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Introduction
The differing paths taken by EU and US biofuels poli-
cies are in part driven by differing policy priorities and
in part by differing institutional settings. In the Euro-
pean Union, policy was driven by a need to meet com-
mitments made under the Kyoto Protocol and pressure
from the EU population to address environmental
issues. The policy is implemented by the Energy Direc-
torate with little regard for the impact on EU farmers, as
it was understood from the beginning that the majority
of either the fuel or the feedstock to produce it would be
imported. In the United States, policy was motivated by
numerous interests, including the desire to reduce
dependence on fossil fuels, to reduce greenhouse gas
(GHG) emissions, and to increase demand for farm
commodities, and the US policy relied primarily on
domestic sources of raw material. It is primarily imple-
mented by the Environmental Protection Agency (EPA),
and the role of environment and climate change goals in
the policy direction has increased with time.

In the European Union, renewable fuel policy has
stated fuel security ambitions, but also aims to facilitate
environmental protection, meet the challenges of cli-
mate change, and support infrastructure for bioenergy
and renewable energy. As a result of the policy, the
renewable energy sector is one of the fastest growing
sectors in the European Union (European Commission
[EC], 2006a, 2006b). The production and consumption

of biodiesel and ethanol have both risen dramatically
over the past decade. The production of biodiesel has
grown from 1.42 billion gallons (5.37 billion liters) in
2006 to 2.47 billion gallons (9.35 billion liters) in 2009
(an increase of 74%), while ethanol production has
increased from 0.43 billion gallons (1.63 million liters)
in 2006 to 0.80 billion gallons (3.03 billion liters) in
2009 (an increase of 86%; Food and Agricultural Policy
Research Institute [FAPRI], 2010b). From the back-
ground of the growing production and consumption of
biodiesel and ethanol, the effectiveness of EU biofuels
policies in terms of target achievement needs to be eval-
uated.

The US biofuels industry has also been growing rap-
idly since 2005, first due to the replacement of methyl
tertiary butyl ether (MTBE) as an oxygenate for motor
fuel in urban areas, then due to government policy
incentives and rising petroleum prices in the years that
followed. Ethanol production has grown from 3.9 bil-
lion gallons (14.8 billion liters) in 2005 to 10.7 billion
gallons (40.5 billion liters) in 2009 (increased 1.7 times),
and biodiesel production has grown from 0.107 billion
gallons (0.4 billion liters) to 0.578 billion gallons (2.2 bil-
lion liters) in the same period (increased 4.4 times; US
Department of Energy, Energy Information Agency
[DOE EIA], 2010). Also, in early 2010 the EPA
announced a new Renewable Fuel Standard (RFS2) that
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implemented increased and more complex rules to gov-
ern biofuel mandates.

In this article, we investigate different policy and
implementation approaches that the European Union
and the United States have already implemented. We
discuss the current policies and advantages and disad-
vantages of the respective policy instruments and imple-
mentation mechanisms, comparing their effectiveness
and sustainability.

Biofuels Policies and Implementation 
Instruments in the European Union

EU Regulations for Biofuels

The development of the biofuels sector is a major issue
in the Renewable Resources Program of the European
Union. The aim of this program is to ensure energy effi-
ciency, to reduce the GHG emissions, to reduce the
dependence of the EU Member States on the fossil fuels
imported from other countries, to diversify the supply of
energy sources, to generate employment in agricultural
and rural areas, and to promote innovation and techno-
logical development (Kraemer & Schlegel, 2007).

Until now, the renewable fuels in the transport sector
have mostly come from what EU legislation terms
“first-generation” biofuels (biodiesel from vegetable oil
and ethanol from grain and sugar, as well as biofuels
from animal fats or waste oils). However, biofuels are
often more expensive than fossil fuels, which necessi-
tates the intervention of government to encourage their
consumption. In order to boost the use of renewable
sources in the transport sector, the European Union
approved several regulations, such as the Biofuels
Directive 2003/30 EC, which established an indicative
biofuels target (EC, 2003a). The target was set at the
level of 2% of biofuels to be used in the transport sector
by 2005 and 5.75% by 2010 at the EU level. The target
of 2% by 2005 was not achieved in all EU countries, and
the share of biofuels in fuel consumption amounted to
1.06% in 2005 in the EU-27 and to 2.6% in 2007. Only
Germany and Sweden exceeded the 2005 target with
3.86% and 2.11% biofuels use in total fuel consumption,
respectively (Eurostat, 2009).

Responding to the shortfall of Member State biofu-
els consumption relative to the EU target, the European
Union approved additional instruments supporting the
supply and demand for biofuels: the Biomass Action
Plan and the Strategy for Biofuels. Both regulations
have been amended and repealed by the Directive 2009/
28/EC, which set forth the promotion of the use of

energy from renewable sources and established a com-
mon framework for the use of energy from renewable
sources. The Directive defined the necessity of National
Action Plans (NAP) and procedures for the use of biofu-
els, with the aim to reduce GHG emissions and to pro-
mote cleaner transport fuels. This Directive underlies
the commitments in the 2007 Renewable Energy Road-
map and Renewable Energy Directive (2009/29) that
established new targets: (a) the share of renewable
energy in total EU energy consumption is set at 20% by
2020 (including 10% share in the transport sector of
each EU Member Country); (b) the GHG emissions are
scheduled to be reduced by 20% from the 1990 level; and
(c) the total energy consumption in the EU-27 is expected
to be reduced by 20% by 2020 (“20-20-20 Policy” for the
post-Kyoto period beyond 2012; EC, 2008a; Saundry,
2010). The underlying objectives of the Directive 2009/
28/EC and the Renewable Energy Directive are mostly
environment-oriented; the Directives refer to the GHG
emission reductions and address the biofuels share in
the transport sector through targets/mandates, which
indicates the long-term goal of protecting the environ-
ment. However, biofuels are classified as renewable
energy fuels and are therefore regulated by the energy
legislation.

The mentioned Directives are not sufficient to
achieve the goals of GHG emission reductions; hence,
additional instruments have been implemented by the
European Union. Currently, the most relevant measures
are: Joint Implementation, Clean Development Mecha-
nism, and International Emissions Trading incorporated
in the Kyoto Protocol as well as the EU Emission Trad-
ing Scheme (ETS) introduced in 2005 and linked to the
enumerated Kyoto Protocol measures (EC, 2008c;
EurActiv, 2008c).1

The support for bioenergy in the European Union
was also incorporated into the Common Agricultural
Policy (CAP) in 1992, e.g., by introducing in 2004 an
energy-crop premium of €45/ha on a maximum of 2.0
million ha of set-aside land (EC, n.d.). With the ‘Health
Check’ reform of 2007, the energy-crop premium and
the compulsory set-aside were abolished from 2009
onward. As a result, no support for bioenergy produc-
tion is included in the first pillar of the CAP. However,
within the Rural Development policy (second pillar of

1. The ETS allows trading emission credits within and outside of 
the ETS system. Moreover, a new carbon tax measure has 
been proposed by the European Union with the aim to cover 
sectors that are currently not underlying the ETS system obli-
gations (e.g., agriculture).
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the CAP) and through the modulation instrument, sev-
eral measures supporting bioenergy development have
been reinforced, i.e., biogas production, support for
perennial energy crops, processing of agricultural and
forest biomass for renewable energy, and investments in
infrastructure for renewable energy using biomass (EC,
n.d., 2008b).

EU Target Policy in the Biofuels Sector

The EU policy and its regulations regarding biofuels
and the renewable energy sector are target-oriented.
According to the EC (2007, p. 11), “targets serve as a
public commitment on the part of the government or
other authorities to maintain a certain policy stance,
which will form the basis of justification for a range of
implementing measures.” Thus, setting targets for meet-
ing objectives is acknowledged as an element of estab-
lishing a policy framework. Rather than implementing a
common biofuels policy such as is the case in agricul-
ture, the European Union has elected to set targets and
allow Member States to devise their own policies to
meet them. This gives the Member States some flexibil-
ity for policy to reflect their domestic objectives.

Different kinds of targets are to be mentioned in
regard to biofuels and renewable resource sectors: indic-
ative, mandatory, and voluntary targets. The current EU
target framework is mostly based on indicative targets.
The Kyoto Protocol targets are mandatory (where Mem-
ber States are obliged by the EC legislation to fulfill the
commitment), while voluntary targets have been agreed
upon in the European Automobile Manufacturers Asso-
ciation (ACEA)2 agreement on CO2 reductions from
cars (EC, 2007).

In the Biofuels Directive (2003/30/EC) and Renew-
able Energy Directive (EC, 2003a), Member States were
required to set indicative national targets. While the
Electricity Directive requires the Member States to
undertake steps to achieve their objectives, the Biofuels
Directive does not set a very distinct requirement and
only indicates that Member States should ensure that a
minimum level of biofuels is placed on the market in
line with their national indicative targets. Since 2006,
EU Member States are required to adopt the Energy Ser-
vices Directive (2006/32/EC) and thus to achieve an
overall national indicative energy savings target (EC,
2007). Due to the fact that the targets set by the Biofuels
Directive and the Renewable Energy Roadmap are not

binding, nine countries have decided to go beyond the
EC Directive and adopted mandatory requirements for
the incorporation of biofuels. The indicative and manda-
tory targets set by the respective countries are presented
in Table 1.

Lessons Learned from the Target System

The share of biofuels that has been established as a tar-
get in some EU Member Countries is acknowledged as a
mandatory application in other EU countries. When ana-
lyzing the previous process of target achievement, the
different forms of targets represented in the EU Member
States’ policies allow comparing the positive aspects of

2. Fr: Association des Constructeurs Européens d’Automobiles 
(ACEA).

Table 1. Minimum incorporation targets for EU Member 
States in place in summer 2010.

Ethanol Biodiesel Total

Germany 2.80% 4.40% 6.25%

Belgium 4.00% 4.00% 4.00%

Luxembourg 2.00%

Denmark 5.00% 5.75%

Spain 3.90% 3.90% 5.83%

France 7.00% 7.00% 7.00%

Greece 5.75%

Ireland 4.00%

Italy 3.50%

Netherlands 3.50% 3.50% 4.00%

Portugal 7.00%

UK 3.50%

Austria 3.40% 6.30% 5.75%

Finland 4.00%

Sweden 5.75%

Poland 5.75%

Hungary 5.75% 5.75% 5.75%

Czech Rep. 4.10% 6.00%

Estonia

Latvia 5.00% 5.00%

Lithuania 5.00% 5.00% 5.75%

Slovenia 3.00%

Slovakia 5.75%

Cyprus 2.50%

Malta

Romania 4.00% 4.00%

Bulgaria 5.75%

Source: Strategie Grains (2010).
Note: Shaded cells are indicative, others are mandatory.
Belgium, Denmark, Ireland, The UK, Czech Republic, Lithua-
nia and Romania targets are set for volume. Others are 
expressed as energy equivalents.
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this instrument and also showing weaknesses and chal-
lenges for the future.

The challenge of mandatory targets set in the Kyoto
Protocol and strengthened by the ETS mobilized the EU
Member States to undertake direct measures and actions
to meet the goals. The Electricity Directive, requiring
concrete actions to achieve the indicative targets, has
induced rapid growth in the renewable electricity sector.
However, due to the fact that different actions have been
taken to a different degree by the respective EU Member
States, the target was not completely reached. In the
Biofuels Directive, neither targets nor actions are man-
datory. As a result, even if there has been some rapid
growth in the biofuels sector in some EU Member
States, only two countries (Germany and Sweden) have
taken sufficient measures and actions to exceed their tar-
gets. Referring to the ACEA agreement with the Euro-
pean Union, the voluntary targets did help improve CO2
emissions from cars; however, the target has not been
reached (EC, 2007).

Moreover, the mandatory targets established volun-
tarily by some EU countries have a more binding char-
acter than indicative targets; though, this instrument also
has other effects. Generally, setting a mandatory obliga-
tion (mandate)—and, thus, a fixed market share—for an
item usually puts an upward pressure on its price and
has other implications as well. The scale of this impact
depends on different factors, e.g., the extent to which the
mandate increases consumption above the level that
would be achieved otherwise, the degree to which out-
put of the item increases as prices rise, whether it is
accompanied by a tax exemption, and whether competi-
tion from imports is allowed. As the production costs of
biofuels in the European Union are significantly higher
than that of fossil fuels, the mandatory obligation to
incorporate biofuels in the market share, ceteris paribus,
is expected to increase the consumer price of biofuels
and, therefore, transport fuel. However, the price
increases can be offset with governmental subsidies
(e.g., excise tax exemptions), where some of the cost of
the measure is passed on to taxpayers. Different
approaches to tax reductions are used in the EU Member
States in which biofuels blending is mandatory; Austria,
Slovakia, and Spain provide full tax exemption for bio-
fuels, while the Netherlands, Slovenia, and the United
Kingdom offer a partial exemption. In the other coun-
tries, tax exemptions for blended fuels have been
removed (Kutas, Lindberg, & Steenblik, 2007).

EU Policy Instruments for Biofuels: Subsidies 
and Taxation

In order to help the EU Member Countries to achieve
the targets set in the Biofuels Directive 2003/30/EC, the
European Commission adopted the Directive 2003/96/
EC on energy taxation, which set up a minimum level of
taxation for different fuels and allowed an exemption or
reduction of excise taxes (EC, 2003b). Biofuels produc-
tion in the European Union is supported from the EU
budget as well as from the national budgets of the EU
Member Countries.

Currently, tax relief and obligations to blend are the
two most common instruments implemented in the EU
Member States. The total support for biofuels in the EU-
27 amounts to around €3.7 billion annually. The largest
subsidies are those provided through fuel excise tax
relief. In total, the subsidies provided for liquid biofuels
amounted to about €1.3 billion for ethanol (€0.74/liter)
and €2.4 billion for biodiesel (€0.50/liter) in 2006
(Kutas et al., 2007). As this type of subsidy is directly
linked to the biofuels production or consumption, the
cost of this measure is expected to rise in the future due
to the fact that biofuels production is boosted in the EU
to achieve the targets.

Responding to this EU policy, the EU Member
Countries have adopted additional mandatory blending
requirements on the national level in order to comple-
ment or replace tax exemptions. The mandatory blend-
ing ratios are established at a level to achieve or even
exceed the EU target for 2010. An important difference
between the EU and the US situation is that because of
the lack of competitiveness of EU biofuels, consump-
tion above the mandated levels is unlikely, and the man-
dates are therefore binding in almost all cases.

In 2005-2006, the instruments supporting biofuels
production were implemented in different combinations:

a. Tax relief was adopted by the EU Member Coun-
tries with little practical experience in the biofuels
sector (i.e., Greece, Portugal, Italy), countries
with experience of a more directly supported
approach through funds (e.g., Poland), and coun-
tries with a more cautious approach (e.g., the
Netherlands).

b. Tax exemption and obligation to blend or adop-
tion of both measures together, replacing a tax
relief in order to increase overall effectiveness of

these measures in a shorter time (EC, 2007).3
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Even though in 2005-2006 all Member States
(except Finland) implemented tax exemptions as a main
support measure, since 2007, most EU Member States
(Austria, Cyprus, Czech Republic, France, Germany,
Italy, Lithuania, Luxembourg, Portugal, Romania, Slo-
vakia, Slovenia, Spain, Sweden, the Netherlands, and
the United Kingdom) have adopted obligations to blend.

Additionally, some countries (Belgium, France,
Italy, Ireland, and Portugal) apply a quota mechanism
where the amount of biofuels benefiting from the sup-
port is shared amongst different suppliers through calls
for tender, which means that the right to supply biofuels
is allocated through licenses to domestic firms. This
mechanism allows national governments to specify the
amount of biofuels needed to be supplied each year (EC,
2007).

In terms of the protection against biofuels imported
to the European Union from third countries, particularly
Brazil, high tariff barriers (€0.102/liter for denatured
ethanol or €0.192/liter for undenatured ethanol) have
been implemented. In 2006, the tariffs provided EU pro-
ducers with the support of €420 million, but simultane-
ously largely denied EU consumers access to cheaper
foreign imports (Kutas et al., 2007).

Further, in some EU Member States, the distribution
and consumption of biofuels are encouraged through
national user incentives, e.g., reduced vehicle registra-
tion fees and tax credits for flex-fuel vehicles (FFVs), as
well as subsidies for E85 pumps. Within this framework
in 2006, the support for ethanol on a petrol-equivalent
basis was more than twice (€0.46) as high as ex-tax
(before applying a tax) market price for regular
unleaded (RON 91) petrol (Kutas et al., 2007).

Apart from these general market measures, several
EU Member Countries have implemented other support
measures to specific sectors in 2006-2007, such as

a. additional measures for farmers other than set-
aside land or energy crop payments in Belgium,
Greece, Ireland, Lithuania, and Poland (direct
input subsidy for fertilizers, feed, energy, water,
transportation, etc.; Organization for Economic
Co-operation and Development [OECD], 2008);

b. additional measures for industry in Cyprus, Czech
Republic, Latvia, Lithuania, and Poland in order
to reduce the infrastructure costs, e.g., invest-
ments in renewable fuel plants;

c. measures for distribution in the United Kingdom;
and

d. measures for purchase and maintenance of cars in
Austria, Belgium, Cyprus, Denmark, Estonia, Ire-
land, Malta, Poland, and Sweden (EC, 2007).

Due to the decentralized approach of the biofuels
policy in the European Union, different instruments
have been implemented in different EU coun-
tries—depending on national preferences and possibili-
ties in achieving the targeted goals of biofuels
production. Despite the various incentives of applying
different instruments on the national levels, the decen-
tralized approach of the European Union allows the
countries to find the most effective and sustainable way
of achieving the targets.

A major difference between the US and the EU
approach to biofuels policy is that in setting overall tar-
gets, rather than specific pan-European biofuels poli-
cies, the European Union has facilitated a diverse range
of approaches across the Member States. This has the
advantage of allowing Member States to address their
own domestic objectives, which results in the policies
being more attractive to their citizenry. Countries with
large agricultural or biofuel production sectors can
encourage domestic production. Derogations to import
taxes on ethanol for the United Kingdom and Sweden
allow them to follow policies that emphasize efficiency
in cost or biofuel emissions. Tax incentives can shift the
burden of the policy between taxpayers and fuel con-
sumers. Over time, as targets have become harder to
achieve and budget costs have risen, Member States
have generally moved away from tax incentives and
towards mandatory blending rates, but important differ-
ences still persist.

3. The effects of implementing a tax credit and a binding man-
date at the same time have been studied with stylized models 
by de Gorter and Just (2010) and Lapan and Moschini 
(2009). The authors showed that if the ethanol mandate is 
binding, then a lower ethanol tax rate does not foster ethanol 
consumption that has been already defined by the mandate. 
Hence, the lower ethanol tax rate can lead to a lower price 
for gasoline, boosting the demand for gasoline. Thus, only 
one instrument (mandate or the tax incentive) will influence 
the ethanol demand (see also: de Gorter & Just [2009]). Sto-
chastic simulations with a detailed empirical model for US 
commodities and biofuels have confirmed these results and 
show that when the mandate is binding, a tax credit shifts 
costs from motor-fuel consumers to taxpayers, reduces the 
price of the fossil fuel portion of motor fuel, and thereby 
increases consumption of fossil fuels while biofuel consump-
tion remains the same as required by the mandate (Meyer et 
al., 2009).
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Biofuels Policies and Implementation 
Instruments in the United States

US Regulatory System of Subsidies, Tariffs, 
and Mandates

Origin and Evolution of US Biofuels Policies. Biofu-
els policies in the United States have evolved in steps
since the Energy Policy Act (EPAct) of 2005 first estab-
lished the renewable fuel volume mandate. The mandate
was set at 7.5 billion gallons (by 2012) and the EPAct
also set up the blender’s tax credit and the offsetting
import tariff on ethanol. Biofuels policy instruments
include a combination of incentives, mandates, escape
clauses, and implementation mechanisms. These are
outlined separately, followed by a discussion of the
interaction of these under different market conditions,
because the relative impact of each policy instrument
varies with market situations.

Credits and Tariffs. From 1978 through 2004, the fed-
eral government provided the payers of federal excise
taxes on motor fuel with a tax credit for the amount of
ethanol blended with gasoline. Over the years, the tax
credit ranged from $0.40 to $0.60 per gallon ($0.11 to
$0.16/liter) of ethanol. Due to concerns about the loss of
federal revenue for transportation purposes, the tax
credit was replaced in 2005 with a federal tax refund to
blenders of motor fuel (Office of the Legislative Auditor

[OLA], State of Minnesota, 2009). This was done in the
2005 EPAct, which established a $0.51/gallon ($0.14/
liter) ethanol excise tax credit and a $1.00/gallon ($0.26/
liter) biodiesel excise tax credit for blenders, as well as a
$0.54/gallon ($0.14/liter) import tariff (about the same
as the EU denatured ethanol tariff at current exchange
rates) on ethanol to prevent foreign-produced ethanol
(except from trading partners in the Caribbean Basin
Initiative) from gaining the benefit of the domestic etha-
nol tax credit.

A $1.01/gallon ($0.27/liter) tax credit for cellulosic
ethanol was introduced and the ethanol tax credit was
reduced to $0.45/gallon ($0.12/liter) in the Food, Con-
servation, and Energy Act (FCEA) of 2008 (the Farm
Bill of 2008), apparently as a cost saving measure to
meet the budget targets. Because of the different vin-
tages of these provisions, they also expire at different
times (Figure 1); the biodiesel tax credit expired in
December 2009, the ethanol tax credit and tariff expired
at the end of 2010, and the cellulosic ethanol tax credit
at the end of 2012. It is often presumed that such incen-
tives and disincentives will be extended, but it is not
automatic; and to prove the point, Congress had not yet
managed (as of July 2010) to find a legislative vehicle to
restore the biodiesel tax credit.

In addition to these federal policies, some states
have additional incentives, such as waiving state taxes
(e.g., Iowa and Minnesota) and state mandates (e.g.,
Missouri and Minnesota) on the use of biofuels. Califor-

Figure 1. Tax credit by biofuel type and ethanol import tariff, 2005-2013 ($/gallon).
Source: US EPA (2010)
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nia is especially notable in that it’s Low Carbon Fuel
Standard—which seeks to limit the carbon intensity of
fuels—is a different policy instrument and may also
influence the national policy debate (Holland, Hughes,
& Knittel, 2009). These state policies may increase the
use and/or change the composition of biofuels in those
states and thereby influence outcomes in other states as
well, but have so far had little or no significant impact
on national biofuels policies. US biofuels policy, there-
fore, has some of the flexibility of the EU approach, as
states are to some extent free to implement additional
policies to encourage biofuel use or achieve other objec-
tives.

Mandates. From the beginning with the EPAct of 2005,
US biofuel targets were specified as mandates in volu-
metric terms as a part of the Renewable Fuel Standard
(RFS) program. In that law, the mandate was set at 4 bil-
lion gallons (15.14 billion liters) in 2006, growing to 7.5
billion gallons (28.39 billion liters) in 2012.4 The
Energy Independence and Security Act (EISA) of 2007
expanded the RFS program by adding a biodiesel man-

date and expanded the total mandated quantity of
renewable fuel to be blended into transport fuel to 9 bil-
lion gallons (34.07 billion liters) in 2008, growing to 36
billion gallons (136.27 billion liters) in 2022. These
totals were also divided into specific categories, with
separate volumes for each and requirements that EPA
applies lifecycle GHG performance standards to ensure
that each category of renewable fuel emits fewer GHG
than the petroleum fuel it replaces. Of the total mandate,
conventional (grain-based) ethanol cannot be more (but
can be less) than 15 billion gallons (56.78 billion liters),
which is the difference between the total of 36 and the
advanced biofuels total of 21 billion gallons (79.49 bil-
lion liters). In April 2010, the EPA announced the RFS2,
which implements the requirements of the EISA and
went into effect July 1, 2010 (Figure 2).

The new standards specify minimal lifecycle GHG
thresholds by type of biofuel (Table 2). Because several
types of biofuel are nested in the “advanced biofuel”
mandate, a further explanation of these relationships
will be useful. The biofuel mandates established in the
EISA of 2007 are not independent of each other but are
hierarchical in nature. A mandate establishes the mini-
mum quantity of use and is considered ‘binding’ in the
marketplace if the market would result in use below the
mandated quantity in its absence. Similar to its prede-
cessor—the Energy Policy Act of 2005—the EISA
establishes a minimum total quantity of biofuel (T in
Figure 3) to be used in a given calendar year (FAPRI,

4. A provision of EPAct 2005 that had important short-run mar-
ket effects was the essential ban on the use of MTBE as an 
oxygenate in urban areas of the nation with high levels of 
smog. The relatively sudden increase in demand for ethanol 
stimulated rapid increases in profits and investment for etha-
nol plants during 2006 and 2007.

Figure 2. RFS2 volumes by fuel category.
Source: US EPA (2010)
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2010a). However, the new act goes on to specify mini-
mum quantities that must come from specific feedstocks
or biofuel types towards meeting that total. Another cri-
terion is GHG emission reductions.

Conventional biofuel (C) meets the lowest GHG tar-
get and counts toward the total mandate. Advanced bio-
fuels (A) are biofuels produced from feedstocks that
generate greater GHG emissions savings. Conventional
ethanol (C) cannot be used to meet the advanced sub-
mandate, but advanced biofuels do help to meet the total
mandate (T). The legislation increases the share of
advanced biofuels (A) in the mandate total (T) over time.

While it is often suggested that there is a corn-etha-
nol mandate, in fact, no such mandate exists. Corn etha-
nol, a conventional ethanol according to the EISA, can
be used to satisfy the difference between the total man-
date and the advanced mandate (T − A = C), but must
compete with all other biofuels, including any produc-
tion of advanced biofuels in excess of the advanced
mandate (A). The advanced biofuel mandate is further
subdivided. The two categories outlined are a mandated
quantity for ethanol made from cellulosic or agricul-
tural-waste-based feedstocks (S) and biodiesel (B). The
remainder of the advanced ethanol mandate (A − S − B =
O) can be met by additional cellulosic production, addi-
tional biodiesel production, or from another source.
Imported sugarcane ethanol, for example, is an
advanced biofuel that is neither cellulosic nor biodiesel
(thus, type O). The mandates only restrict minimum
quantities and are nested within each other, creating a

hierarchy of biofuel types that can be used for compli-
ance.

Finally, the EPA has the authority to waive a man-
date if it is technically unfeasible or economically not
viable for the industry to provide it. This is most appli-
cable to the cellulosic biofuel that is only at the small-
scale experimental stage of processing and such a
waiver is sure to be needed for some years to come. The
next section discusses how such a reduction in the cellu-
losic mandate impacts the Renewable Identification
Number (RIN) market.

Compliance Mechanisms and the Role of RINs

The mandates, if not waived, are the indicators to bio-
fuel producers what will be the lower limit on the aggre-
gate usage for each particular type of biofuel. Since
these levels are specified in the legislation well into the
future, it is also a signal for investment in production
facilities. Of course, biofuel producers are competing
with each other for that market. For fuel blenders, the
mandates are a requirement on what needs to be blended
by each based on the blender’s share in the total fuel
market. A blender is responsible for all four of the man-
dates even if only one type of fuel is blended by the
company. The market mechanism that facilitates market
clearing and makes it possible for these markets to reach
equilibrium is the issuing and trading of RINs.5

Each batch of fuel produced or imported is assigned
a RIN, which is a 38-character numeric code that identi-
fies its vintage, volume, and fuel classification (cellu-
losic, bio-based diesel, advanced, or conventional).

Table 2. Requirements for new standards under RFS2.

Type
Volume by 
2022

Lifecycle 
GHG 

threshold Comment

Biodiesel 1 billion gal
(3.79 billion l)

50% For 2012 and 
beyond a

Cellulosic 
biofuel

16 billion gal
(60.57 billion l)

60% Subject to annual 
assessments

Advanced 
biofuel

21 billion gal
(79.49 billion l)

50% Anything but corn 
starch, minimum of 
4 billion gal 
additional

Renewable 
biofuel

36 billion gal
(136.27 billion l)

20% b Minimum of 15 
billion gal additional

Source: US EPA (2010)
a Could be increased from 2013 onward
b Only applies to fuel from new facilities. ”Grandfathered” facil-
ities are those (domestic and foreign) that commenced con-
struction before 31 Dec 2007 and ethanol facilities that 
commenced construction prior to 31 December 2009 and use 
natural gas and/or biomass for process heat.

5. The functioning of RIN markets is briefly described here, but 
for the first detailed analysis of the structure and behavior of 
these markets, see Thompson, Meyer, and Westhoff (2010).

T=overall mandate
A=advance mandate
B=bio-based diesel mandate
S=cellulosic mandate

C=conventional ethanol gap
O=other advanced gap

T A

C C

O

B

S

Figure 3. Categories of biofuels specified in the RFS2 regu-
lations.
Source: Meyer and Thompson (2010)
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These RINs accompany the fuel when it is sold by the
producer or importer and becomes the property of the
blender who buys the accompanying fuel. A blender can
accumulate the required volume equivalent of RINs
either by blending the exact mix of fuel that was
assigned or—more likely—by some combination of
buying and blending biofuels and purchasing RINs from
other blenders. For example, a plant that purchases and
blends only conventional ethanol needs to buy advanced
biofuel RINs from another blender who has more than
needed. This market in RINs determines the equilibrium
prices of RINs that will clear this market.

The value of the RINs, with the exception of cellu-
losic RINs when the mandate is waived,6 is determined
by supply and demand and is linked to how “binding”
the mandates are. If a mandate is not binding, such as
when petroleum prices are high7 and stimulate ethanol
demand in excess of the mandate, the RIN value is neg-
ligible. However, as the mandate becomes more bind-
ing, the RIN value increases. The blenders must offer
producers a price sufficient to obtain the quantities
needed to meet the mandate. However, they are unable
to pass the full cost onto the ethanol portion of blended
fuels, or they will induce consumers to use fuels with
the least ethanol content and stifle the use of higher-
level blends such as E-85. Thus, the difference between
the blender’s selling price of the (blended) ethanol and
the buying price is the value of the RIN. The blender
passes on this cost to the consumer by increasing the
overall price of motor fuels, maintaining the relative
pricing of ethanol-blended fuels, which induces use by
consumers. An alternative way to consider the RIN
value is that it represents the price the blender would be
willing to pay to avoid the mandate.

Because the mandates are nested, blending above
that which is required to meet the mandate in one cate-
gory can be used to fulfill a broader mandate (demotion)
or carried forward one year to meet up to 20% of next
year’s obligation (rollover). That is to say, advanced
RINs generated when advanced biofuels are blended
above the advanced mandate can be applied toward the
larger overall mandate for compliance purposes. This

hierarchy of biofuel mandates creates a hierarchy in
RIN pricing in such a way that cellulosic and biodiesel
RINs cannot be priced lower than advanced RINs,
which cannot be priced lower than conventional RINs.
Excess RIN production in a given year can be demoted
to meet lower-level mandates or rolled forward for next
year’s obligations. A maximum of 20% of the current
year’s obligation can be met with last year’s RIN pro-
duction, and quantities above this amount will expire
unused. The rollover provision is a mechanism that
serves to stabilize year-to-year variation of ethanol and
feedstock prices because blenders can accumulate and
dispose of RINs in the same manner as the market deals
with commodity stocks. Verification that each blender
has acquired the required quantity and combination of
RINs is done by the EPA; in the case of non-compli-
ance, there is a daily civil penalty as well as the actual
cost of purchasing the lacking RINs (US EPA, 2010).

Differing Roles of Policy Instruments under 
Different Market Conditions

Numerous analyses have been conducted to simulate
how these markets would behave under differing condi-
tions (Meyer & Thompson, 2009; Meyer, Westhoff, &
Thompson, 2009; Westhoff, Thompson, & Meyer,
2008). When petroleum prices are relatively high, man-
dates are not binding and have little impact on the mar-
ket outcomes. In this case, prices of petroleum, ethanol,
and corn are closely linked and the blender’s tax credit
increases demand for biofuels and translates into higher
prices for biofuel and the feedstock from which it is pro-
duced. When petroleum prices are low and mandates are
binding, the mandate is critical to the quantity of trans-
actions, and prices of petroleum and the feedstock are
not so closely linked. In fact, the mandates have seldom
been binding except in Fall 2008 to Spring 2009 when
petroleum prices were so low. These studies have ana-
lyzed market behavior and demonstrated that the rela-
tive impacts of policy instruments differ and market
behaviors differ when these different market conditions
obtain. The most recent study, done with the FAPRI
2010 baseline (Meyer & Thompson, 2010), showed that
without the tax credits and tariff, the mandate would
lead to lower feedstock prices and more imports. When
the mandate is binding, the removal of the tax credit also
has the effect of shifting the cost of achieving the man-
date from the taxpayers to the fuel consumers.

A new issue has arisen that is related to the US deci-
sion to specify the ethanol mandate at a volume that
exceeded the 10% blend limit. It is called the “blend

6. When the EPA waives or reduces the mandate for cellulosic 
biofuels, it is required to sell RINs at a fixed price, which is 
equal to the greater of $0.25 or $3.00 less the price of 
unleaded gasoline. These RINs are not tied to any actual fuel.

7. It could also be due to low input prices, especially for feed-
stock. Stochastic analysis shows a strong inverse relationship 
between RIN and petroleum prices but also shows the clear 
influence of other factors (Meyer, Binfield, & Westhoff, 2010).
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wall” and refers to the fact that if all gasoline-powered
motor vehicles were to use a 10% ethanol blend, this
alone would not be sufficient to meet the nationally
mandated biofuels usage level. In response to this con-
cern, on October 13, 2010, the EPA announced a partial
waiver to allow 15% blends to be sold, but only for
“model year 2007 and newer light-duty motor vehicles.”
The EPA has deferred a decision on 2001-2006 light-
duty motor vehicles until further tests can be completed,
and all other vehicles are not even under consideration.
Still, there is no guarantee that consumers would find it
acceptable to switch to a 15% blend. Meanwhile, there
are not enough vehicles or fuel-dispensing pumps with
E85 capability to overcome this usage barrier in the
short term.

Lessons Learned and Prospects for Change in 
the Future

The new RFS2 was an opportunity to make some
changes and indeed some were made. Greater emphasis
was placed on measures to ensure that renewable fuel
was indeed reducing GHG emissions as it was substi-
tuted for fossil fuels. Volumes of mandates were
increased and were defined with minimums in specific
categories, which somewhat reduced the flexibility of
the mandate system.

As mentioned, there is a current debate on resolving
the “blend wall” issue by increasing the allowed blend
from 10% up to 15%, and the EPA has already issued a
waiver to permit this only on 2007 or newer vehicles.
Though this would only be a short-term solution, there
are technical issues to resolve. Even if tests can ensure
that no damage will be done to vehicles using the blend,
it is not a guarantee that it will be accepted by consum-
ers or even by filling stations. Stations could be con-
cerned about practical or financial issues, such as the
number of additional pumps needed or about liability
issues if there were a problem with engine damage.
Related to this issue is the lack of sufficient flex-fuel
vehicles and possibly a lack of sufficient interest in buy-
ing them; the cost of E85 fuel is still priced too high in
many markets to be attractive relative to its energy
value. Finally, analysis has shown that with a mandate
in place, the decision to extend tax credits and the etha-
nol import tariff is largely a question of who pays. Cur-
rently, the program costs are shared by taxpayers and
fuel consumers. Eliminating the tax credits and tariff
would shift the costs almost entirely to the fuel consum-
ers (Meyer et al., 2009).

Comparative Analysis of EU and US 
Biofuels Policies

Differences in Indicative vs. Mandatory Targets 
and Volumetric vs. Percentage Targets

According to the European Commission (2007), the
legal strength of a target largely determines its credibil-
ity, as stronger targets mean that efforts will be made by
governments to achieve the targets. This in turn means
that the markets have greater certainty for planning and
undertaking investments, which clearly favors the man-
datory over indicative targets. Moreover, setting a single
target for all biofuel types gives the market flexibility to
choose a cost-effective way of an appropriate technol-
ogy, while sectoral targets (as in the United States)
can—in theory—create the long-term confidence for
inducing new investments in a broad range of renewable
energy sources.

The fact that the United States chose volumetric tar-
gets and the European Union chose percentage targets in
part reflects the political economy of the biofuels policy
in those regions. By setting volumetric mandates, the
United States reduces uncertainty faced by biofuels pro-
ducers and farmers. In the European Union, setting a
target in terms of percentages addresses the commitment
of the sector in meeting the overall Kyoto limits. How-
ever, setting the targets in terms of GHG emissions
themselves would increase the effectiveness of policy in
this respect.

The effectiveness of either type of mandate is condi-
tional on its interaction with any other policy or techni-
cal restriction that is in place and that impacts biofuel
use. Both the United States and the European Union
must find a way to overcome the problem of a “blend
wall.” This can be overcome by increasing the permitted
volume of biofuels that can be blended, which is being
investigated by both the European Union and the United
States. The “blend wall” can also be overcome by
increasing the volume of high-blend fuels, such as E-85.
This requires an increase in the number of vehicles that
can run on higher blends of ethanol, investment in infra-
structure to provide pumps for the fuel, and—presum-
ably—fuel priced at or below its energy equivalence to
encourage consumers to use it.

Differences in Incentives for Second-
Generation Biofuels vs. Quantitative 
Distribution of Mandate by Type

The EU approach of providing higher credit for second-
generation biofuels provides an incentive for the
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advanced technology development. The United States
had such a credit, giving a 2.5 times credit to second-
generation technology in RFS1, but it was converted to
the quantitative categories in the RFS2. The EU
approach is more flexible in that the volume of second-
generation biofuels is related to their competitiveness
with respect to other biofuels. The US approach, in the-
ory, provides more certainty by setting a mandated vol-
ume, but this mandate can be (and has been) waived
depending on the technology available and this under-
mines the advantages that this provides.

An interesting aspect of the EU approach is that if a
successful cellulosic biofuel sector does emerge, this
will probably reduce the volume of biofuels used,
thereby undermining the advantages of setting percent-
age targets in reaching GHG emission goals.

Differences in Supranational vs. Country-Level 
Strategy

The US-wide approach to biofuels policy would not be
possible in the confederate-type governance of the
European Union unless Member Countries agreed to
turn over authority and funding to the centralized gover-
nance of the Commission, as was done with the CAP
and Regional Policy. Of course, granting such suprana-
tional authority was in exchange for substantial budget-
ary resources to support the policies. The current
decentralized approach of the European Union has the
advantage of allowing countries to find the most effec-
tive means to achieve the targets, which may differ
country by country. In the United States, it is the RIN
market that allows production and distribution to move
to the most cost-effective facilities and regions. Such a
trading of targets or quotas could also be considered in
the European Union.

Subsidies vs. Mandates

Most policy instruments regulating the biofuels market
in the European Union are tax exemptions (subsidies) or
mandatory blending. The subsidy system has been
implemented, but it has caused significant revenue
losses for the governments. Another characteristic of tax
exemptions is their ability to steer the market by apply-
ing different reduction rates to various types of biofuels.
Thus, in Germany, only pure biofuels entered the market
before 2004, as blends did not profit from tax reductions
(Wiesenthal et al., 2009).

With the mandatory obligation to blend, fuel suppli-
ers are obliged to achieve a certain share of biofuels in
their total fuel sales. This instrument does not cause any

revenue losses for the government since the fuel suppli-
ers and final consumers are carrying the financial bur-
den of this measure. The higher prices reduce transport
fuel demand compared to a tax-exemption scheme.

One of the major advantages of the obligation to
blend for fuel suppliers is the predictability of the mar-
ket volumes to be sold in the respective years. The
advantage of volumetric mandates is that they are cer-
tain regardless of oil and crop prices. Percentage man-
dates will change as oil prices and incomes change. If
fixed tax exemptions are used, the volume of biofuels
and agricultural feedstocks used will vary with both
crop prices and oil prices.

On the other hand, a generalized obligation system
represents some risks because it sets incentives for fuel
suppliers to opt for the lowest-cost biofuels; also, fewer
incentives for second- and third-generation innovations
will exist. One study concluded that the European
Union’s obligatory system can be efficient when pro-
moting the increase of biofuel consumption, while it is
less suitable for promoting special types of biofuels
(Wiesenthal et al., 2009), but both the United States and
the European Union do have provisions that encourage
the use of specific biofuels, such as second-generation
biofuels.

According to the EU estimation (EC, 2007), the
most effective combination of political measures sup-
porting biofuels is the obligation to blend and a simulta-
neous tax relief. Comparing the two enumerated
instruments, blend obligations (and US mandates) lead
to a cost increase for consumers and no government
cost, while tax relief (and US tax credits) shifts costs
from consumers to taxpayers. Also, tax relief lowers
fuel cost and increases fuel consumption, so the reduc-
tion of GHG is less effective with this policy. A theoret-
ical study on this issue has shown that “an ethanol
mandate is fully equivalent to a combination of fuel
taxes and ethanol subsidies that is revenue neutral,” and
suggests that the mandate alone would be sufficient and
any further subsidies are income transfers from taxpay-
ers to consumers (Lapan & Moschini, 2009, p. 30).

Possibilities and Challenges for Policy-
Making in the Biofuels Sector in the 
European Union and United States: 
Lessons to Be Learned from Each Other
According to the Directorate General for Agriculture
and Rural Development, the target of 10% biofuels of
the total fuel consumption in the transport sector in the
EU-27 can be achieved by 2020. Many organizations
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argue that reaching the European Union’s target for
renewable fuel usage in 2020 cannot be achieved in an
environmental and socially sustainable way. Some
experts underline the high pressure on feedstock prices
that can subsequently impact food prices. Additionally,
some scientific research studies show that, depending on
the production method and the feedstock used, some
biofuels might have no positive impact on CO2 emis-
sions (Kutas et al., 2007). Finally, the first-generation
biofuels are sometimes criticized due to the fact that
biomass is a more efficient feedstock for bioenergy pro-
duction. Against this background, the challenge for the
European Union is to guarantee an efficient policy for
supporting bioenergy production.

Furthermore, subsidies for biofuels production in the
EU-27 are likely to grow immensely over the next
decade, during which financial support is linked to the
biofuels production or consumption. However, due to
the ambitious blending targets, the support to biofuels
could double if the current rates of subsidization are not
modified. In the Member States implementing exemp-
tions or reductions in fuel-excise tax, the burden on
national budgets will rise in proportion to the domestic
consumption. However, for such cases, the European
Union has established criteria that require EU Member
States to limit support to the difference between oil
prices and biofuels production costs. Thus, given a high
increase of petroleum fuels prices, the Member States
would be legally required to reduce the amounts of any
tax exemptions accordingly.

According to EurActiv (2008a), EU ministers dis-
tanced themselves from an EU-wide target to boost the
use of biofuels in transport and underlined that the target
of 10% by 2020 should be accounted not only for biofu-
els but for all sources of renewable energy (hydrogen
and electric cars). Therefore, in July 2008, the European
Parliament’s Environment Committee voted to scale
down the proposed EU-wide biofuels target to only 4%
by 2015. The major worry about not meeting the targets
was exacerbated by concern about food-price effects of
higher biofuels production, which had been blamed by
some for the spike in commodity prices. Also, the Par-
liament’s Industry and Energy Committee approved a
report by Luxembourg Green MEP Claude Turmes in
September 2008. The report confirmed the 10% target
by 2020—setting an interim 5% target for 2015—and
specified that at least 20% of the 2015 target and 40% of
the 2020 goal must be met from “non-food and feed-
competing” second-generation biofuels or from cars
running on green electricity and hydrogen. The Turmes
report also specified that traditional first-generation bio-

fuels would only count towards the target if they meet
strict sustainability criteria, i.e., social sustainability cri-
teria and an obligation for biofuels to offer at least 45%
carbon emission savings compared to fossil fuels that
would rise to 60% in 2015. These numbers are much
higher than those proposed by the European Commis-
sion (35% saving) and more ambitious than the estima-
tions of national governments.

However, the Member State representatives have
found a consensus on a two-phased approach, initially
requiring biofuels to offer a 35% CO2 saving that would
then be scaled up to “at least 50%” in 2017, subject to a
review in 2014 (EurActiv, 2008b). In the final agree-
ment, no limit on first-generation fuels was included,
with the Commission instead opting to allow second-
generation fuels to count more towards the target.

Additionally, the 2010 EU report concluded that the
share of biofuel in transport fuel beyond 5.6% could
harm the environment, thus suggesting that such a pol-
icy and the current targets would not be sustainable. An
EU report on indirect land-use change caused by biofu-
els is going to measure the extent to which the produc-
tion of first-generation biofuels contributes to emissions
by replacing crops grown for food production and accel-
erating deforestation (EC, Joint Research Centre, &
Institue for Prospective Technological Studies, 2010;
EurActiv, 2010). Currently, the EU is discussing the
question of possible solutions, such as minimizing the
production quotas, and how to insure that biofuel pro-
duction can be sustainable and cost-effective. The new
quality certification process announced by the European
Union in July 2010 could restrict imported raw materi-
als and biofuels by subjecting them to stricter GHG-
reduction requirements. This regulation also addresses
limits for biofuels from sensitive areas, forests, and
partly drained peat lands, thus, promising sustainable
solutions; but the details of this process remain to be
formalized in policy.

The previous section on US biofuels policy indicates
that the United States has moved in a similar direction in
the new RFS2. Indirect land-use change was taken into
account when calculating the emissions benefits that
would be obtained from different technologies. Though
the new standards apply to less than 60% of the man-
dated quantities of biofuels (see Table 2), 50% and 60%
lifecycle GHG thresholds are the standard in the RFS2;
the lower threshold of 20% applies only to new corn
starch facilities or other first-generation ethanol feed-
stocks.

Mandates have been established as the principal
mechanism for achieving US biofuel targets and there is
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little pressure to change that direction. But market
behaviors vary depending on whether mandates are
binding or not and even depending on which of the man-
dates is binding. If anything, tax credits, subsidies, and
tariffs are becoming less critical, since their impact is
primarily to alter the consequences for “who pays”
rather than what is produced and how. If tariffs and
credits were removed in the presence of a binding man-
date, the cost of achieving the mandate would shift
almost entirely to the transport fuel consumer rather
than being shared by taxpayers and fuel consumers.
Another important impact is that the fossil fuel compo-
nent of motor fuel would be relatively more costly, and
the use of fossil fuel would therefore be reduced. If in
the presence of credits and tariffs there is biofuel pro-
duction above that required by the mandate (i.e., the
mandate is not binding), the removal of these incentives
has the additional impact of reducing production of bio-
fuels and demand for and prices of feedstocks and other
commodities linked through market supply and demand
interactions (FAPRI, 2010a). In this situation, the politi-
cal pressure to keep the subsidies and tariffs is clearly
greater. The tax credit for biodiesel did expire at the end
of 2009 and as of July 2010 has yet to be reinstated, but
the ethanol industry is much larger and is expected to
exert far more pressure to extend the ethanol tax credit
before it expires at the end of 2010. Even that difference
in political influence of the industries holds uncertain
currency in the post-election political environment.

So, both the United States and the European Union
may have opportunities to improve the efficiency of
implementing biofuels policies, and both have tradeoffs
to consider in determining who gains and loses from
policy changes. The United States and the European
Union (and Member States) have chosen to implement
biofuels policy in different ways reflecting the different
institutional environments in those countries, but both
are relying on a combination of mandates (obligations),
subsidies (credits), tariffs, and increased GHG emis-
sions standards. These policy choices influence who
benefits and loses from the policy, and the political
economy of these choices also influences possible
future directions of policy change as well as intersec-
toral relations. Also, rebound effects can be expected.
As it is known for the United States, in the course of
implementing the biofuels policy, government expendi-
tures for price-based supports have been reduced in
some sectors (see also Hochman, Sexton, & Zilberman,
2008). This tendency is less expected in the European
Union since there is less dependence on price-based
support, and agriculture is mainly supported with legally

and politically well-established direct payments and
rural development plans. However, it is true that the
presence of the biofuels policy has decreased (but not
eliminated) expenditures on the market intervention and
export subsidies. The increased imports of feedstocks
have also generated import tariff revenue.

It seems evident that, despite many differences in the
starting points, the US and the EU policies are both con-
verging toward more reliance on mandates (obligations)
as the principal means to achieve policy objectives but
are also relying to varying degrees on subsidies, tax
credits, and tariffs. In building an industry so reliant on
policy interventions, both regions have risked creating a
situation where the removal of those policies would
have significant impacts on parts of the rural economy
and would therefore constrain the policy options for the
future.
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