owners is considered key to the successful introduction of E10. Additionally,
apart from this technical issues, consumers also need to have confidence in the E10, both
from a technical but also from an environmental point of view, otherwise they are likely to
continue to buy the E5. The importance of these issues is clearly demonstrated when
comparing the three countries analysed here.

In France, E10 was successfully introduced in April 2009. The government, together with car
manufacturers, prepared for this introduction by compiling a list of E10 compatible vehicles,
pumps were clearly labelled and the ethanol industry actively informed consumers using
promotional literature (e.g., flyers). There was no specific opposition to E10 by stakeholders
such as French NGOs.

Germany introduced E10 in December 2010, with a very different outcome. Before this
introduction meetings with stakeholders, including car manufacturers, petroleum industry,
etc. were held and concerted actions regarding user information and communication etc.
were agreed upon. Despite these efforts, however, the introduction of E10 in Germany was
hindered by low consumer acceptance. Reasons for this have been the strong opposition of
NGOs due to concerns about the sustainability of the biofuels, and confusion caused by
changing lists with compatible vehicles. The main lessons the national authorities have
drawn from this are to improve the provision of information on the compatibility of vehicles,
ensuring it is clear and correct, and to better explain the motivation behind the introduction of
E10 to the general public and NGOs.

In Finland a special internet page on vehicle compatibility was set up to inform consumers
as well: http://www.e10bensiini.fi/en. This website provides background information on the
E10 fuel and contains a list of E10 compatible motors.
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Tax incentives and blending obligations

As will be shown in Section 1.6.5, ethanol is more expensive than the petrol it replaces, and
policies measures such as blending obligations and/or tax incentives are key to increase the
biofuel volumes on the market. When these measures are effective and sufficiently
ambitious, they automatically create a need for the fuel suppliers to move to higher blending
levels such as E10: E10 allows them to add up to 6.8% of bioethanol to their petrol (on
energy basis) instead of the 3.3% of E5.

In Germany, from the introduction of E10 in 2010 until the end of 2014, E10 was fully driven
by the energy quota: fuel suppliers were required to put a minimum percentage of biofuels
on the market, 6.25% by energy content in 2014. The associated fine for not meeting this
guota, €19/GJ, was estimated to be roughly two times the fulfiiment cost (although this factor
varied depending on fluctuations in the market prices for biofuels and fossil fuels). The quota
has been fulfilled in these years, and the amount of penalties were minimal. Since the
beginning of 2015, the energy quota was replaced by a GHG reduction quota (see Section
1.3.3.1), with a penalty for not meeting the target of 0.47€/kg COa.

It is too early to assess the effect of this shift on the biofuel volumes and types, and therefore
on the market share of ethanol and the need for E10 to meet these goals.

In France, the suppliers need the E10 sales to meet the blending obligation and prevent
penalties, and make the E10 2 to 3 eurocents cheaper than E5, to encourage consumers
with E10-compatible vehicles to buy the fuel. Tax exemptions, put in place to incentivise
ethanol sales, are currently decreasing and will stop at the end of this year, but this is not
expected to impact the growth of E10 sales, since the obligation de facto requires the fuel
suppliers to sell E10.

In France, the fuel suppliers would like to see the tax exemption increased by a few €ct to
make E10 more attractive. During the interview with the French ministry, it was explained
that this is difficult to arrange due to the overlap between E5 and E10: E5 covers 0-5%
ethanol and E10 covers 0-10%, thus creating overlap between the two blends. If there are
tax differences between E5 and E10, it would de facto encourage E5 to be brought on the
market as E10. This makes any tax advantage for E10 legally difficult to implement. During
the interview, it was suggested that a modification of the Fuel Quality Directive, to ensure
that E5 contains 0-5% ethanol and E10 5-10% (or even smaller ranges), would thus help
from a government policy perspective: it would allow E10 to receive a higher tax incentive
than E5.

E10 is broadly accepted (and sold) in Finland, because E10 is cheaper due to tax benefits
(source: interview with government, E10 benefits from lower taxes on energy and COz). 70%
of the vehicles are compatible to run on E10, and 60% actually run on E10, because car
drivers prefer the cheaper option. According to the government official that was interviewed,
there are even indications that consumers mix E85 with E10 to derive higher blends,
because the fuels sales of E85 are about twice as much as would be expected from the
market share of E85-compatible Flex Fuels Vehicles (E85 benefits from lower CO: taxes as
well)?8.

The introduction of E10

Before the introduction of E10 in Germany, many refuelling stations offered three blends of
petrol and two blends of diesel. With respect to petrol they offered E5 RON95, a RON9L1 fuel
and a premium E5 RON98. In many cases the RON91 petrol has been replaced by the E10
RON95 (there is no E10 RON98 on the market), as this was seen to be the optimal solution
considering refuelling station logistics and market share (economical) impacts. The result is
that the national fuel sales statistics now show a very low share of RON91 (0.01%), and
German refineries stopped providing it. The government official interviewed considered it

28 This comment has not been substantiated further, it is recommended to further assess this issue to better
understand the mechanisms that occur in the market.
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possible that refuelling stations who still offer RON91 might in fact be selling E5 RON95
under the name of RON91, which is allowed legally due to higher quality of E5 RON95.

In France, before the introduction of E10, normally two grades of petrol were offered at
service stations: a premium grade and E5 RON95. After the introduction of E10 most
premium grades were replaced by E10.

Policy measures in other countries, in anticipation of the introduction of E10

There is no data on which Member States have started preparations for the introduction of
E10, for example by adapting national legislation that allows oil companies to bring E10 on
the market. In any case, this hasn’t resulted in significant market shares of E10 in the
Member States, besides Finland, France and Germany. For example, in the UK the national
legislation allowed oil companies to supply petrol containing up to 10% ethanol since March
2013, in line with the EU standard for petrol (EN228), but until now no E10 has been brought
on the market. The UK government decided in November 2013 to amend the Motor Fuel
Regulations in order to guarantee the availability of E5 for another three years. Larger
retailers selling more than three million litres or more must offer E10 unleaded and E5 super-
unleaded until January 2017. Due to limited pump capacities smaller independent retailers
have to choose what to offer (Department for Transport, 2013). This is in line with Article 3(3)
of the FQD which obliges Member States to ‘require suppliers to ensure the placing on the
market of petrol with a maximum oxygen content of 2.7 % and a maximum ethanol content of
5 % until 2013 and may require the placing on the market of such petrol for a longer period if
they consider it necessary. They shall ensure the provision of appropriate information to
consumers concerning the biofuel content of petrol and, in particular, on the appropriate use
of different blends of petrol.’

With respect to the latter, information provision to consumers, Poland has taken action on
the labelling of E10 by drafting regulations for labelling requirements at the pump in February
2015. The marking methodology as laid down in these requirements should help consumers
to distinguish the several blends. Information to be provided will include detailed information
on the composition of E10. (ENDS Europe, 2015)

B8 in France

France faces problems with realising the blending obligation, because of its relatively
ambitious targets: (7.7% energy content, of which 7% single counting and 0.7% double-
counting). These levels exceed the maximum blending limits of both E10 (6.8% ethanol
energy content) and B7 (6.4% FAME energy content), and other marketing options such as
HVO or biofuel use in non-road transport are deemed to be insufficient to fill the gap. For this
reason, France allows B8 on the national market since the start of 2015, making use of the
provision in Article 4 of the FQD that allows Member States to permit the placing on the
market of diesel with a FAME content greater than 7 % (see Section 1.3.2.2).

Until today almost no B8 have been brought on the market due to the discussion on the
interpretation of this provision in the FQD, The European Commission, DG CLIMA
communicated in a non-paper that Member States cannot go beyond B7 and anything above
B7 requires a protection grade??, but non-papers do not have a legal status. This has raised
concerns about the practical implementation as well as a potential distortion of the market,
as French service stations consist for 60% of supermarkets, which only have the
infrastructure and facilities to sell 1 blend of diesel. They would have to choose which blend
they will sell, and cannot offer both a protection grade and B8. The remaining (40%) service
stations are linked to oil companies and could offer 2 grades premium/regular; they could
introduce a higher diesel blend in a similar way as E10.

Because of the ongoing discussion the further introduction of B8 is currently on hold. Despite
this interpretation issue, this case shows that certain Member States might encounter

2% European Commission, Non-paper on the scope of the Fuel Quality Directive, Ref. ARES(2014)1760981 —
28/05/2014
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problems with the current blending limits earlier than others due to the characteristics of their
national fuel markets and the height of the blending obligations.

Fungible biofuels

Both France and Finland see fungible biofuels as part of the solution, but the higher prices of
fungible fuels are seen as a barrier. Especially in Finland, where the individual target for
renewable energy in transport was set twice as high as the 10% target of the RED, HVO has
always been one of the key elements of its biofuel strategy, together with the introduction of
E10 and E85. This is likely to be due to the large domestic production capacity of HVO
(Neste Oill).

Currently, there is only one type of fungible biofuel on the market, HVO, produced by Neste
Oil. Quantitative cost data for HVO are not available in public literature, and it is not traded
publically as it is only produced by one company, but the fuel suppliers that were interviewed
all confirmed that FAME is the cheaper biodiesel option, because the production process is
inherently less complex than for HVO. When fuel suppliers decide on an optimal biofuel
strategy in a certain country, they compare the different options, including HVO, to meet the
blending obligations. Fungible fuels may be the optimal solution in some cases when
comparing with the cost of introducing higher blends of FAME or ethanol. However, some
fuel suppliers expressed their concerns that HVO is only provided by one producer, resulting
in a lack of a competitive market for this product. Specific data on this cost comparison are
confidential, and likely to depend on the specific situation and Member State policy. One fuel
supplier indicated that they are actively pursuing the development of another type of fungible
biofuel, but this is still in the R&D phase and a decision to invest in a larger scale plan will
not be made before 2018.

Other blends

In France E85 has been stimulated with subsidies for E85 compatible vehicles;
consequently, fuel tax on E85 is the lowest as allowed by the European legislation. Although
500 fuel stations are currently offering E85 in France, the market share of E85 vehicles is
quite low. According to the interviews with government officials, this is mainly due to the car
manufacturers not focussing on selling E85 vehicles, which may be interpreted as a sign of
low consumer interest. It was further mentioned by government official that whereas in
Sweden, retrofitting a petrol car with a flex fuel kit is legally allowed, this is not the case in
France. This was also perceived to be a barrier to the uptake of E85 in France.

During a meeting with Renault, they stated that although the petrol options in France are
labelled as E5 and E10, they are actually a mix of ethanol and ETBE (ethyl tertiary-butyl
ether) derived from bio-ethanol so the oxygen content of the blend matches that of E5 and
E10 respectively. For example, the E10 in France is 7% ethanol + 7% (approximately) ETBE
so that the resulting blend has an oxygen content of 3.5% by weight. The use of ETBE in
France is driven by the capacity of the largest local refiner TOTAL to manufacture ETBE.
TOTAL also distributes its products in other countries in the EU. According to VW, in
Germany there is some ETBE use but most E5 and E10 are ethanol blends.

In Finland E85 is completely produced from domestically produced waste, according to the
government officials that were interviewed. Although the target for 2020 is estimated to be
mainly realised by the use of E10 and fungible biofuels (HVO), E85 will play a role in the
strategy to be completely carbon neutral in 2050. Therefore, from 2030 onwards, all new
built vehicles should be able to drive carbon neutral. Finland is moving forward to achieve
both this 2030 and the longer term target, for example by legally allowing retrofit of vehicle to
achieve E85 compatibility

Conclusions

Biofuel consumption in Member States is being almost fully policy driven. At the EU
level, the main drivers are the Renewable Energy Directive (RED) and Fuel Quality Directive
(FQD) (EC, 2009a and EC, 2009b). The RED sets a binding 10% target (energy content) for
renewable energy in transport in 2020, the FQD a reduction target for the GHG intensity of
fuels of 6%, in 2020. Both directives also define sustainability criteria that the biofuels have
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to meet to count towards the targets, the RED furthermore regulates that biofuels from waste
and residues are counted double towards the 10% target. Member States are free to decide
on the policy measures to achieve these targets, within the boundaries provided by the EU
regulations. The development of standards for high blend fuels is ongoing within CEN.

Recently, it has been decided to address the issue of indirect land use change effects by
implementing a number of changes to both the RED and FQD, the main measures are that
biofuels and bioliquids produced from cereal and other starch-rich crops, sugars and olil
crops and from some energy crops can contribute no more than 7% to targets in the RED,
and the introduction of a sub-target for advanced biofuels with a reference value of 0.5% in
the RED. The effect of this new legislation is, however, as yet unclear.

The FQD also defines blending limits for FAME and ethanol, limiting the share of FAME in
diesel to 7 vol% (6.4% energy content) and the share of ethanol in petrol to 10 vol% (6.8%
energy content). Member States are, however, permitted to allow the placing on the market
of diesel with a FAME content greater than 7%, under certain conditions.

The EU’s energy and climate policy framework for 2030 does not provide binding targets for
renewable energy in transport. The post-2020 renewable energy policy as well as the future
policy on sustainable biomass and biofuels is yet to be shaped.

By 2014, almost all Member States, with the exception of Latvia, Cyprus and Estonia,
had implemented biofuel obligations (quota) for fuel suppliers. However, the level of
these obligations vary significantly between countries, from an average target less than
3% in Croatia and Greece, to 7% or higher in France, Poland and Slovenia. Member States
have clearly not foreseen the same growth paths towards 2020. In addition, tax incentives for
biofuels are provided in approximately half of the EU Member States, including one of the
countries without obligation, Latvia (there is no information on tax incentives for Cyprus, and
no incentive in Estonia). Nine Member States have specific tax incentives in place for higher
blends: Germany, Hungary, Croatia, Latvia, Lithuania, Romania, Slovenia, Sweden and the
Czech Republic. These incentives do differ, however, as they target different blends or
provide different levels of incentives.

When assessing the progress of the various Member States towards the 10% target of
the RED for 2020, current trends are found to be insufficient to meet the target on an
EU level. However, achieving the target by 2020 remains feasible, as concluded in the
Commission’s recent Renewable Energy Progress Report (COM(2015)293). There is a
significant variation in renewable energy shares throughout the EU (2013 data). Sweden has
by far the largest share in 2013, with 16.7%, clearly aiming for a much more ambitious level
of renewable energy in 2020 than needed for the RED target. Other Member States, notably
Austria, Germany, Finland and Poland, are well on track to meet the target. On the other
side of the spectrum, a number of countries, namely Estonia, Spain and Portugal, reported
shares less than 1%. These different rates of progress are typically the result of large
variations in blending obligations and financial incentives. Progress towards the 6% GHG
reduction target of the FQD cannot be assessed in a similar way, as the GHG intensity data
of the Member States or fuel suppliers are not yet monitored and reported on at EU level.

Blending limits have not been an issue in many Member States yet, as most biofuel
obligations are still below these limits. Various options to go beyond the B7 and E10
limits have been implemented, mostly, but not limited to the Member States with high
blending obligations and biofuel shares: Until now, E10 has been introduced in three
Member States: Finland, France and Germany, where the rest of the EU has E5 or only pure
petrol on the market (see the overview in the next chapter). Experiences with the introduction
of E10 vary between these three countries, these are described in Section 1.3.4.1. B8 has
been allowed in France (although it is not yet being sold yet), fungible (drop-in) biofuels such
as HVO are being blended in the EU (but market shares are limited due to higher cost) and
incentives for E85 are in place in some Member States (at least in France and Finland).

Recommendations

Looking at the various findings in this chapter, a number of recommendations for
improvement of the biofuel policy framework can be derived:
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m Closely monitor and assess Member State policies and progress in the coming years, to
ensure that the 2020 targets are met. A number of Member States with currently very low

biofuel shares (Estonia, Spain and Portugal in particular, but see Table 1.5 for more

information about the other countries) need to follow very ambitious growth paths in the

coming years.

m The impacts of the ILUC decision on Member State policies and progress towards the
targets should be assessed, to ensure that policies are adequately modified and the
2020 target is met with these new conditions. To facilitate this, it is recommended to
revise the policy plans and indicative trajectories that the Member States submitted in
their National Renewable Energy Action Plans, to align them with this new regulation.

Potential issues that may arise due to the ILUC decision, for example related to potential

insufficient supply of advanced biofuels or biofuels from waste and residues, will be
further analysed in Section 1.6.

m Progress towards the FQD target for the GHG intensity of transport fuels should be
monitored at the EU level, similar to the monitoring and reporting for the RED. The
methodological basis for this monitoring was recently decided on, and laid down in

Council Directive (2015) 652 (which is to be transposed by Member States by April 2017)

= Member States should be encouraged to assess what fuel blends they expect to need to
meet the 2020 targets. As a start, it is recommended that all Member States prepare for

the introduction of E10, as this allows an increase of the level of biofuels in petrol with
relatively little effort (see Section 1.4.3 for a further assessment). This is likely to be

necessary to supply the biofuel volumes to the market that are required to meet the 10%

targets.

= Member States should furthermore develop plans for post-2020 policies for biofuels, and
for the expected contribution of biofuels in their country towards the 2030 EU-wide target

of 27% renewable energy. This will allow stakeholders to anticipate and prepare for
future developments and demand.

m  The FQD sets maximum contents of biofuels and, for instance allows E5 as a petrol with

0-5 vol% ethanol and E10 to contain 0-10 vol% ethanol. Avoiding such overlap in
specifications by setting minimum level too could facilitate implementation of (financial)
incentives for biofuel.

Biofuel consumption and distribution

Introduction

This Section discusses the impact of new biofuel blends on fuel distribution practices.
Stakeholders involved in the fuel distribution chain mainly include refineries, oil companies,
fuel suppliers and filling stations owners. The structure of this Section is as follows:

m Current market shares and fuel sales of petrol and diesel are given in Section 1.4.2.

m The potential biofuel levels that could be achieved with the B7 and E10 blending limits
are assessed in Section 1.4.4.

m The structure of the fuel distribution market is discussed in Section 1.4.4.
m Technical opportunities and barriers are identified in Section 1.4.5.

= Non-technical opportunities and barriers are described in Section 1.4.6

m Conclusions and recommendations that can be drawn from these Sections can be found

in Section 1.4.7
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Current fuel sales
Market shares of petrol and diesel in transport

The current diesel and petrol fuel sales are presented in Table 1.6 (EU-level average) and
Figure 1.6 (data per Member State). The diesel-to-petrol ratio varies significantly between
Member States, as can be seen in Figure 1.6.

Refineries only have limited flexibility in the ratio of petrol and diesel they can produce, and
the current EU fuel output does not meet EU fuel demand: 10% of diesel demand needs to
imported, 40% of EU petrol production is exported®°. From an economic point of view, oil
companies would like to limit the level of diesel imports and the level of petrol exports. This
deficit of diesel and surplus of petrol is the result of the fact that heavy duty vehicles must
run on diesel to achieve the desired (technical) performance, in combination with Member
State fuel taxation regimes that favour diesel over petrol (this is the case in all EU Member
States, with the exception of the UK which has equal excise duties for diesel and petrol,
status 201331).

The demand for biofuels will impact these figures:

m increasing the share of biodiesel will may reduce the need for the import of diesel,
m replacing petrol by biopetrol could potentially increase export levels.

The net effect will depend on the balance between these two types of biofuel.

Oil companies and fuel suppliers will take this effect into account when deciding on the fuels
they will supply as it effects the economics of these decisions. The potential impact of
increased biofuel demand on refineries will be evaluated in Part 3 and 5 of this study.

Table 1.6  Share of diesel and petrol versus the share of biodiesel and biopetrol in the EU in

2014
Diesel | 70% Biodiesel 80%
Petrol ‘ 30% Biopetrol 20%

Source: Eurostat, 2015

30 http://www.epure.org/media-centre/opinion-editorial/ethanol-best-choice-achieve-higher-ghg-savings# ftn3

based on FuelsEurope/Eurostat/Biofuels Barometer
31 See http://www.eea.europa.eu/data-and-maps/daviz/road-fuel-excise-duties#tab-chart 1

FINAL REPORT 46


http://www.epure.org/media-centre/opinion-editorial/ethanol-best-choice-achieve-higher-ghg-savings#_ftn3
http://www.eea.europa.eu/data-and-maps/daviz/road-fuel-excise-duties#tab-chart_1

Impact of higher levels of bio components in transport fuels in the context of the Directive 98/70/EC of the European
Parliament and of the Council of 13 October 1998, relating to the quality of petrol and diesel fuels and amending
Council Directive 93/12/EEC

INTERNATIONAL

Figure 1.4 National fuel sales by fuel type across the EU (million litres)
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The shift to diesel is still ongoing in the EU, as can be seen in the data of Figure 1.5. This
trend is expected to continue in the coming years: in 2020 diesel volumes on the European
market are predicted to be four times as high as petrol sales (Ricardo-AEA, to be published).
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Figure 1.5 Temporal trends in EU fuel sales (Ricardo AEA, to be published)
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* Excludes France in 2003 - 2005, as no submissions were provided. Excludes Luxembourg in 2007 to 2009 and Malta in
2006 and 2009 as no reports were provided. In addition, the EU expanded in 2004, 2007 from 15 to 27 Member States
and in 2013 to 28 Member States.

1.4.2.2 Biofuel consumption and developments over the years

In 2013, 4.6% of the EU’s transport fuels was biofuels (in terms of energy content, rather
than volume), which amounts to 13.6 Mtoe (source: Eurostat data). 79% of this was
biodiesel, mostly FAME, 20% was biopetrol, the remainder mostly biogas fuel (Eurobserver,
2014). Putting these data into perspective, the total development of transport energy
consumption in the EU is shown in Figure 1.6. The share of biofuels has clearly increased
since 2004, but the large majority of transport fuels are still diesel and petrol.
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Figure 1.6  Final Energy Consumption — Transport
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Source: Eurostat, 2015

Looking into the trends of biofuel consumption in more detail (Figure 1.7) it can be seen that
after a steep growth of biofuel demand in the EU between 2004 and 2009, the growth curve
has levelled off, and demand even dropped between 2012 and 2013. This is mainly
explained by the introduction of the sustainability criteria (these Eurostat data only take into
account biofuels that comply with the criteria), policy changes (e.g. lowering of the target in
Spain, see Section 1.3.3.1) and an increasing use of double counting biofuels (from waste
and residues, see Section 1.6.2.1) to meet the biofuel obligations.

The relatively large share of biodiesel in the biofuel mix is mainly due to economic reasons
(source: interviews with fuel suppliers). As mentioned in Section 1.3.3.1, some Member
States have set minimum levels of biopetrol in their overall biofuel obligations to specifically
ensure that the market also demands petrol-replacements, and a diverse mix of biofuels is
developed. The biodiesel consumed in the EU is mainly FAME, with HVO having a market
share of about 7 to 8 percent (source: Neste Qil).

Figure 1.7 Development of biofuel consumption in EU-28 between 2004-2013
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Source: Eurostat, 2015 (double counting not taken into account)
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With a 4.6% average share of biofuels in total EU transport fuel sales (based on energy
content), the variations between Member States are quite significant, as can be seen in
Figure 1.8. Sweden clearly has the highest share, more than 16% in 2013, and another
fifteen Member States have achieved market shares above 4%, in 2013. Nevertheless, there
were still quite a few countries with shares below 1%: Bulgaria, Estonia, Greece, Spain,
Cyprus, Malta, Portugal and Finland.

In the EU as a whole, and in most Member States, biodiesel has a higher share in diesel
than biopetrol has in petrol, as shown in Figure 1.8 — the only exceptions are the UK,
Romania, the Netherlands, Latvia, Ireland, Spain and Estonia. Belgium has equal (4.0%)
biofuel shares in both petrol and diesel.3?

32 Details about the share of FAME and HVO in the biodiesel consumption data are not reported by Eurostat.
National consumption data of HVO are confidential, but NesteQil, the main producer, reports that HYO was sold
to 17 of the 28 Member States (source: NesteOil).
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Figure 1.8 Shares of biodiesel and biopetrol in total diesel and petrol sales, respectively, in 2013

EU 28

United Kingdom
Slovakia
Slovenia
Sweden

Romania

Portugal
Poland
Netherlands
Malta
Latvia
Luxembourg

Lithuania

Ital
= H biopetrol %

Ireland  biodiesel %

Hungary

France

Finland

Spain

Greece

Estonia
Denmark
Germany
Czech Republic
Cyprus
Bulgaria

Belgium

Austria

0% 2% 4% 6% 8% 10% 12% 14%

Source: Eurostat, 2015
Comparing these data with the current blending limits of B7 and E10:

m six Member States achieved a higher share of biodiesel sales than 7 vol%, i.e. 6.4 %
energy content: Austria, Bulgaria, Denmark, France, Poland, Portugal and Sweden. This
can be achieved with sales of FAME in higher blends in captive fleets (B20, B30 or
B100), or by adding HVO.

= no Member State exceeded the E10 level, i.e. 6.8% energy content, although Sweden
just reached this level.

Only Sweden had an overall biofuel share above the 7% energy content that was set as limit
for biofuels from food-based crops to count towards the RED target in the recent ILUC
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decision. Note that this does not mean that they overshoot the 7% cap, as part of Sweden’s
biofuels are produced from waste and residues (exact data are on this share are, however,
not available as Eurostat currently does not differentiate between food-based and other
types of biofuels) and Sweden already exceeds the 10% target — the cap only applies to the
biofuels that count towards the target.

Petrol and diesel blends in the Member States

Looking at the type of blends used to achieve these shares, the annual Fuel Quality
Monitoring reports of Member States can be of help. Based on the reports submitted over
2013, the shares of the different blends on the European market are depicted in Figure 1.9
(EC, 2015c).

Figure 1.9  EU Fuel Sales volumes by fuel type
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Source: EC, 2015c

Note: E+ are petrol types with ethanol levels higher than E10, B+ includes all diesel with FAME levels
higher than B7

The petrol fuels sold on the European market mainly have been sold as RON95 fuels and, to
a lesser extent, as RON 98. The majority of the fuels was labelled as E5. The overall shares
of E10 and ES85 (indicated as E+ in the figure) are negligible in the overall sales, although
may be significant in some Member States (see below).

Diesel has been almost entirely (99%) been sold as B7.

The variation in petrol grades between Member States is quite significant, as illustrated in
the figures below33; absolute sales of different grades of petrol are shown in Figure 1.10, the
same data are expressed as shares of total fuel sales (i.e. volume %) in Figure 1.11.

33 These figures are based on (Ricardo-AEA, 2015), a report for the European Commission which is confidential
but contains more detailed data than (EC, 2015c). Permission was granted to use these data in this report.
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A somewhat different cross Section of the data is shown in Figure 1.12 and Figure 1.13,
where the different RON-grades are combined, and the figures only distinguish between EO,
ES5, E10 and E+.

The figures show that E5, and in particular E5 RON 95, is the main petrol grade sold in most
Member States. However, some countries, namely Cyprus, Greece, Hungary, Lithuania,
Malta and Portugal have almost no E5 in their fuel mix, only pure petrol, according to
Ricardo-AEA, 2015. As discussed in the previous chapter, E10 is only available in Germany,
France and Finland. The market share of E10 is highest in Finland, almost 60% of the total
petrol market, whereas France has about 30% market share of E10, and Germany about
15%. E+, i.e. ethanol blends higher that 10 vol%, has been sold in France, Czech Republic,
Lithuania and Latvia. However, these data are somewhat uncertain, as (Ricardo-AEA, 2015)
states that Member States reporting of fuels with high bioethanol/ FAME blends (e.g. E85) is
inconsistent, as this type of fuel is not covered by the Fuel Quality Monitoring Directive.

Figure 1.10 Fuel sales of ethanol blends per Member State in 2013, in million litres
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Source: Ricardo-AEA, 2015
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Figure 1.11 Fuel sales of ethanol blends per Member State in 2013, in volume %
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Figure 1.12 Fuel sales of ethanol blends per Member State (aggregated) in 2013, in million litres
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Source: Ricardo-AEA, 2015

Note: E+ are petrol types with ethanol levels higher than E10
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Figure 1.13 Fuel sales of ethanol blends per Member State (aggregated) in 2013, in volume %
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Source: Ricardo-AEA, 2015

Note: E+ are petrol types with ethanol levels higher than E10

Looking at the diesel blends in the EU, shown in Figure 1.14 (absolute sales) and Figure
1.15 (in vol%), it can be concluded that the majority of Member States only have B7 on their
market. The only exceptions are Estonia and Latvia: in the first, only pure diesel is available,
in the second, pure diesel still has a market share of almost 60%. Diesels with FAME levels
higher than B7 (B+) are only reported in the Czech Republic. These are used in dedicated
vehicles or captive fleets, typically as B20, B30 or B100. However, as mentioned above,
Member State reporting of these high blend fuels may not be consistent as this type of fuel is
not covered by the Fuel Quality Monitoring Directive (Ricardo-AEA, 2015).
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Figure 1.14 Fuel sales of diesel blends per Member State in 2013, in million litres
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Source: Ricardo-AEA, 2015. B+ are diesel types with FAME levels higher than B7
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Figure 1.15 Fuel sales of diesel blends per Member State in 2013, in volume % of total diesel sales
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Source: Ricardo-AEA, 2015

Note that these data are sales of different petrol and diesel grades, which do not as such
indicate whether Member States have allowed the blends specified in the FQD on their
national markets. So the fact that E10 has only a substantial market share in a few Member
States does not imply E10 has not been allowed in national legislation.

Also, they do not say anything about the actual biofuel volumes sold: as explained before,
the names of the biofuel blends only indicate the maximum volume% that is allowed in that
type of petrol and diesel, as specified in the FQD. For example, B7 may contain a FAME
vol% between 0 and 7.

There are only limited and relatively uncertain data available on trends regarding biofuel
blends in the EU, as Member States are only required to report on biofuel content from 2011
onwards, and the report on 2011 still had a number of inconsistencies (e.g. the Netherlands
reported only EO and BO on its market, whereas Eurostat data show that biopetrol had a
share of 3 energy% in overall petrol consumption, and biodiesel has a 2.5 energy% share of
overall diesel consumption). Since then, however, reporting has improved, as (Ricardo-AEA,
2015) concludes.

Potential of B7/ E5 and E10

As the majority of Member States do not yet make use of the full potential of the current
blending limits B7 and E10, several stakeholders mentioned that a more widespread use of
B7 and E10 would be a logical next step in increasing biofuel volumes. The maximum
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marketing potential of these blending limits have not been reached yet, and this would be a
relatively simple route to increase biofuel sales without vehicle adaptations and with limited
impact on fuel distribution. The only implications would be introducing E10 on all national
markets, for example by putting the necessary incentives in place and implement information
campaigns for consumers, as was discussed and illustrated by the experiences in Finland,
France and Germany in Section 1.3.4.1. As was shown in Section 1.3.2.2, in terms of energy
content, B7 would allow up to 6.4% FAME, E10 up to 6.8% of ethanol.

As will be demonstrated in the following, there is still a lot of potential to further increase
ethanol sales, if more, and eventually all, Member States would introduce E10, either by
providing specific incentives for E10 or by gradually increasing the obligations and thus
encouraging the fuel suppliers to introduce and actively market E10. Similarly, FAME sales
can be further increased within the current blending limits if all Member States would move
to B7, and at the same time increase their biofuel obligations so that fuel suppliers indeed
blend FAME in their diesel to the maximum level allowed.

The current situation

This is demonstrated in the following tables, where the 2013 fuel sales data are analysed for
all EU Member States. Table 1.7 compares the current biodiesel consumption to the
maximum level within the limits, B7 (which equates to 6.4% FAME, in energy content). As
was shown in the previous Section, several countries, namely Austria, Bulgaria, Denmark,
France, Poland and Portugal, already consume more biodiesel than the B7 level would
allow, where Sweden sells almost twice as much as the blending limit allows. These are also
the countries with relatively high blending obligations, in some cases supported by tax
incentives for biofuels — see the Member State policy overview in Section 1.3.3. These
higher shares can be achieved with higher FAME blends in captive fleets, non-road modes
and/or by blending HVO.

In the other Member States the share of FAME can still increase quite significantly within the
current blending limits: a total of 12 Member States can still add two or more percent of
FAME to their diesel within the limits.

Note that Estonia is the only country that did not sell any biodiesel in 2013, which is
confirmed by Fuel Quality Monitoring data shown in the previous Section (100% pure diesel
in Estonia). The other country that still had a significant market share of pure diesel (almost
60%), Latvia, achieved a 3% share of biodiesel in 2013.

Table 1.7 Maximum current blending potential (ktoe) in diesel for the individual Member
States

biodiesel 2013 biodiesel

Total diesel k Additional blending
consumption consumption share potential (to B7)
(2013) (energy %)
AT 6,003 423 7.0% -0.7%
‘ BE 7,007 281 4.0% 2.4%
BG 1,483 96 6.5% -0.1%
| cY 252 15 5.9% 0.4%
cz 3,808 224 5.9% 0.5%
‘ DE 33,075 1,893 5.7% 0.7%
DK 2,517 227 9.0% -2.6%
‘ EE 484 0 0.0% 6.4%
EL 2,164 121 5.6% 0.8%
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Total diesel biodiese'l 2013 biodiesel Additional blending
consumption consumption ELELE potential (to B7)
(2013) (energy %)
ES 21,335 716 3.4% 3.0%
Fl 2,576 155 6.0% 0.4%
FR 34,285 2,299 6.7% -0.3%
HU 2,009 106 5.3% 1.1%
IE 2,282 45 2.0% 4.4%
IT 21,435 1,176 5.5% 0.9%
LT 1,052 51 4.9% 1.5%
LU 1,772 55 3.1% 3.3%
LV 642 15 2.4% 4.0%
MT 109 3 2.8% 3.6%
NL 6,304 194 3.1% 3.3%
PL 8,930 603 6.8% -0.4%
PT 3,751 255 6.8% -0.4%
RO 3,468 122 3.5% 2.9%
SE 3,746 451 12.0% -5.6%
Sl 1,266 56 4.4% 2.0%
SK 1,353 81 6.0% 0.4%
UK 23,772 599 2.5% 3.9%
EU total 196,884 10.261 5.2% 1.2%

Source: Eurostat fuels consumption in transport data, 2013

The 2013 data for petrol are shown in Table 1.8. Here, the 2013 petrol consumption data are
compared with the biopetrol consumption, illustrating that biopetrol shares are still relatively
limited in almost all Member States. As most Member States only have E5 petrol grades on
their market (equal to 3.3% energy), it is not surprising that many countries have biopetrol
shares lower than 3.3%.

However, there are still quite a number of countries with biopetrol shares between 3.3 and 5
energy%, namely Austria, Belgium, Czech Republic, Germany, Spain, Finland, Poland,
Romania and the UK. In Germany and Finland, this can be explained by the market shares
of E10, in the other countries we can assume that E85 also has a market share (either in
captive fleets or on public filling stations, for flex fuel vehicles). Note that many of these
countries had tax incentives for higher blends of biopetrol, as shown in Section 1.3.3.2.

Only France and Sweden had shares higher than 5 % (energy content, which equals about
7.6 vol%). For France, this can be explained by the relatively high market share of E10
(almost 60%, see Section 1.4.2.3). As Sweden only reported E5 petrol grades, it can be
assumed that the remaining bioetprol is due to sales of E85. However, as explained in
Section 1.4.2.3 the current Fuel Quality Monitoring requirements do not require reporting of
high biofuel blends, and reliable data on consumption of these blends are currently not
available.
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Table 1.8  Maximum current blending potential (ktoe) in petrol for the individual Member

States
Petrol biopetrc.ol 2013 biopetrol Additional
e consumption share blending potential

(2013) (energy %) (to E10)
AT 1,561 67 4.3% 2.3%
BE 1,193 48 4.0% 2.6%
BG 442 8 1.9% 4.7%
cy 369 0 0.0% 6.6%
Cz 1,574 54 3.4% 3.2%
DE 17,591 765 4.3% 2.3%
DK 1,336 0 0.0% 6.6%
EE 241 3 1.3% 5.3%
EL 2,834 0 0.0% 6.6%
ES 4,666 167 3.6% 3.0%
FI 1,401 66 4.7% 1.9%
FR 6,739 392 5.8% 0.8%
HU 1,193 38 3.1% 3.5%
IE 1,186 28 2.3% 4.3%
IT 8,399 74 0.9% 5.7%
LT 210 6 3.1% 3.6%
LU 327 1 0.2% 6.4%
LV 210 6 3.0% 3.6%
MT 75 0 0.0% 6.6%
NL 3,956 125 3.2% 3.4%
PL 3,660 144 3.9% 2.7%
PT 1,148 5 0.4% 6.2%
RO 1,268 56 4.4% 2.2%
SE 2,662 180 6.8% -0.1%
SI 485 6 1.2% 5.4%
SK 563 18 3.2% 3.4%
UK 13,450 459 3.4% 3.2%
EU total 78,736 2,715 3.4% 2.9%

Source: Eurostat fuels consumption in transport data, 2013
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Expectations for 2020

In (CE Delft, 2013), the potential of the current blending limits were compared to the biofuel
volumes that the Member States expected to use in 2020, according to their NREAPS. This
allowed to assess to what extent the 2020 renewable energy in transport target could be met
with the current blending limits, and to determine whether higher blends or other measures
would be needed (without taking into account the recent ILUC decision).

The EU-wide result is shown in Table 1.9, together with the blending potential of non-road
modes (not part of this assessment) and a volume of HVO that was considered to be the
maximum achievable potential for 2020 (limited by production capacities). This table shows
that overall EU sales of both biodiesel and biopetrol can still increase significantly within the
current blending limits: biodiesel sales, currently at 10.7 Mtoe (2013), can increase to 17
Mtoe, of which 15 Mtoe FAME, and biopetrol can increase from the current 2.7 Mtoe to 7
Mtoe.

However, the table also shows that B7 is insufficient to accommodate the Member State’s
plans regarding biodiesel volumes in 2020. 5 Mtoe of FAME will have to be brought on the
market through higher blends, higher shares of HVO or much larger volumes of double
counting biodiesel than anticipated in the NREAPs — in the NREAPSs, Member States
expected that 7% of their biodiesel would be double counting in 2020.

The gap is smaller for biopetrol: if all Member States make full use of E10 in 2020, 1 Mtoe of
biopetrol would have to be sold through higher blends, more use of double counting ethanol
or other biopetrol options. In the NREAPs, MS expect 9% of the biopetrol in 2020 to be
double counting.

As mentioned before, the biofuel plans outlined by the Member States in the NREAPs do not
yet take the ILUC decision into account. This decision may be expected, for example, to
result in an increase of the share of double counting biofuels, which will reduce the actual
biofuel volumes that need to be consumed to meet the 10% target in 2020. This is likely to
reduce the gap, i.e. reduce the biofuel volumes that remain after the blending limits have
been used to the maximum. The increase in multiplication factors in the RED for renewable
electricity used in road and rail may further enhance this effect, and also results in a
reduction of biofuel consumption that is required for the 10% RED target. As new plans have
not yet been submitted, this analysis is still based on the most recently submitted NREAPs.
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Table 1.9 Maximum blending potential (Mtoe) in diesel and petrol, and gap with the NREAPs in

2020

. Mtoe expected
Actual sales in P

Type of
biofuel

Application

Biofuel blending
potential (Mtoe)

2013 (Mtoe,
Eurostat)

in 2020,
according to
NREAPs

Gap with
NREAPs

Biodiesel FAME B7 in road 13
FAME B7 in non- 5
road 10.7 22 5
HVO 2
Total 17
Biopetrol E10 in road 7
E101in 0 2.7 7 1
non-road
Total 7
Total 22 29 8

Source: CE Delft, 2013 and Eurostat, 2013
Note: Non-road includes mobile machinery.

There are large differences between Member States, however, due to different diesel-to-
petrol ratios and different biofuel strategies. This can be seen in the tables below, where the
detailed data for the various Member States are shown (from CE Delft, 2013)3. It should be
noted that these data are relatively uncertain, as the blending potential was estimated using
PRIMES fuel demand forecasts for 2020 (reference scenario 2012) which are relatively
uncertain on a Member State level (CE Delft, 2013).

The results for diesel, shown in Table 1.10, show that almost all Member States, with the
exception of Cyprus, Hungary, Latvia, Malta and Slovakia, are likely to need higher blends, a
large share of double counting biofuels or some other solutions (HVO, FAME in non-road
modes) it they are to achieve the biodiesel shares given in their NREAPs, in 2020. Assuming
these forecasts are correct, there are eleven Member States that can only blend less than
60% of their expected biodiesel volumes in 2020 as FAME in road transport, with the current
blending limits: Belgium, Bulgaria, the Czech Republic, Germany, Estonia, Finland, Ireland,
Lithuania, Poland, Slovenia and the UK. They all need to resort to other solutions to bring
more than 40% of their expected biodiesel volumes onto the market.

Table 1.10 Maximum blending potential (ktoe) in diesel in 2020, compared the NREAPs
expectations, for the individual Member States

Biodiesel . EELD

B7: FAME blending . . (in % of

ial in 2020 demand in Gap with biodiesel

el NREAPs NREAPs (ktoe) .

(ktoe) (ktoe) demand in

NREAPs)
AT 313 411 98 24%
BE 385 697 313 45%
BG 117 220 103 47%

34 Note that non-road modes and HVO are not included in this table.
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B7: FAME blending dBiodiese_I . (ir? ;pof
emand in Gap with . .
potential in 2020 NREAPS NREAPs (ktoe) blodlese'l
(ktoe) (ktoe) demand in

NREAPs)
cY 24 24 -2 -8%
Ccz 291 494 203 41%
DE 1,997 4,443 2,446 55%
DK 141 167 26 16%
EE 29 50 21 42%
EL 150 203 53 26%
ES 1,894 3,100 1,206 39%
Fi 136 430 294 68%
FR 1,911 2,849 939 33%
HU 208 203 -7 -3%
IE 172 342 170 50%
T 1,381 1,880 499 27%
LT 62 131 69 53%
LU 131 193 62 32%
Lv 50 29 21 -72%
MT 10 7 -2 -29%
NL 418 552 134 24%
PL 721 1,452 728 50%
PT 299 449 153 34%
RO 244 325 84 26%
SE 246 251 7 3%
S 100 174 74 43%
SK 112 110 -2 -2%
UK 1,297 2,463 1,166 47%

Source: CE Delft, 2013

NB. Positive numbers: blending potential lower than expected demand; negative numbers: blending
potential higher than expected demand

The results for petrol, i.e. the E10 blending potential, shown in Table 1.11, is quite different.
Comparing the petrol demand forecast with the NREAP biofuel volumes, many Member
States do not expect to use the blending potential that E10 offers, in 2020. Portugal and
Slovenia only use a quarter and one third of the E10 blending potential, respectively. These
countries can significantly increase overall biofuel demand within the current blending limits
by increasing the share of ethanol demand up to the E10 level.
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Table 1.11 Maximum blending potential (ktoe) in petrol in 2020, compared the NREAPs
expectations, for the individual Member States

E10: Bioethanol Biopetrol . Gap
blending potential in demand in ?\Ia:E:'::: (in % of biopetrol
2020 NREAPs demand in NREAPS)

AT 127 79 -45 -57%
BE 103 91 -12 -13%
BG 43 60 17 28%
¢ 21 14 -7 -50%
cz 162 129 -33 -26%
DE 1163 857 -308 -36%
DK 105 93 -12 -13%
EE 17 38 21 55%
EL 253 413 160 39%
ES 490 399 -88 -22%
Fl 105 129 24 19%
FR 640 650 10 2%
HU 122 303 184 61%
IE 119 139 19 14%
IT 970 600 -368 -61%
LT 31 36 5 14%
LU 26 24 -2 -8%
LV 24 19 -7 -37%
MT 2 5 2 40%
NL 201 282 81 29%
PL 356 451 96 21%
PT 107 26 -81 -312%
RO 129 162 33 20%
SE 232 466 234 50%
Sl 50 19 -31 -163%
SK 48 74 26 35%
UK 1039 1744 702 40%

Source: CE Delft, 2013 and Eurostat, 2013

NB. Positive numbers: blending potential lower than expected demand; negative numbers: blending
potential higher than expected demand
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Fuel distribution impacts of introducing a new blend

When new blends or fuel grades such as E20 or B10 are to be introduced on the fuel market,
they cannot just replace the current E5/E10 or B7, as a large share of the current vehicle
fleet is not compatible with these new fuels. The current blends need to remain available
throughout the EU as protection grades for many years, until the non-compatible vehicles
are phased out of the market. The following Section will zoom in on the implication of
additional blends to fuel distribution, from refineries to the retail stations and end consumers.
The issue of compatibility vehicles and their market penetration is discussed further in the
next chapter.

If a new blend is introduced, all stakeholders in the fuel market, i.e. fuel suppliers,
distributors and owners of retail stations will be faced with the choice of whether they will
offer the new blend to their customers. They have three basic options:

a. introduce the new blend by replacing an existing fuel grade that they offer;

b. investin expanding the existing infrastructure (such as pipelines, subsurface fuel
tanks and pumps) and logistics and add the new blend to their existing portfolio;

c. notintroduce the new blend, i.e. maintain their current fuel grade portfolio, and wait
until market demand for the new blend is sufficient to warrant replacing one of their
existing fuel grades.

The latter option assumes that they are not obliged to offer the new blend.

The cost and benefits of these three options, and therefore the optimal choice for a specific
stakeholder, depends on the specific situation: on the local fuel market, the characteristics of
the distribution and retail stations (for example the number of grades they are equipped to
sell) and the cost and practical feasibility of expanding the infrastructure. The ownership of
the infrastructure and retail stations is also a relevant factor: larger companies typically have
more resources and opportunities for investments than smaller companies or retailers that
sell with low margins.

As cost and benefits will vary between suppliers and even per fuel retail station, introducing
a new blend may cause market distortion effects: if one retailer has the opportunity to add
the new blend to its portfolio with limited cost, and a competitor does not and has to choose
which blend to offer (for example, a small service station with just one fuel grade and
insufficient means to invest), the latter is likely to lose market share to the first. As will be
demonstrated in the next Section, there are a number of countries where this issue is
particularly relevant.

To create insight in the effects that introducing a higher blend may have on the fuel
distribution sector, the following paragraphs provide an overview and qualitative assessment
of the impacts that may occur. First, the structure of the fuel market is addressed, followed
by an overview of the technical opportunities and barriers of introducing a new blend on the
market. This analysis is qualitative only, however, as data on cost and economic impacts of
the various options are unavailable in public literature. As far as we are aware, the potential
financial impacts of higher blends on fuel distribution and the relevant stakeholders have not
been quantified or analysed in detail yet in the public literature. The introduction of E10 in
France, Finland and Germany (described in Section 1.3.4.1) provides some information on
the mechanisms that occur in the market when an additional petrol grade is introduced, but a
(quantitative) assessment of the impacts has not yet been carried out.

Structure of the fuel market

Fuel markets in different Member States can have various ownership structures, depending
on national circumstances and regulations. This is illustrated in Figure 1.16 where the
potential routes from the oil fields to retail customers are depicted for fossil fuels. (OECD,
2013) In some countries, supermarkets are also an important point of retail for fuels (see
below).
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Figure 1.16 Road fuel supply chain
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Source: OECD, 2013 (adapted from Deck and Wilson (2004)

INTERNATIONAL

Biofuels can be added to these fossil fuels at various stages in the supply chain: they can be
added at the refinery site itself, before the fuel is transported to distribution sites, or at the

point of fuelling the tanker, when it is filled up to supply the filling stations.

As shown in the figure above, there are four different type of retailers:

m Vertically integrated oil companies operating at all levels of the fuel chain

(company owned — company operated (COCO)): Prices at the pump are determined

by refiners.

m Dealers operating under an oil company (company owned — dealer operated =
CODO): Dealers operating under an oil company carry the commercial risk and are
responsible for their own prices. However, these businesses can be strongly influenced

by contractual arrangements between the oil companies and the dealer.

m Independent fuel suppliers —dealer owned —dealer operated (DODO):

Independent fuel suppliers own and operate their service stations. Although they are
often supplied by oil companies, these fuel suppliers are less affected by contractual

agreements and they can determine their own prices.

m  Supermarkets: supermarkets are not depicted in the figure above, but are a category on
its own, and have a significant market share in some countries. The retail of road fuel is
typically not part of the core business of supermarkets, but these service stations are
mostly located near shopping centres and can be considered to be a means to attract
customers. These service stations typically buy very high volumes of fuel at lower

wholesale price and also sell it at a very low gross margin.
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Figure 1.17 Market share per fuel retailers type
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Source: Verdict Refail 2012

Table 1.12 shows how the ownership structure varies for a number of Member States in the
EU (source: (OECD, 2013), unless stated otherwise). Note that not all MS are included in
this table as not all have been assessed in these studies, so this table rather provides an
illustration of the variation throughout the EU, rather than a comprehensive EU-wide

overview.

In Germany, Greece, Italy and, to a lesser extent, Austria, Bulgaria, Portugal, Romania,
Spain and Sweden, the fuels market is largely dominated by a limited number of major
companies — in these countries, they hold market shares of more than 60%. The fuel
markets in Latvia, Lithuania, Poland and the UK are much more fragmented. In these
countries, independent retailers, small companies or supermarkets are responsible for about
40% to 75% of the fuel sales.

Table 1.12

Description of fuel market for 13 Member States

Austria

Of the 1545 petrol stations (end 2011), 60 %, were so called major-branded.
The majors' market shares are — also relating to sales — comparatively high but
decreasing over the last years (in 2003 they had a common market share of 85
% of annual fuel sales, in 2008 it declined to 77 %, the five biggest firms
having 76 %).

Bulgaria

The sole distributor for the fuel quantities produced in the one refinery in
Bulgaria is “Lukoil Bulgaria”, accounting for approx. 60 % of the petrol and 70
% of the diesel supply in Bulgaria. “Lukoil Bulgaria” was a pricing leader on
both wholesale and retail markets (2009-2011). Significant market share at the
retail level of vertically integrated wholesalers. Except for the branded petrol
stations the retail market was composed of a large number of insignificant
market players (around 3200 independent petrol stations in Bulgaria).

Germany

Five leading companies (vertically integrated along the value chain), together
hold a dominant position on the retail market.

Greece

There are approximately 6.500 petrol filling station that cover the demand for
oil products. The majority of them are company owned-dealer operated
(CODOs) or dealer owned dealer operated (DODOSs).. Nearly 400 are
unbranded / independent.

Italy

The Italian fuel retail market (studied in 2010-2012) is still dominated by the
seven vertically integrated oil companies, controlling 22000 fuel stations. There
are around 2000 independent retailers and 82 retailing stations owned by
supermarkets. The number of independent retailers, however, has significantly

35 From http://www.cbre.eu/portal/pls/portalires_rep.show_report?report_id=3217
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increased in the last few years (in 2005 they were estimated to be around
1100).

Latvia Latvia’s fuel retail market (2011) is predominantly operated by small
independent retailers, which own 32.5% of service stations. The top three
players, account for 62% of total fuel volume sales in Latvia (Data monitor
group 2013)

Lithuania There are approximately 880 service station in Lithuania (January 1, 2012).
The Top Five players by fuel volume share accounted for only 35.0% of the
Lithuanian service station network, indicating a fragmented (Data monitor
group 2013).

Poland Orlen (former state monopoly in the wholesale and retailing of petroleum
products) is by far the largest retailer of road fuels, controlling about 25% of all
petrol stations in Poland (around 1750 stations) through ownership, franchising
or similar contracts. Orlen-controlled. Its largest 4 competitors (Vertically
integrated oil companies) have a share of 5-7% in the national retail market.
Only 2-3% of stations are operated by supermarket chains. Of the remaining
3000 stations, which constitute about 45% of the national market, the vast
majority are owned and operated independently or within small regional chains

Portugal The top four fuel retailers in Portugal account for 70.6% of the national service
station network, with Galp, the largest player, accounting for 29.7% of all sites
(Data monitor group 2013). The aggregate market share of
super/hypermarkets in the retail market for diesel and petrol-95 has reached
around 25%.(OECD, 2013)

Romania In 2011, the top five fuel retailers in Romania accounted for 63.9% of all
service stations (1,944 sites).

Spain In Spain there are about 9,000 petrol stations, most of which (83%) are owned
by wholesale operators through exclusive distribution agreements. Three
operators with refining capacity in Spain jointly own 70-73% retail market
share. Petrol stations hypermarkets and supermarkets only have 3% of market

share,

Sweden The Top Five retailers in Sweden accounted for 71.3% of all service stations
(2,786) in 2011 (Data monitor group 2013).

United Kingdom Supermarkets have share of road fuel sold in the UK of 39 per cent in 2012.

This share is increasing (OECD 2013).

The station are owned for 55% by oil companies, 19% by main retailers, 16%
by supermarkets and 10% by unbranded and other retailers (Energy institute
2014)..

Source: OECD, 2013

In the countries with a limited number of dominant companies in the market (e.g. Germany,
Greece and ltaly in Table 1.12), it is to be expected that these companies will be in a key
position to decide on whether or not a new fuel grade is rolled out on a large scale. If they do
so, the smaller retailers either need to follow and also offer the new grade, or rather keep the
current portfolio of fuel grades, thus risking to lose market share to those competitors that do
offer the new grade. This may have two implications: first, a limited number of stakeholders
control the fuel market and are therefore key to the successful introduction of a new fuel
grade, and second, introducing a new blend can lead to negative economic impacts on the
smaller retailers.

In the countries with a more fragmented and diverse fuel market (such as Latvia, Lithuania,
Poland and the UK), a successful roll-out of a new blend requires the active involvement of
many different stakeholders (i.e. retailers). As these stakeholders are likely to have more
limited resources than the major oil companies, they may still be faced with potential
negative economic impacts: in all countries listed in this table, major oil companies have at
least some market share, and thus can decide to introduce the new grade. This may then
lead to the same type of market distortion described above, although the impacts are likely to
be smaller than in the countries with a limited number of dominant market players.
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In view of the potential impacts of new blends on the market structure and the current lack of
(quantitative) insight into these effects, it is recommended to further assess these impacts
before considering policy options. This assessment could start with an analysis of impacts of
the introduction of E10 in Finland, France and Germany on the market structure and the
various stakeholders, in order to identify whether any market distortion effects occurred and
to assess whether the market structure poses barriers to the successful introduction of a new
blend.

To illustrate how many petrol stations would be involved in the roll-out of a new blend in each
Member State, Figure 1.18 provides data from the National Oil Industry Association on the
number of petrol stations throughout Europe: there are about 130,000 petrol stations within
the EU, almost half of these are located in Italy, Germany, France and Spain. There are no
data on the number of fuel pumps or fuel grades that these petrol stations can offer.

Figure 1.18 Number of petrol stations in Europe in 2013
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Technical issues and barriers to introducing higher biofuel blends

Despite fuel standards and quality control, biofuels have somewhat different technical
characteristics than fossil fuels. Higher blends can thus cause a number of technical issues
in fuel distribution, which will be described in the following Sections.
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Refinery/distribution level
BOB (blendstock for oxygenate blending)

Nowadays oil companies usually use two base blendstocks (BOB = blendstock for
oxygenate blending): one for E5 and E10 RON95 and one for RON98 (Davison Consultants
Itd, 2013). The introduction of new blend levels is expected to directly impact the number and
type of base blendstocks, so called BOB, because higher ethanol blends require other BOBs
(with lower vapour pressure, modified distillation characteristics and reduced octane) to still
meet the fuel specifications, as laid down in EN228. Addition of ethanol to petrol also offers
a significant octane boost, more than hydrocarbon streams, Davison (2013) concludes that
the octane gain from an additional 10% ethanol is about 3 points RON. This can be
beneficial to the fuel economy of vehicles if the engine is optimised for this higher octane
level, as discussed in Chapter 2.

Therefore, from a logistics perspective an increase in BOBs in the EU would increase cost
and require investments, for example in additional storage tanks®®. A solution would be to
define a new specification other than EN228 to be able to have only one BOB in place for all
fuel blends, (Davison Consultants Itd, 2013) concludes. They suggest to develop a table for
vapour pressure waiver for different levels of ethanol (e.g. 15-20 vol% or 20-25 vol%), similar
to the waiver that is currently included in EN228, for ethanol levels from 0 to 10%. Different
petrol specifications could have implications for the engines (drivability) and vehicle
emissions, as these are sensitive to the fuel characteristics. (Davison Consultants Itd, 2013)
recommends that further study of these issues is required.

Service station level
Practical issues when introducing a new fuel grade

As shown in Section 1.4.4.1, there are currently about 130,000 petrol stations within the EU,
but detailed data on the fuel grades that they provide or the number of fuel tanks or pumps
they have available are not available. From the interviews with fuel suppliers it can, however,
be concluded that some of these may offer up to 3 to 4 grades of petrol and up to two grades
of diesel, which typically include:

m 95RONE5S

= 95RON E10

m 98 RON E5 premium

m 100 + RON super premium

m Standard and premium diesel grade

For many smaller refuelling stations, however, this number will be limited to 1 or 2 grades of
petrol, and 1 grade of diesel.

If a new grade is introduced, for example E10 or, in the future, E20, part of the vehicle fleet
will switch to that new blend, but part may continue to buy the older grades, for example E5
— typically either because their vehicle is not compatible with the new grade, or because of a
cost differential. As explained earlier, the smaller service stations may then have to choose
which blend they will sell, as they are limited in the number of fuel grades they can sell. They
may then loose customers that want to buy any of the other blends.

Alternatively, they may consider to make the investments required to offer more fuel grades.
This typically involves investments in new (subsurface) fuel tanks and the necessary
infrastructure to fill these tanks and sell the fuels (pumps, fuel piping, etc.), and requires a
suitable location as well as permits from the relevant authorities. Although (S. Searle, 2014)
report that the cost to retrofit an existing dispenser to use a higher ethanol blend, such as
E25 is between US$1000-US$4000, there is still insufficient data on the potential costs to
introduce a new blend at a filling station, of which new storage is the largest cost element.

36 These costs have not yet been quantified.

FINAL REPORT 71



Impact of higher levels of bio components in transport fuels in the context of the Directive 98/70/EC of the European
Parliament and of the Council of 13 October 1998, relating to the quality of petrol and diesel fuels and amending
Council Directive 93/12/EEC

INTERNATIONAL

These data are typically confidential, and will differ between service stations, so the cost of
the various options cannot be quantified at the moment.

Because the options to add a new fuels grade are limited and may require significant
investments, it is likely that refuelling stations will first try introduce new blends by replacing
other already existing blends. This could be observed in the Member States where E10 has
become available, as was described in Section 1.3.4.1:

m in Germany, before E10 was introduced many petrol stations offered E5 RON95, a
RONB91 fuel and a premium E5 RON98. In many cases, the E10 RON95 has replaced
the RON91 petrol (source: interview with German authorities).

m in France, the premium petrol grade (typically RON98) was typically replaced by E10
RONO95 (source: interview with French authorities), which is now sold next to E5 RON95
(see the fuels sales data in Section 1.4.2.3, Figure 1.11).

When moving towards new biofuel blends that cannot be used by the whole vehicle fleet, it is
thus important to think about what will be the protection grade, and what will be the best
options for fuel suppliers and service stations to offer. For example, two potential longer term
options to move beyond the current E10 limit for petrol would be to:

m replace E5 with E10 as the base (protection) fuel (i.e. discontinue the sales of E5), and
offer E20 or E25 as a new fuel

m replace E10 with a E20/25 100+Ron fuel, and retain a E5 or hydrocarbon 98+ premium
fuel as protection grade.

These options both have the advantage that the whole fleet can be supplied with two
different grades of petrol, but have different implications regarding potential biofuel sales,
pricing, perhaps regarding number of BOB required (depending on specifications), etc.

The need for protection grades in currently existing infrastructure raises the question how
long protection grades should be offered. This depends of course on the renewal rate of the
vehicle fleet (to be discussed in Section 1.5 below), but also on the more subjective choice
regarding at what share of incompatible vehicles it is justified to stop offering the protection
grade. The time period may be reduced if it is possible to retrofit older cars to make them
compatible or at least tolerant to the new fuel, or if an additive can be added to the fuel to
achieve the same result. However, as the average lifetime of passenger cars is more than 15
years, and a significant share of the new cars currently sold is expected to have lifetime
(much) longer than this, it is clear that complete renewal of a fleet takes more than two
decades.

Impacts on equipment / material compatibility

Besides logistical modifications and physical space required for additional storage tanks and
equipment, higher levels of biocomponents may also require modifications to equipment due
to material compatibility issues. This is especially an issue for higher ethanol blends: the
higher the blend, the more measures need to be taken to prevent corrosion.

According to (Davison Consultants Itd, 2013), oil companies state that technical issues arise
beyond E15. For some oil companies, blend levels above E15 cause issues in their tank
systems through the supply chain from depot to petrol station, which increases cost. Costs
may further increase due to additional infrastructure needs. Beyond E18 there may be a
need to change metalwork in terminals due to corrosion, although this depends on the nature
of the tank coating as well as water content of the fuel. Beyond E23 (or E25) potential for
galvanic corrosion is introduced. The oil companies thus conclude that if ethanol blends are
to increase, it appears to be that E20 strikes the right balance against increased
infrastructure costs (Davison Consultants, 2013).

Quality control and aging

The quality of diesel fuel containing FAME in the storage tanks at service stations and
indeed also in vehicles, for example during long term parking, decreases over time, as aging
occurs during storage and use. This is mainly linked to the oxidation stability of FAME, which
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is much worse compared to conventional fuels, the higher boiling point of FAME and cold
weather characteristics. When considering large scale introduction of higher blends of
FAME, it is important to understand both these issues and the risks to the fuelling
infrastructure and vehicles that this may cause, so that the necessary measures can be
taken to resolve these issues and reduce the risks.

This was analysed in a joint industry study (Lacey et.al, 2010), in which the change in fuel
quality was measured that occurred in B10 fuels, during warm climate storage conditions
during a period of 27 weeks, in vehicles that were only occasionally operated. The study
concluded that aging may result in formation of insoluble materials and acids, which may
create materials compatibility issues, filter plugging, corrosion, durability problems and
deposit formation. Lacey further found that the aging rate was strongly dependent on storage
conditions, with large variations between vehicle types (particularly rapid changes in stability
occurred in passenger vehicles compared to light-duty vans), and with rates of aging
decreasing over time. However, the causes for these variations could not be identified, and
the impacts of this aging on the vehicles was not measured. (Lacey et.al., 2010) therefore
recommends that these issues be further studied.

Aging and resulting quality issues are compounded by a low uptake by the market, for
example if a higher FAME blend is introduced at service stations with low throughput, fuel
suppliers (members of Fuels Europe) observed during an interview. For conventional fuels,
aging is not a big problem, because both the stability of the fuels and the consumption rate
are high enough. However, higher biofuel blends might stay in tanks for longer period of
times, if there aren’t sufficient compatible vehicles on the road or when consumers do not
choose these specific blends, for example because of higher costs.

Fuel suppliers deliver fuels that comply with high quality standards as defined in the FQD
and by CEN, but can no longer control the quality once the fuels are stored in the storage
tanks at service stations or in the vehicles. Especially in relation to the ramp-up period of
new biofuel blends in the market, when service stations start to offer the product but sales
are still limited, this point is an issue of concern to the fuel suppliers. A possible option
suggested by fuel suppliers would be to introduce a best before date for biofuel blends
(source: interview with Fuels Europe).

It can thus be concluded that aging of higher FAME blends may lead to quality control issues
throughout the fuel chain that need to be understood and possibly resolved before roll-out of
these blends as they may result in technical problems both in the fuel chain and in the
vehicles. Research on these issues so far has been limited, it is thus recommended to
further study the potential issues and solutions.

Non-technological barriers to introduction of a new blend

From the available literature and the interviews with stakeholders, several non-technological
barriers to the introduction of higher blends were identified. These mainly relate to
consumers and marketing, to potential impacts on the competitiveness of fuel suppliers
(ranging from oil companies to retail stations) and refineries and potential impacts on
harmonisation of the fuel market in the EU.

Information provision and consumer acceptance

Consumer acceptance and willingness to buy is crucial to successfully introducing a new
biofuel blend or fuel grade at filling stations. As long as the old fuels are still for sale — which
has to be the case when higher biofuel blends are introduced since not all vehicles are
compatible with these higher blends - consumers that can buy the new fuel have a choice
with which fuel they will fill up their vehicle. They therefore need to be convinced to fill their
cars with the new fuel. Prices are important (discussed below), but also other considerations
are at play.

Both the oil industry (interviews with Fuels Europe and UPEI) as well as governments
(Germany, Finland and France) stressed the importance of consumer acceptance: the oil
industry depend for their market shares on consumer acceptance, governments depend on
consumer acceptance to meet their targets. Wrong or incomplete information and lack of
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understanding of the reasons for the introduction of higher level of biocomponents can harm
consumer trust. Civic Consulting (Civic Consulting, 2014) has performed an extensive study
including both a consumer and stakeholder survey on several aspects, such as:

m understanding of information on fuel-vehicle compatibility
= ability to compare prices (energy content differences)
m attitude towards sustainability of biofuels

The survey outcomes showed a mismatch between the perception of stakeholders
(competition authorities, other public authorities, consumer organisation and auto clubs and
industry organisations) and the perception of consumers on how easy information can be
found. Especially, the easiness to find information on fuel-vehicle compatibility have been
assessed differently by the two groups: 70% of the stakeholders find information on
compatibility easy to find against 41% of the consumers. Somewhat smaller gaps are found
for information on fuel prices, fuel types and effects on vehicle performance. Except from the
equal opinion on the accessibility of information on the effects of fuels on the environment,
stakeholders overestimate the easiness to find information compared to that experienced by
consumers.

Figure 1.19 Disparities between consumers and stakeholder opinion on easiness to find
information on fuel related aspects
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In Figure 1.20 the perception of consumers on the ease of finding information on fuel-vehicle
compatibility per Member State is depicted and shows that only in a few countries more than
50% of the consumers find it easy to find this information. In all other countries, the majority
of the consumers faces problems in their search for information or have simply not yet
looked for the information.
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Figure 1.20 Ease of finding clear information about fuel-vehicle compatibility analysis by country
(based on consumer survey, N=25797 for EU27)
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According to some of the fuel suppliers that were interviewed, the timing of introduction of
new blends and specifications is crucial to a successful market strategy, and all aspects of
the fuel chain should be taken into account. For example, biofuel blends should only be
introduced on the market when a significant share of vehicles is compatible, consumers have
been informed and additional information is easily accessible.

What the minimum market share of compatible vehicles needs to be before a new fuel can
be rolled out on EU or Member State level is currently unknown. This is likely to depend on
the local and national market structure and will even vary between service stations and fuel
suppliers, as the cost and benefits of introducing a blend varies between retail stations (as
explained in Section 1.4.4). There is no relevant past experience that can be used here as
empirical evidence, apart from the recent introduction of E10 in Finland, France and
Germany. This took place at a time where most of the vehicles could drive on E10, about 70
% of the petrol cars (source of this estimate: interview with Finish government official). None
of the stakeholders interviewed (government officials, fuel suppliers or vehicle
manufacturers) suggested that vehicle compatibility was too low at that time. Whether this is
also the minimum (or optimal) level is, however, unknown.

The different experiences with introducing E10 in Finland, France and Germany, as
described in Section 1.3.4.1, do illustrate that the importance of consumer acceptance: in
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Germany, low consumer acceptance proved to be a significant barrier to the introduction of
E10, resulting in much lower market shares of E10 in the total fuel sales than in Finland and
France (see Section 1.4.2.3), where this was not issue.

Opportunity for differentiation of products

Fuel suppliers can improve their market position by a differentiation of their products. That is
why many fuel suppliers offer premium fuels such as 98RON at their refuelling stations.

As explained in Section 1.4.4, when a new biofuel blend is introduced, fuel suppliers have
the option to substitute premium fuels by the new blend. This has been observed in France,
where refuelling stations were seen to replace their premium grade with E10 (source:
interview with French authorities, see also Section 1.3.4.1).

However, this reduces the opportunities for branding and market differentiation and thus
negatively influences the competitiveness of fuel suppliers (source: interviews with fuel
suppliers). The extent of this impact is, however, not known (i.e. it has not been analysed in
the public literature, this data is confidential to the fuel suppliers and services stations).

Price barriers

As consumers are not obliged to buy a higher biofuel blend, they will need some form of an
incentive to buy to higher blend. Higher ethanol blends may provide fuel efficiency benefits

(see Chapter 2) but otherwise, consumers will base their choice mainly on price (perhaps in
combination with some other incentive such as a saving scheme).

However, the costs of biofuels are higher than of their fossil counterparts, as will be shown in
Section 1.6.5. Therefore, higher biofuel blends are more expensive than fuels with lower
shares of biofuels.

Nevertheless, in the countries where E10 has been available on the market (Finland, France
and Germany), E10 is typically 2 or 3 Eurocents cheaper to consumers3’ (source: interviews
with the government authorities and car manufacturers). In Finland, this is due to a lower
CO2 tax on the fuel (biopetrol is exempt from this tax), but in France and Germany, there are
no tax benefits for E10 compared to E5. In these countries, the lower price of E10 is driven
by the biofuel obligations: fuel suppliers have to meet the obligations, and therefore need to
encourage consumers to buy the higher blend®8. The price differentials between fuels is then
not only driven by actual cost of the fuels, but also by the biofuel obligation.3?

Tax reductions or strategic price setting can therefore be a very efficient means to
encourage customers to buy a specific blend. However, if there are no tax reductions, the
evidence suggests that fuel suppliers will only change their fuel prices in favour of the high
blends if they must sell them: a biofuels or GHG obligation that cannot be met by low blends
only is likely to be a prerequisite for fuel suppliers to promote the more costly higher blends.
This is due to the competitive market in which they operate: any cost increase or price
reduction may affect their margins. However, as long as a biofuels (or GHG reduction)
obligation is equal for all fuel suppliers, the impact on their profit margins can be limited by
passing on any additional cost of biofuels to the customers. All competitors are then faced
with the same requirements, and therefore with (roughly) the same compliance cost.

In reality, some market distortion may still occur, especially for those fuel suppliers and retail
stations that compete with suppliers that do not have to meet the obligations. This may occur
close to national borders, when the policies in neighbouring countries are less ambitious.

Fuel suppliers on that side of the border then add lower shares of biofuels, resulting in lower

37 Note that part of this price differential will be offset by the higher fuel consumption (in terms of litre per
kilometre), because ethanol has lower energy content than petrol.

38 This is further driven by the legal provisions in the obligations of France and Germany that fuel suppliers
receive a fine from the government if they do not meet their blending obligations.

39 The real cost of E10 without any subsidy or tax benefit is unknown. The 2-3 cent lower cost of E10 is based on
anecdotal evidence from interviews, and could not be further substantiated.
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overall fuel cost and a competitive advantage to fuel suppliers in the country with more
ambitious policies.

This border effect has been observed in the past, as demonstrated in a recent study in the
Netherlands on the effect of incre