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1 Executive Summary

Economic instruments can contribute to GHG emission reduction in various ways. When
considering economic instruments it is important to realize that they also serve many other aims.
Three main motives for pricing policies in transport can be distinguished:
¢ Influencing behaviour, to improve the efficiency of the transport system and/or to reduce
the environmental burden;
e Generating revenues;
e Increasing fairnesstd edsd mentohed in the EUFatysas gokeyi nc i p
principle).

In line with these various aims, various approaches to transport pricing exist. A first approach is
called internalisation of external cost, also called marginal social cost pricing. The primary motif
for internalisation is a more efficient economy by ensuring that prices equal marginal social costs.
A second approach for pricing policy are Baumal taxes which are set at a level which is estimated
to be sufficient to achieve a given environmental objective. A third approach is Ramsey pricing,
which is primarily aimed at generating revenues for governments with the smallest distortions on
the economy.

Apart from generating revenues and in a perfect market, the first best and most efficient approach
0 based on theoretical economic considerations & is marginal social cost pricing. However as
further explained in this report, deviating from pure marginal social cost pricing is usually
considered to be appropriate for various reasons.

Regarding GHG policy in transport, the main cost drivers for marginal climate cost of transport
are the fuel consumption and carbon content of the fuel. Therefore a purely marginal social cost
based tax or charge would be a fuel tax or charge at the level of the marginal external cost of
CO,, based on the carbon content of the fuel. Inclusion in an emission trading scheme is an
alternative way to give the same type of incentive. For all transport modes either fuel tax or
emission trading is therefore a key element in an effective and efficient GHG policy.

Applying pure marginal social cost pricing would imply that, in addition to fuel taxes for
internalising climate change cost, differentiated kilometre charges are introduced for internalising
the marginal cost of infrastructure construction, maintenance and management, air pollution,
noise, accidents and congestion. Depending on the mode, fuel taxes or emission trading and
differentiated infrastructure charges could be accompanied by some other economic instruments,
e.g. vehicle taxes to provide specific incentives for buying fuel efficient vehicles and to correct for
consumer myopia.

The cost of a tonne of CO2 is an important element in marginal social cost pricing. These costs

can be estimated by using damage cost or mitigation cost. A problem with both approaches is

that estimates have very high uncertainties. For 2010, the mid-range estimates for the whole

economyar e in the order of 025 phe €O2tcastareexpexrttdtdC O2 whi | €
increase to roughly G 85 per tonne, but with a ver
180 per tonne. Long term damage cost estimates do not yet include all possible long term risks,

like feedback mechanisms that may occur in the world climate system and lead to much more

rapid and dramatic climate changes. These risks are the main arguments behind the overall aim

of keeping temperature rise within 2 Centigrade. Therefore long term climate cost may even be

much higher than the figures mentioned above.

Both fuel taxes and a cap&trade emission trading schemes can be regarded a first best
approach. They provide incentives for all type of reduction options and leave the actual choice of
how to reduce CO, emissions to the market, that may deploy many different reduction options,
both technical (fuel efficient engines and vehicles, etc.) and operational (modal shift, fuel efficient
driving, speed reduction etc.). They also have an impact on transport demand, as they cause an
increase in fuel price. For the fuel consumers, emission trading works similar to a carbon price,
with the difference that the price can vary over time. To governments, the difference is that a CO,
emission target has to be set, instead of a CO, price.
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Were transport to be included in the existing EU ETS, a potential drawback is that the EU ETS
also contains companies that compete with industry outside the EU; a high CO, (and energy)
price may harm their competitive position. Strongly reducing the CO, cap in the ETS or otherwise
increasing the CO, price may therefore have negative impact on EU economy and employment,
and on the effectiveness of the CO, policy. Moreover, this option does not allow to minimize the
sum of mitigation cost and carbon leakage and therefore does not reduce GHG emissions at the
lowest overall cost for the EU economy. Note that this drawback would disappear once it were
possible to put a stringent global climate policy is in place.

Were transport to be included in the existing EU ETS, a potential drawback is that the EU ETS
also contains companies that competes with industry outside the EU, a high CO, (and energy)
price may harm their competitive position. Strongly reducing the CO, cap in the ETS or otherwise
increasing the CO, price may therefore have negative impact on the EU economy and
employment, and on the effectiveness of the CO, policy (because of carbon leakage). At the
other hand, when the cap is set too high, the overall reduction targets are not met and also
transport emissions are less reduced than needed. Including all transport modes in the ETS does
not allow to minimize the sum of mitigation cost and carbon leakage and therefore does not
reduce GHG emissions at the lowest overall cost for the EU economy. Note that this drawback
would disappear once a stringent global climate policy is in place.

This problem could be avoided by introducing a separate emission trading system for the
transport sector. However, such a system would be similar to forcing a similar fuel tax in all EU
Member States, but is likely to be much more complex.

Economic instruments can be well combined with other instruments. They are complementary to
vehicle regulation in improving fuel efficiency of the fleet. Various types of economic instruments
(e.g. fuel taxes, emission trading and differentiated vehicle taxes or parking fees) create market
conditions which help to increase the market share of fuel efficient vehicles.

As can be learned from price elasticities, economic instruments can have a significant impact on
the overall transport volume and modal split. The effects of pricing measures depend a lot on the
presence of alternatives. In a city with good public transport and cycling facilities, the impact of
parking fees will be larger than in other cities. Therefore, also for these reduction options,
economic instruments should preferably be combined with other type of instruments, e.g. spatial
planning, infrastructure policy, etc. in order to be effective.

It is extremely difficult to provide general estimates for the GHG reduction potential of the various
economic instruments because they depend heavily on the design, charge level and market
conditions. Most economic instruments aimed at reducing GHG emissions also have many co-
benefits in limiting other environmental impacts, accidents and/or congestion. For some
instruments, like kilometre charges, these impacts could even be regarded as the primary
impacts, while GHG reduction is rather a co-benefit.

The main barriers for the introduction of economic instruments that could effectively reduce GHG
emissions of transport have to do with the lack of public support and the fear for adverse
economic effects. Increasing transport cost has an impact on the production cost and therefore
also on the competitive position of the EU economy. The size of the impact is for a large part
dependent on the share of transport cost in overall production cost. This share is in almost all
branches between 1% and 4% and in 70% of the branches even less than 3%. So, increasing
transport cost has an impact on production cost, but in most cases this impact is only modest.

Finally, this paper resulted in a whole range of transport mode-specific conclusions and
recommendations. The main one are summarized below.

Road transport:

0 Various economic instruments can contribute to GHG reduction in road transport. Inclusion in
the ETS is in theory possible, but seems suboptimal, as long as it lacks a global climate
policy, for the reasons mentioned above. So particularly for road transport, a separate trading
scheme, or the probably less complex carbon taxes on fuel would be alternatives.
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o0 Given consumer myopia, also other instruments than fuel taxes or emission trading are
important in change consumer behaviour. Important examples are differentiated registration
taxes, circulation taxes and parking fees.

o Company car taxation and fiscal treatment of commuting and business travel includes several
types of hidden subsidies. Reforming these in a way that the subsides are diminished could
have significant GHG reduction potential.

o Kilometre charges and congestion charges can be effective instruments for reducing many
other types of external effects, particularly road congestion. Therefore they are effective
instruments in a policy that aims at both congestion reduction and GHG reduction, because
they can reduce traffic congestion without generating extra traffic.

Rail transport:

Financial instruments in rail transport have a relatively small GHG reduction potential. From the
perspective of fair and efficient pricing, rail pricing becomes important as soon as economic
instruments are further developed in other modes. Since electricity is already included in the EU
ETS, fuel taxes on rail diesel would than be one of the first instruments to develop in this sector.
However, improving the competitive position of rail transport by increasing the efficiency,
interoperability and quality of service seem currently higher priorities.

Inland navigation:

A fuel tax would be an efficient instrument to influence the CO, emissions from IWT when
implemented on European level. This would require amendment of the Mannheim Convention if
the effectiveness of the instrument was not to be highly be reduced. Only when this restriction
could be overcome it would be a reasonable instrument. The same holds for environmentally
differentiated infrastructure charges.

Maritime shipping:

Inclusion of maritime shipping in the EU ETS is one of the policy instruments being discussed for
GHG reduction for maritime shipping. A fuel tax is only environmentally effective if implemented
on a global scale. A global implementation is certainly not easy to achieve and is thus only
conceivable in the long run. Environmentally differentiated port charges are the most effective
when implemented on a global scale but also implementation on a regional scale can be
effective. Here voluntary participation of ports is conceivable too. Disadvantage of such port
charges could be that, depending on the design of the instrument, it might only provide a small
incentive for operators to take abatement measures: port dues seem to constitute only a small
part of the total costs for ships while at berth.

Aviation

o From 2012 on CO, emissions from aviation of flights from, to and within the EU will be
included in the EU emissions trading scheme, but does for the next decade not need to pay
for the |ion share of itdéds all owances.

0 Aticket tax and/or environmentally differentiated airport charges, voluntary implemented by
Member States, and subsidies could accompany the trading scheme. Equal regulation of the
different modes with regards to fuel taxation and VAT will add to a level playing field.

0 Afuel tax could be environmentally effective when implemented on European scale.
However, to this aim many Bilateral Air Service Agreements would have to adjusted. while
this would take time it is clearly feasible within the time frame under consideration.

o For both, a ticket tax and VAT on flight tickets, it holds that they target the external costs
indirectly by aiming at reducing the transport demand of passengers. Both instruments do not
give an incentive for airlines to invest in abatement measures. A ticket tax is easier to
differentiate environmentally.

0 Note that the NOx emissions of air planes, if emitted above a certain altitude, also contribute
to the GHG effect. Therefore CO, emissions regulation of aviation should be flanked by NOx
emission regulation. Here an emission trading scheme seems a plausible option too. An
emission trading scheme on a global scale is only conceivable in the long run, but would take
time to agree.
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2 Introduction

2.1 Topic of this paper

This paper is one of four policy papers drafted under the EU Transport GHG: Routes to 20507
Project. These papers review the policy instruments that could be used to stimulate the
application and take up of the technical and non-technical options that could contribute to

reducing transportds GHG emi ssi ormom202(to2090. Thip |t

paper focuses on economic instruments and so covers all types of taxes, charges, subsidies and
emission trading. The papers aim to provide a high-level summary of the evidence based on
existing studies.

This paper was presented in draft form to a Technical Focus Group meeting (at which
stakeholders were present) in September 2009 after which it has been updated on the basis of
the discussion at the meeting and the comments and further evidence that were received.

2.2 The contribution of transport to GHG emissions

o 202

The EU-276s greenhouse gas ( GHG) emi ssions from tran

projected to continue to do so. The rate of
to undermine the EUS®étal lend-teron IGHG emission raduetion tgogets ieno
action is taken to reduce these emissions. This is illustrated in Figure 1 (provided by the EEA),
which shows the potential reductions that would be required by the EU if economy-wide
emissions reductions targets for 2050 of either 60% or 80% (compared to 1990 levels) were
agreed and if GHG emissions from transport continued to increase at their recent rate of growth.
The figure is simplistic in that it assumes linear reductions and increases. However it shows that
unless action is taken, by 2050 transport GHG emissions alone would exceed an 80% reduction
target for all sectors or make up the vast majority of a 60% reduction target. This illustrates the
scale of the challenge facing the transport sector given that it is unlikely that GHG emissions from
other sectors will be eliminated entirely.

Figure 1: EU overall emissions trajectories against transport emissions (indexed)l
120

100 _|Total GHG emissions (EU-27)

=100)
o]
o
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(2]
o
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(avg. 2000-2005) -80 %
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Source: European Environment Agency

The extent of the recent growth in transport emissions is reinforced by Figure 2, which presents a
sectoral split of trends in CO, emissions over recent years. Whilst the CO, emissions from other
sectors have |l evelled out or h a v, emidsieng have risen

! Graph supplied by Peder Jensen, EEA

4

growt h

decr e:
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steadily since 1990. It should be noted that whilst Figure 2 is presented in terms of CO,
emissions, very similar trends are evident for GHG emissions (in terms of CO, equivalent) since
CO,emi ssions represent 98% of transportds GHG emi ss

Figure 2: Carbon dioxide emissions by sector EU-27 (indexed)2

CO2 Emissions * by Sector, EU-27

1990=1
1,40 1,40
1,30 - L 1,30
1,20 I 1,20
1,10 I 1,10
1,00 ¥ 1,00
0,90 L 0,90
0,80 T T T T T T T T T T T T T T T Oy80

1990 1992 1994 1996 1998 2000 2002 2004 2006

—=s—— Energy Industries —o— Industry ---®--- - Households
—2—— Other ****
—»—— Transport

Total —*— - Services, etc.

Notes:
i)  The figures include international bunker fuels (where relevant), but exclude land use, land use change and
forestry

ii)  The figures for transport include bunker fuels (international traffic departing from the EU), pipeline activities and
ground activities in airports and ports

iii) A0Otherodo emissions include solvent use, fugitive emissions,

The vast maj ority of Eur opean tuced bysqad trahspost, aGHG e mi
illustrated in Figure 3, while international shipping and international aviation are other significant
contributors.

Recent trends in CO, emissions from transport are also expected to continue, as can be seen
from Table 1 below. Between 2000 and 2050, the JRC (2008) estimates that GHG emissions
from domestic transport in the EU-27 will increase by 24%, during which time emissions from
road transport are projected to increase by 19% and those from domestic aviation by 45%. It is
important to note that these projections do not include emissions from international aviation and
maritime transport, which are also expected to increase due to the growth in world trade and
tourism.

2 Graph based on figures in DG TREN (2008) EU energy and transport in figures 2007-2008: Statistical Pocketbook Luxembourg, Office for
Official Publications of the European Communities.
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Figure 3:
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Greenhouse gases emissions by transport mode (EU-27; 2005)3

2%

Civil aviation

Railways
1%

2%

Navigation
(domestic)

Road
71%

Other

1%
International
aviation
10%

International
navigation

13%

Note: The figures include international bunker fuels for aviation and navigation (domestic and international)

Table 1: CO, emissions projection for 2050 by end-users in the EU-27, in Millions tonnes of Carbon*

End user Category 1990 2000 2010 2020 2030 2050
Road transport 695 82! 905 980 1002 1018
Rail 29 29 27 27 21 20
Domestic Aviation 86 134 179 206 237 244
Inland navigation 21 16 16 17 17 17
Total 810 088 1110 1213 1260 1299

Figures from the EEA (2008), illustrate the recent growth in GHG emissions from international
aviation, as they estimate that these increased in the EU by 90% (60 Mt CO,e) between 1990
and 2005; international aviation emissions will thus become an ever more significant contributor

to

transportoés

GHG

e mi

ssions

i f

current

trends

that the total impact of aviation on climate change is currently at least twice as high as that from

CO,emi ssions a

| one,

not abl

y

due

to

a i r)candawaters 6

vapour in their condensation trails. However, it should be noted that there is significant scientific
uncertainty with regard to these estimates, and research is ongoing in this area.

3 Graph based on figures in EEA (2008) Climate for a transport change i TERM 2007: Indicators tracking transport and environment in the
European Union EEA Report 1/2008, Luxembourg, Office for Official Publications of the European Communities.
* Taken from JRC (2008) Backcasting approach for sustainable mobility Luxembourg, EUR 23387/ISSN 1018-5593, Office for Official

Publications of the European Communities.
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Figure 4: Final transport energy consumption by liquid fuels in EU-27 (2005), ktoe®

O Motor spirit

B Gas diesel oil

O Other liquid biofuels
O Biodiesel

M Biogasoline

The principal S 0 U r ceenissimiis is tthe aombuptiornr df fossil fuelsl @urrently,

petrol (motor spirit), which is mainly used in road transport (e.g. in passenger cars and some light

commercial vehicles in some countries), and diesel, which is used by other modes (e.g. heavy

duty road vehicles, some railways, inland waterways and maritime vessels) in various forms, are

the most common fuels in the transport sector (see Figure 4). Additionally, liquid petroleum gas

(LPGQ supplies around 2% of the fuels for the European passenger car fuel market (AEGPL,

2009"), while the main source of energy for railways in Europe is electricity, neither of which are

included in Figure 4. While, alternative fuels are anticipated to play a larger role in providing the
transport sectorb6s energy Iimttrheutet dr & ,% igqoid r rt ehret Is
fuel use.

2.3 Background to project and its objectives

The context of the EU Transport GHG: Routes to 2050is t he Co mmi desm abjacve | ong
for tackling climate change, which entails limiting global warming to 2°C and includes the
definition of a strategic target for 2050. The Con
the importance of thetransport sect or in this respect be noting
to maintain the momentum towards a low carbon economy, and in particular towards
decarbonising our el ectrici t7yThe;euapep/aripusae¢entp0licbre tran
measures that are aimed at controlling emissions from the transport sector, but these measures

are not part of a broad strategy or overarching goal. Hence, the key objective of this project is to

provide guidance and evidence on the broader policy framework for controlling GHG emissions

from the transport sector. Hence, the projectds ob

- Begin to consider the long-term transport policy framework in context of need to reduce
greenhouse gas (GHG) emissions economy-wide.
- Deal with medium- to longer-term (post 2020; to 2050), i.e. moving beyond recent focus on
short-term policy measures.
- Il dentify what we know about reducing transportés
- ldentify by when we need to take action and what this action should be.

Given the timescales being considered, the project will take a qualitative and, where possible, a
quantitative approach. The project has three Parts, as follows:

5 Graph based on figures in DG TREN (2008), page 206

® European LPG Association (2009) Autogas in Europe, The Sustainable Alternative: An LPG Industry Roadmap, AEGPL, Brussels. See
http://www.aegpl.eu/content/default.asp?PagelD=78&DoclD=994

7 http://ec.europa.eu/commission_barroso/president/pdf/press 20090903 EN.pdf
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e Part | (6Review of the available informattd ond
reduce transportds GHG emissions, which was p
in the process of developing four policy papers (Papers 6 to 9) that outline the evidence for
these instruments to stimulate the application and up take of the options.

e Part |1 (6ln depth assessment and creation of fr
the work of Part | together to develop alongt er m pol i cy framework for r
GHG emissions.

e Part [ (60ngoi ng thadek engajementoanc thes develbpenentsaf a k e
additional papers on subjects not covered elsewhere in the project.

) h
r e s ¢

As noted under Part Ill, stakeholder engagement is an important element of the project. The
following meetings were held:

0 A large stakeholder meeting was held in March 2009 at which the project was introduced
to stakeholders.

0 A series of stakeholder meetings (or Technical Focus Groups) on the technical and non-
technical options for reducing transportés GHG

0 A series of Technical Focus Groups on the policy instruments that could be used to
stimulate the application of the options for r
were held in September/October 2009.

o Two additional large stakeholder meetings at which the findings of the project were
discussed.

As part of the project a number of papers have been produced, all of which can be found on the
projectbs website, as can al/l of the presentations

2.4 Background to project and its objectives

The context of the EU Transport GHG: Routesto 2050i s t he Co mmitgnsadbjectivés | ong

for tackling climate change, which entails limiting global warming to 2°C and includes the

definition of a strategic t aideneBarossoaecen®yridérlinedT he Com
the i mportance of the transport sector in this res

to maintain the momentum towards a low carbon economy, and in particular towards

decarbonising our electricity supply andthet r ans p o r.tTheee are vaooustrecent policy

measures that are aimed at controlling emissions from the transport sector, but these measures

are not part of a broad strategy or overarching goal. Hence, the key objective of this project is to

provide guidance and evidence on the broader policy framework for controlling GHG emissions

from the transport sector. Hence, the projectbs ob

- Begin to consider long-term transport policy framework in context of need to reduce
greenhouse gas (GHG) emissions economy-wide.
- Deal with medium- to longer-term (post 2020; to 2050), i.e. moving beyond recent focus on
short-term policy measures.
- Il dentify what we know about reducing transportéds
- ldentify by when we need to take action and what this action should be.

Given the timescales being considered, the project will take a qualitative and, where possible, a
quantitative approach. The project has three Parts, as follows:

e Part | (O6Revi ew oorfmathieomdv)aihashlccolilnated the relev
reduce transportds GHG emissions, which was pres:¢
in the process of developing four policy papers (Papers 6 to 9) that outline the evidence for
these instruments to stimulate the application and up take of the options.

8 http://ec.europa.eu/commission_barroso/president/pdf/press_20090903_EN.pdf

8
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e Part Il (6l n depth assessment and creation of fr
the work of Part | together to developalong-t er m pol i cy framework for re
GHG emissions.

e Part 111 (60Ongoing tasksd) covers the stakehol de

additional papers on subjects not covered elsewhere in the project.

As noted under Part Ill, stakeholder engagement is an important element of the project. A large

stakeholder meeting was held in March 2009 at which the project was presented. This has been

followed in July by a series of stakeholder meetings (or Technical Focus Groups) on the technical

andnont echni cal options f or missiaha A semeg of stakehoiderpor t 6 s GHG
meetings will be held in September/October (see below), which will be followed by a further large

stakeholder meeting in November and a final meeting probably in February 2010.

2.5 Background and purpose of the paper

This paper is one of four policy papers (Papers 6 to 9) being developed under the EU Transport

GHG: Routes to 2050 project. The aim of these papers is to review the policy instruments that

could be used to stimulate the application and take up of the technical and non-technical options

that could contribute to reducing transportds GHG
from 2020 to 2050. For the purpose of the project, we are using the following definitions:

- Options deliver GHG emissions reductions in transport i these can be technical, operational
or modal shift.
Policy instruments may be implemented to promote the application of these options.

The options were reviewed in a series of papers developed earlier in the project, i.e.:

Technical options for fossil fuel based road transport.
Alternative energy carriers and powertrains.
Technical options for non-road transport modes.
Operational options for all modes.

Modal split and decoupling.

agrONE

These fiopt ihavebeen revisgr éoitake into account comments received at an earlier
set of stakeholder meetings (in early July 2009), as well as any additional evidence that has been
supplied by stakeholders since those meetings. Revised versions of the options papers have
beenput on the paojectds websit

This paperisthesecondof a series of HApolicyd papers that rev
reducing CO, emissions from transport between 2010 and 2050. These papers cover:

Regulation of vehicles and energy carriers.

Economic instruments.

Infrastructure and spatial policy, speed and traffic management.
Information, R&D, pilots, voluntary agreements.

©xo~NO®

All of these papers use evidence from existing studies to assess each of these instruments
against a number of key criteria. The paper has been presented in draft form to a Technical
Focus Group meeting (at which stakeholders will be present) on 2 October 2009. After this
meeting, the paperhasbheensubj ect of consultation on the projec
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2.6 Structure of the paper

This paper is structured in the following way. Chapter 2 gives an overview of economic
instruments and pricing principles like internalisation of external cost and makes a link with the
reduction options that were discussed in paper 1-5 of this project.

In the other chapters of this paper the various economic instruments are discussed per mode.
Emission trading is special type o instrument because it is a combination of regulating and
economic instrument. Therefore it is treated in a separate chapter, also because the discussion
on emission trading is for the larger part the same for the various transport modes.

Chapter 4 - 8 discuss the economic instruments per transport mode. Economic instruments that

cover all transport modes (emission trading and carbon tax on all types of fuel) are discussed in
chapter 9. Finally the main conclusions are summarized in chapter 10.

10
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3 Economic instruments for transport
GHG emissions reduction in
perspective

3.1 Introduction

Economic instruments can contribute to GHG emission reduction in various ways. In this chapter
we first discuss the aims and principles of economic instruments and how they are related to
GHG reduction in transport (section 3.2). Then we give a brief overview of the state of the art of
estimating the external cost GHG emissions (section 3.3). Next we discuss the existing types of
economic instruments in transport in relation to transport GHG emission reduction and the
existing legislation (section 3.4).

Then in section 3.5, we give an overview of the relation between the economic instruments
discussed in this paper and the technical and non-technical options for reducing transport
emissions as discussed in paper 1-4 of this project. In this section we also discuss the pros and
cons of the various instruments in comparison to other types of policy instruments.

At the stakeholder meeting where a draft version of this paper was discussed, the share of
transport cost in production cost came up as an important issue, which is briefly discussed in the
text box below.

3.2 Overview of aims and principles of economic
instruments

3.21 Aims of transport pricing

Three motives for pricing policies in transport can be distinguished (each with various possible
policy aims) (IMPACT (CE Delft, 2008a), based on Verhoefet al, 2004):

Influencing behaviour, to improve the efficiency of the transport system by:
¢ Reducing environmental impacts of traffic.
¢ Allowing a freer flow of traffic (i.e. reducing congestion).
— Generating revenues, to:
e Finance new, extended or modernised infrastructure (which may in turn be related to the
aim of improving freer flow of traffic).
e Cover costs of infrastructure management, operation and maintenance.
e Finance mitigation measures.
e Finance the general budget.
— Increasing fairness, to:
o Make the polluter/user pay (polluter pays principle).
e Level out the income distribution or avoid overburdening of socially vulnerable groups.
e Mitigate changes in income distribution.
e Level the playing field between transport modes.

The polluter pays principle has strong roots in EU Legislation. Even the EU Treaty includes it as a
principle; Article 191 paragraph 2 states:

"Union policy on the environment shall aim at a high level of protection taking into
account the diversity of situations in the various regions of the Union. It shall be based on

11
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the precautionary principle and on the principles that preventive action should be taken,
that environmental damage should as a priority be rectified at source and that the polluter
should pay."

Therefore, transport pricing for reducing GHG emissions based on the polluter pays principle fits
well in the current high-level policy objectives. In addition this article underlines the importance of
charging close to the source.

3.2.2 Principles of transport pricing

In line with these various aims, we can distinguish various approaches to transport pricing. A first
approach to be mentioned here is based on macro-economic theory and usually called
internalisation of external cost. The primary motif for internalisation is a more efficient economy
by ensuring that prices equal marginal social costs. This approach, often called marginal social
cost pricing, is further explained in the following text box on the next page.

A second approach for pricing policy says that the tax is set at a level which is estimated to be
sufficient to achieve a given environmental objective. This approach can be traced back to
Baumol (1972) and Baumol and Oates (1975).

In addition to Pigovian and Baumol taxes, other approaches exist. Many pricing instruments are
not based on this type of principles but are rather introduced for generating revenues. An
important principle for taxes which aim at generating revenue is to cause the smallest possible
distortion to the economy by charging goods that have low price sensitivity. This approach is
called Ramsey pricing. In this paper, we focus on the contribution of pricing instruments to GHG
reduction which requires changing user behaviour. Therefore Ramsey pricing is of less interest
here and we focus on the other two approaches and a mix of the two. However, it should be
bared in mind that on top of Pigovian or Baumol taxes Ramsey-based taxes can be needed for
generating sufficient revenues for governments to keep state deficits at reasonable levels. If
transport is priced too low, other taxes will have to make up for the shortfall in revenues. These
taxes can be distorting when imposingaso-c al | ed 6excess burdené on the

Apart from generating revenues, the first best approach 6 based on theoretical economic
considerations 0 is the first (the Pigovian) approach: this way of taxing (in a perfect market)
results in the most efficient use of resources. However, as also explained in IMPACT (CE Delft,
2008a), see text box, there are various reasons for deviating from marginal social cost pricing.
The more pragmatic Baumoli Oates approach is therefore generally used, meaning that, if the
environmental target is given, environmental taxes can be used to achieve this target effectively.
They also provide incentives for technological improvements and increased efficiency in the long
run (dynamic efficiency).

Regarding GHG policy in transport, the main cost drivers for marginal climate cost of transport
are the fuel consumption and carbon content of the fuel. Therefore a purely marginal social cost
based tax or charge would be a fuel tax or charge at the level of the marginal external cost of
CO,, based on the carbon content of the fuel. Inclusion in an emission trading scheme is an
alternative way to give the same type of incentive.

In principle, these charges should be based on the direct GHG emissions of burning a litre of fuel.
In case there is no appropriate climate policy for the whole upstream fuel production chain, one
could argue that the incentive should also include the GHG emissions associated with the
upstream emissions of fuel production. In that case the price incentive should be based on the
total well-to-wheel greenhouse gas emissions per litre of fuel used.

In addition to fuel taxes for internalising climate change cost, applying pure marginal social cost
pricing would imply differentiated kilometre charges for internalising the marginal cost of
infrastructure operation, maintenance and management, air pollution, noise, accidents and
congestion.

12
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Internalisation of external cost - marginal social cost pricing

Transport gives rise to various types of external effects which pose costs to society. External effects of
transport are by definition the consequences not taken into account by those making decisions on
transport. The fundamental reason for this is that there is no well functioning market, where the
originators of external effects can buy the right to do so directly from those affected by the external
effects. Therefore the market clearing process does not lead to an efficient outcome, from a societal
point of view.

The notion of external costs originates in the economics literature with Pigou (1912) who also formulated
the first internalisation strategy: namely a regulatory levy on the price of the activity creating the
externality set on a level equal to the corresponding marginal external costs. This levy is known as the
Pigovian tax. To explain the basic idea in the context of transport, transport users will then take account
of the additional external effects of their transport decisions in just the same way as they would do with
private costs and hence the transport market can do its proper work in achieving social efficiency. In
other words, the proper incentives are given to ensure that the costs of transport do not exceed the
benefits to society.

The translation from theoretical Pigovian taxes (often referred to as Marginal Social Cost Pricing) to
practice is not a simple one, as the nature of the externality renders it difficult to get the information
required for imposing the charge at the source of the externality and subsequently for setting the tax at
the right level. The informational challenges concern both the identification of how the externality is
related with the transport activity (i.e. what is the source of the externality) and what the related
(marginal) external costs are.

There are limits to both the level of detail of the estimation of external costs and the way users can take
account of differentiated charges. As an example: external congestion cost levels may vary from minute
to minute, transport users may not fully understand such differentiated charges or not be able to take full
account of such varying taxes and charges and even then, technological solutions to charge such rapidly
varying taxes and charges are not straightforward either. Still, Marginal Social Cost Pricing is more
efficient when the charge structures better reflect the actual marginal costs.
The theoretical 6first bestd solution, regul ato
may not be appropriate or feasible when all theoretical conditions are not achievable or not known, or
when a multitude of motifs and aims are at stake, and thus prices need to be set conditional to
constraints of imperfections. Hence, deviations from Marginal Social Cost Pricing may be needed,
because:
1. first-best pricing is not applied throughout the whole network considered or for all competing
modes,
2. pure Marginal Social Cost Pricing requires a technological system which may be too complex or
expensive to implement. This is related to transaction and administrative costs.
3. revenues from pure Marginal Social Cost Pricing may be insufficient to cover total infrastructure
costs.

From: IMPACT, 2008

A problem with the pure marginal social cost pricing approach is that there are very high
uncertainties with the external cost of CO2 emissions (see the next section). In addition, there are
various other reasons for fuel taxation, as will also be discussed in section 4.1. Taking account of
these uncertainties and the other arguments for deviating from pure marginal social cost pricing
that were mentioned before, policy makers should also consider other types of economic
instruments for reducing GHG emissions from transport. A third argument to deviate from just
marginal social cost based fuel taxation, is the fact that fuel consumption is closely linked to
vehicle purchase decisions and availability cost and attractiveness of alternative modes, which
are more affected by other (economic) instruments.

Examples of other economic instruments that can give strong incentives for GHG reduction in
transport are vehicle taxes, differentiated infrastructure charges or specific subsidies to provide
additional incentives for reducing GHG emissions from transport. These instruments can provide
specific incentives, e.g. for buying fuel efficient vehicles. In general, also these type of CO2 based
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taxes should as much as possible be technologically neutral, linear (every gram of CO2 is taxed
the same) and do not discriminate against certain vehicle types, classes or segments

Finally, it is important to emphasize that the pricing principles refer to tax and charge levels and
structures, but not to the way revenues are spent. Spending tax money should not be based on
the way these revenues have been gained but rather on the added value of the spending.
Therefore, earmarking revenues is generally not regarded to be efficient.

3.3 External cost of GHG emissions from transport

The external cost of GHG emissions can be based on damage cost or avoidance cost. The
IMPACT handbook (CE Delft, 2008a) includes an extensive analysis of existing literature on
external cost estimation of GHG emissions of transport of both approaches. The analysis below
has for a large part been based on this meta analysis.

The damage cost approach follows the impact pathway approach and uses detailed modelling
to assess the physical impacts of climate change and combines these with estimations of the
economic impacts resulting from these physical impacts (see e.g. Watkiss, 2005a and 2005b).
There is a broad and established literature on valuation theory and its application, including
studies on the monetary value of lower mortality risk, ecosystems, quality of life, etc. However,
economic valuation, especially in the area of climate change, is often controversial, because:

0 There is a general lack of knowledge about the physical impacts caused by global
warming.

0 Available damage cost estimations of greenhouse gas emissions vary by orders of
magnitude due to special theoretical valuation problems related to equity, irreversibility
and uncertainty. Concerning equity both intergenerational and intra-generational equity
must be considered.

Critical aspects determining uncertainties in valuation studies based on damage costs are:

— Assessment of the worldwide long term economic development, technological developments
the associated greenhouse gas emissions for the baseline scenario compared to which the
marginal external costs of additional CO, emissions are to be assessed.

— Assessment of the physical impacts of climate change and selection of the impacts included
in the analysis; this is especially true for air transport emissions in high altitudes.

— Assessment of the economic impacts resulting from the estimated physical impacts and
selection of the impacts valued in the analysis.

— The discount rate used.

— Consideration of major risks and dramatic changes of the climate (e.g. slowing down of the
golf stream).

— The approach to weighting impacts in different regions (called equity weighting).

— The time horizon used.

The most recent studies on damage costs have estimated higher values than previous studies,
due to more detailed modelling and more knowledge on sensitive risks (see the IMPACT
handbook, CE Delft, 2008a). Thevalues are in the range of 50 t
these costs do not consider very specific risks of abrupt climate change such as for example a
sudden slow down or even stop of the Gulf Stream or feedback mechanisms in the global climate
system which could result in much more rapid and extreme climate changes. Results of studies
on damage costs still display a large spread, indicating the high level of uncertainty still attached
to this approach.

The alternative approach calculates avoidance costs or mitigation costs. The method is based
on the least-cost option to achieve a required level of greenhouse gas emission reduction, e.g.
related to a policy target. The target can be specified at different system levels, e.g. at a national,
EU or worldwide level and may be defined for the transport sector only or for all sectors together.
This approach has been applied and recommended in several studies, such as the Stern report,
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2006. Also EC, 2007b provides information on avoidance costs of reaching long term reduction
targets.

Critical aspects determining the accuracy of avoidance cost estimates are (see IMPACT
handbook (CE Delft, 2008a) and OECD, 2009):

— The choice of the target level that is used to assess avoidance costs, with regard to the:

e System to which the target is applied (e.g. all sectors vs. specifically for the transport
sector or a country/region vs. worldwide).

e The numerical value of the target level, based on scientific evidence.

e Political and public acceptance; formally only legally binding targets laid down in national
law or international agreeme nt s can be considered as a valid
willingness to pay.

e Time horizon (short term versus long term).

— Estimation of the greenhouse gas reduction potential of technical and non-technical options

(at the vehicle level as well as at the system level, incl. e.g. possible rebound effects).

— Assessment of the future costs of technical and non-technical options in various sectors to
reduce greenhouse gas emissions.

— Assumptions on the energy costs (fuel prices) used in the assessment of avoidance costs for
the technical and non-technical options.

— The scope of the cost: just direct cost or also cost of indirect effects like co-benefits (reduction
of congestion, accidents, other environmental impacts, etc.), changes in consumer surplus.

— The discount rate used

— The methodology for calculating the cost and how this is applied: annual capital cost or net
present value.

Avoidance costs are strongly determined by the target level. Recently the European Commission
has announced new target levels, but these are not fully implemented yet and a specific target for
the transport sector has not yet been set. At the same time nations world-wide are engaged in
preparation of an agreement on post-Kyoto targets. This means on the one hand that the
relevance of avoidance cost estimates based on the Kyoto-target is diminishing, but on the other
hand also that a new proper target level for estimating avoidance costs is currently not available.

The avoidance costs for the economy as a whole are different from the avoidance costs for the
transport sector. To avoid carbon leakage and negative impacts on competitiveness of certain
sectors, different avoidance cost levels in different sectors may be acceptable or even to be
preferred. From this perspective, in an efficient climate change policy, avoidance cost of
measures taken in the transport sector could be higher than in some other sectors, particularly
those exposed to competition outside the EU and with a high risk of carbon leakage.

In EC, 2007a° an Impact Assessment is presented of a proposed EU strategy to reduce the

global climate change to 2°C compared to pre-industrial levels. Using the POLES and GEM E3

models the costs are calculated for a scenario in which global greenhouse gas emissions are

reduced to 25% below the 1990 level in 2050. In the baseline scenario global greenhouse gas

emissions are projected to increase by 86% in 2050 compared to 1990. Carbon prices resulting

from CO, emissions trading in the policy scenario for different regions and over time more or less

represent the development of the avoidance costs in the least cost path towards the 2050 target

and are found to gradually increa€@®@inf203dm 15 G/ tonn

In many studies the avoidance cost approach is considered more feasible, since the approach is
more transparent and refers to climate change policy. It has to be considered, however, that
several political decisions, e.g. regarding the reduction target (short or long term) and the scope
of reduction (transport or all sectors, national or international), are underlying the outcome of this

9 SEC (2007) 8, Limiting Global Climate Change to 2 degrees Celsius The way ahead for 2020 and beyond, Impact Assessment

Summary.
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approach. This leads to the conclusion that different external cost factors per tonne of CO, should
be considered depending on the time horizon and the assumed reduction target.

For policies aimed at internalisation of external costs of transport it suffices to derive external cost
factors that are representative for greenhouse gas emission reductions in the short to medium
term. If external cost factors are used to assess costs and (environmental) benefits of policies,
investment decisions or projects that affect future CO, emissions also external cost factors are
necessary that are valid for future CO, emissions. Both for the avoidance cost approach and for
the damage cost approach these long term external cost factors for greenhouse gases will
generally be higher than the short term values. The marginal reduction cost increase because the
reduction targets are tightened over time while volumes grow with GDP growth. The marginal
damage cost increase because the impacts of an additional tonne of CO2 is expected to increase
with the CO2 concentration in the atmosphere.

Based on the detailed assessments carried out, IMPACT (CE Delft, 2008a) recommended values
presented in Table 2, and in Figure 5. IMPACT also states that there are still high uncertainties
with the cost of GHG emissions.

Table 2 External costs of climate change from IMPACT project ( i n U /CO%),rexpeessed as
single values for a central estimate and lower and upper values
Central valuegs (U/tonne
Year of application Lower value Central value Upper value
2010 7 25 45
2020 17 40 70
2030 22 55 100
2040 22 70 135
2050 20 85 180

Figure 5 External costs of climate change from IMPACT project (i n U/ t 2),rexpeess€das
single values for a central estimate and lower and upper values
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The short term estimates, up to 2020, are based on the available abatement cost estimates
(Kyoto and 2020 reduction targets), while for the long term, damage cost estimates have been
used. It should be noted, however, that the long term estimates do not yet include all possible
long term risks, like feedback mechanisms that may occur in the world climate system and lead to
much more rapid and dramatic changes. These type of risks are the main arguments behind the
overall aim of keeping temperature rise within 2 Centigrade. So, long term climate cost may be
higher than shown here.
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With external cost of climate changing change over time, an important question is which
estimates should be used at what time. One may argue that anytime, the external cost estimate
of that time should be used as the basis for price incentives. However, given the delay influencing
the choices of consumers and industry, it may be more appropriate to confront users already with
the higher values to get their behaviour influenced in time.

Recently, the French and UK governments have chosen an alternative approach for estimating
carbon price, which is called target consistent pricing. In this approach, the carbon price is based
on the price level needed for meeting long term reduction target. It can be considered as Baumol
pricing which was discussed before. In the long run carbon prices based on target consistent
pricing and estimations based on mitigation cost can be expected to converge.

3.4 Existing economic policy instruments for
transport in relation to GHG reduction

There are many types of economic instruments in force in the various transport modes. The
mixture and design of economic instruments differs per transport mode and per member state.
Table 3 gives an overview of the existing types of taxes and charges per transport mode. In
addition there are various types of subsidies and tax breaks for the various modes™.

Table 3 Overview of existing taxes and charges
Mode Existing taxes and charges
Road-cars Fuel excise duty

Circulation tax

Vehicle purchase tax

Toll

Parking fees

Congestion charge

Insurance tax

VAT

Company car taxation

Road-HGV Infrastructure charge:

— User charge (fixed).

— Toll on specific parts of the network (e.g. bridges and tunnels).
—  Toll on motorways.

— Tollon all roads.

Fuel excise duty

Circulation tax

Congestion charge

Insurance tax

VAT

Ralil Infrastructure charge

Diesel excise duty

Electricity tax

VAT

ETS (for electricty)

Water Harbour and fairway dues

Dues for locks and bridges

Fuel excise duty (in a few specific cases)
Aviation LTO charge (often differentiated wrt noise emissions)
En-route charge (for air traffic control services)
Noise surcharge (in several Member States)
Emission charge (at a few specific airports)
Fuel excise duty (in a few specific cases)
VAT (domestic flights)

ETS (from 2012)

1% see also the Greening transport inventory of the Greening transport package of the EC, July 2008.
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Based on: CE Delft, 2008a

Notes:
1.

The nature of the various taxes and charges is very different. VAT is not a transport specific tax,
but a general consumption tax. It has been included here to give a complete picture of the
differences between the various modes. Note that companies can pass the VAT by subtracting
them from the VAT on their own added value.

Company car taxation is an aggregation of various types. It includes among others fiscal treatment
of 6benefit in kinddé employees have to pay,
capital allowance regimes for employees. In addition also the fiscal treatment of commuting and
business trips in private cars are important. Also for the fiscal treatment of parking various options
exist. The various options will be discussed in chapter 4.

Most of these instruments have been introduced for other aims than GHG reduction. However,
despite that GHG reduction is not their primary aim, also these types of instruments may in fact
contribute to GHG reduction.

For some instruments European legislation exists. The most important directives are on:

Fuel taxation

Infrastructure charging for heavy good vehicles
Infrastructure charging for rail

ETS

In addition there are various types of treaties that block or put conditions to certain types of
economic instruments. This is particularly the case for the waterborne transport modes and
aviation (e.qg. bilateral air-service agreements for aviation, the Mannheim convention for inland

shipping).

The main examples of economic instruments directly aiming at GHG reduction in transport are:

0
0

0
0

Differentiation of vehicle purchase taxes and annual circulation taxes to fuel efficiency;
Other types of subsidies or tax breaks, e.g. subsidies for hybrid cars, subsidies for fuel
efficiency improvements like roof spoilers or side fenders of lorries.

Emission trading for aviation and electricity (electric modes)

Some of the existing (carbon) taxes on fuel (e.g. in Sweden).

Fuel taxation gives incentives for any type of fuel saving and therefore is an instrument that can
contribute to GHG emission reduction. Higher fuel prices stimulates transport users to save fuel in
all possible ways.

In this paper, we look forward to 2050. This means that for all transport modes, basically all types
of economic policy instruments are of interest. Therefore we now give an overview of the various
types of instruments and what incentives they provide.

Besides the instruments listed in the table, there also exist other types of taxes and charges that
are relevant for transport GHG policy.

3.5

Overview of main types of policy instruments

In this section we give an overview of the various economic instruments for GHG emissions
reduction in transport.

3.5.1

Levy points and incentives

Economic instruments can be categorised by the incentive base and the levy point. These two
are often linked. The main levy points are the following (with per levy point also the main types of
incentive base, from the perspective of GHG reduction in transport):
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o Infrastructure use (Kilometres driven. (air)port visits, fuel efficiency of the vehicle)
0 Use of space for parking (parking hours, fuel efficiency of the vehicle)

0 Vehicle purchase (price or mass of the vehicle, fuel efficiency of the vehicle)

0 Vehicle ownership (engine or mass of the vehicle, fuel efficiency of the vehicle)

As noted in section 3.2.2, fuel taxes provide incentives for basically all technical and non-
technical options for reducing GHG emissions, including fuel efficient vehicles, fuel efficient
driving and demand reduction. The reason is that GHG emissions are directly linked to fuel
consumption. Fuel taxes which are based on the carbon content of the fuel give in addition to all
othr GHG reduction options, also an incentive for a shift to low carbon fuels. In case where
upstream emissions (i.e. from fuel production) are not internalised, fuel taxes should preferably
even reflect the total well-to-wheel GHG emission of the fuel. For biofuels for which well-to-wheel
GHG gains can be proven, this could also be factored into a carbon-content based fuel tax.

Fuel taxation is the first best instrument to implement the "polluter pays" principle since the use of
fuel is directly linked with the use of the vehicle and the extent to which it emits CO2. Fuel cost is
a relatively large part of transport operating costs and therefore fuel tax can have a large

influence, depending on ités level. Wi th reducing

energy security. The influence on fuel efficiency in vehicles purchase and design is indirect but
can be substantial (see also section 3.5.3). Compared to these impacts, the impact of fuel taxes
on kilometres driven is generally smaller, though may still be significant. Therefore fuel taxes may
have some co-benefits in reducing kilometre-related external effects (like air pollution, noise and
congestion), but these benefits tend to be small, particularly because fuel taxes can not be
differentiated to regions where these other effects are most severe.

In the case of electric transport, electricity levies are directly linked to the energy use. However,
the GHG impacts depend heavily on the electricity mix. Undifferentiated electricity levies provide
incentives for energy savings as well as transport volume reduction and modal shift to non-
electric modes. Electricity taxes that are differentiated to the GHG emissions of the electricity
generation, provide also incentives for low-carbon electricity.

Just like carbon-based fuel taxes and electricity levies, emission trading is also ideally linked to
energy use and ités GHG i mpact. Therefore it
that are based on the carbon content of the fuel or electricity levies that are differentiated to GHG
impacts electricity mix. The market response may be smaller because there is less certainty
about the price incentives in the future. The price incentives given with emission trading depend
on the way the credits are distributed and on the cap of the system. Current levels of allowance
prices will have a small impact on choices in the transport sector. At the other hand, lower caps
together with expected transport growth rates will lead to higher prices.

Kilometre charges provide incentives for reducing vehicle kilometres of the mode that is
charged, so this includes higher vehicle utilisation, modal shift to competing modes and reduction
of the total transport volume. Kilometre charges do not give incentives for a shift to more fuel
efficient vehicles or fuel efficient vehicle use (e.g. eco-driving). However, when kilometre charges
are differentiated to the fuel efficiency of the vehicle, differentiated to fuel type, they can also
provide incentives for fuel efficient vehicles and possibly low carbon fuels. Such a differentiation
is currently considered in the Netherlands for the kilometre charging scheme that is planned to be
introduced in the period 2012-2016. Compared to fuel taxes, the incentives will be less precise,
because they need to be based on fuel efficiency data from test cycles and can be differentiated
to a limited number of vehicle efficiency classes. In addition they do not give incentives for eco-
driving. Because of the direct link with fuel use, fuel taxes do not face such limitations.

The share kilometre-related charges can have in operating costs varies per mode and the price
level. Kilometre charges can have important benefits in reducing air pollutants and congestion,
particularly when differentiated to relevant parameters like time of the day, vehicle emission
category, road type and region.

In aviation and maritime shipping, (air)port charges (per visit to a port or airport) are more

common than kilometre charges. The reason for this is that these modes use point infrastructure,
in contrast to line infrastructure such as roads, inland waterways or railways. These charges
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provide indirect incentives for GHG emission reduction, by limiting transport growth and improving
vehicle utilisation. They may also provide incentives for modal shift, but not for using fuel efficient
ships or aircraft, unless they are somehow differentiated to the fuel efficiency.

Also parking fees could be regarded as a particular type of infrastructure charge, however, they
are usually regulating charges rather than (infrastructure, space and external) cost-based
instruments. They provide incentives for reducing car ownership and car use and therefore
reduce the overall transport volume, stimulate higher vehicle utilisation and modal shift.

Particular in road transport there are also vehicle taxes and charges, associated with
purchasing or owning a vehicle. These taxes and charges reduce car or truck ownership and
therefore also modal shift and to some extent the overall transport volume. There is evidence that
at least car owners may not make fully rational decisions with regard to fuel efficiency of vehicles
on purchase (consumer myopia). Today usually less than the first three years of fuel use are
taken into account whereas from the perspective of society the fuel use over the life time of the
vehicle should be taken into account. If longer periods were taken into account, people would be
more likely to opt for more fuel efficient cars. Therefore differentiation of registration taxes or
circulation taxes may be a good instrument for giving additional incentives.

Both parking fees and vehicle taxes and charges can also be differentiated to the fuel efficiency
of the vehicle. In that case they can provide incentives for a higher fuel efficiency of vehicles.

3.5.2 Transport subsidies

For each of the levy points, subsidies or tax exemptions can be used to give specific incentives.
The main examples are:
0 Subsidies or tax exemptions for low carbon fuels or biofuels
0 Reduced or zero-tariff infrastructure charges, parking fees or vehicles taxes or charges
for very fuel efficient vehicles.

In contrast to taxes and charges discussed so far, most subsidies provide incentives for a specific
technology, rather than stimulating a whole range of technological reduction options.

Subsidies can in some cases be effective for temporally stimulating specific technologies to help
them entering the market. Many countries have some types or tax exemptions like reduced
vehicle taxes for hybrid or very fuel efficient cars, lower fuel taxes for biofuels, subsidies for
specific measures for improving aerodynamics of lorries and various types of subsidies for
specific modes of transport.

However, subsides are in principle second best. The economically preferable approach favoured
in the Treaty is for the polluter to pay for the damage caused. In general subsidies have some
important drawbacks:
0 They lower overall transport cost and therefore generally have the risk of an increase in
overall transport volumes.
0 They can frustrate fair competition between various technologies; the technologies that
are subsidised may not always turn out to be the most cost effective technology.
o They carry the risk of many O6free riderséo,
chosen that specific technology also without the subsidy.
0 They require additional tax revenues to make up for the shortfall in revenues. These
taxes can be distorting when imposingaso-c al | ed 6éexcess burdenb

Besides the direct types of subsidies with environmental objectives mentioned above, there are
also various types of subsidies with other aims, some of which are indirect or hidden subsidies.
From the perspective of GHG reduction, an interesting example are tax-breaks for travel cost
compensation for commuters. The size and design of this type of tax breaks have a large impact
on the commuting distances and modal choice for commuters.
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There are many other examples. In 2007, EEA attempted to make an overview of all transport
subsidies in Europe. Table 4 gives an overview of the main types of transport subsidies as
identified by EEA in 2007. In that study subsidies were defined as economic advantages that are
granted from public budgets without a direct service in return, e.g. grants and tax deductions.
However also other definitions are possible, in particular the definition from a macro-economic
perspective (in line with internalisation of external cost): all transport costs that are not covered by
users, including all kinds of externalities, infrastructure costs or different regulation (Nash 2002).

Table 4 Main types of transport subsidies per incidence from EEA, 2007
Initial Description Relevant subsidies
Incidence quantified
in this study
Infrastructure Public spending on transport infrastructure network Infrastructure subsidies
(roads, rail, waterways, airports and air traffic control)
including investment, running and hidden costs; minus
charges for use or access to infrastructure.
Fuel Subsidies for production, distribution and use of fuels. Fuel-tax exemptions

Means/Vehicles | Subsidies for production, distribution, use and disposal | Other on-budget subsidies
of vehicles.

Users/Services | Subsidies for transport provisions and activities of VAT exemptions; Other
companies, households, private and public institutions, | on-budget subsidies
including subsidies to operators for reduced fares.

Other Subsidies with indirect impact on transport demand Note: subsidies with
(e.g. for housing, building, settlement, regional indirect transport impacts
development, trade and distribution). are not quantified in this
study

Source: EEA, 2007

The EEA tried to provide an overview of all transport subsidies in Europe but acknowledged that it
was practically impossible to get a full overview. It particularly lacks a consistent overview of on
budget subsidies and to less extent also of infrastructure cost. Table 5 shows their results. In
some cases, the subsidy depends very much on what is chosen as reference level. This is
particularly the case for infrastructure, fuel and VAT related subsidies.

Table 5 Overview of total annual subsidies found by EEA (2007), by incidence and mode (billion
2005 EUR)
On-budget subsidies Off-budget subsidies Total
Infrastructure Other on-budget Fuel-tax VAT
subsidies (EU-15) subsidies exemptions | exemptions

Road 110 7 0 9 125
Rail 37 33 0-1 3 73
Air 0 1 8-16 18 277 35
Water 10 1 3-19 0 147 30
Multiple modes 30 30
Total 156 73 11-36 29 2397 293

Note: Numbers may not add to totals shown due to rounding. Infrastructure subsidies equal infrastructure
costs minus infrastructure charges. For fuel-tax exemptions, low and high estimates are provided; for road
transport the tax rate for fuels exceeds the rates selected as references to calculate subsidies. This table is
based on incomplete data; the total value of European transport subsidies remains unknown.

This overview makes c¢clear that the overall transpo
maghnitude depends on definition.
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Besides this rather broad and rough overview, other more specific studies resulted in different
estimates. The most complete analysis of railway finances was in NERA (2004) which shows
to railways in the EU15 amc

Of this:

that, in 2001, total public sector contribut i on s
09.7 billion was for
011.8 billion was to

I nfrastructure mai

capital i nvest ment .
compensate operators
ntenance and operations
Staffandpensi ons ( U®heré, fobhisforical masdns, these are imposed by
government and are more than in a commercial organisation;

Debt ser vi cei paymdnts 6 reducd theiindebt¢dness of the railway;
Restruct ur i ngrerolidg.extesbcadadity. o n)

Complete data is not available for countries that have joined the EU since 2004, but NERA

showed that in 2001 contributions to investment were very small (41290 million) and contributions
to operating expenses small (G 1 . 2 )i This means that the total public sector contributions
for the whole EUin200lwer e about

040 bi

Il I'i on.

Figures contained in a presentation of DG TREN in 2009 on the Rail Market Monitoring Scheme
(RMMS) showed a slight reduction in public sector contributions in the period up to 2005.
Although data on some countries are missing from the RMMS analysis and some data is
unreliable, there has been little change in public sector contributions since 2001. This means that
the total public sector contributions for rail transport for the whole EU is likelyto be stilla b o u t
billion which is slightly over half the figure estimated by EEA and also includes the payments on
service-obligations, which were not included in the EEA data. The comparison of the studies
makes clear that it lacks a reliable overview of transport port subsidies and that is very difficult to
make a complete and coherent overview.

For road transport some hidden subsidies do exist, in particularly related to company cars and
parking space. These are discussed in the next chapter.

A specific type of subsidy for road transport are the recent car scrapping schemes which were
part of the stimulus packages of various EU member states. Particularly Germany spent a lot of
money, 5 billion Euro in total, on subsidies for scrapping old passenger cars. The main aim of
these schemes was to stimulate car sales to bridge the deep dip in car sales.

At the long run this type of schemes are not likely to contribute to GHG reduction in transport. At
the short run the fuel efficiency of the fleet may somewhat increase, but this is likely to be a
temporary effect, since the car sales in the years after the scheme will be lower than would have
been the case without a scheme. The scheme supports car sales rather than technology
innovation. It is to be expected that coming decades, the overall fuel efficiency of new cars will
determined by the CO2-regulation. Therefore, the impact of the scrapping scheme will be
vanished as soon as the fleet has been renewed, which is on average within one and half
decade. The scheme also improves the competitive position of individual road transport
compared to competing modes. From a GHG reduction perspective this may have adverse
effects. Moreover because of the large amounts of money involved, the additional tax revenues
required to make up for the shortfall in revenues are substantial. As argued before, this can
imposean6excess burdeno

on

t he

economy.

Overall we conclude that reforming transport subsidies can contribute to GHG reduction in
transport. Quantification of the overall reduction potential of such a reform is not possible. For
some types of subsidies (e.g. fuel tax exemptions, commuter tax breaks) it is clear that
abolishment would lead to GHG reduction. For other types of subsidies (like stimulation of multi-
modal transport), the impact is less straightforward.

™ Far from receiving subsidies, some railways, particularly those in Central and Eastern Europe, do not even receive full
compensation for their losses on these services.
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3.5.3 Relation with GHG reduction options

Based on the previous section, we elaborate the relation between the various types of economic
instruments and the technical and non-technical reduction options that were discussed in paper
1-5 of this project (see section 2). Table 6 lists for each transport mode, the main policy
instruments and how they stimulate the application of the various GHG reduction options. In the
overview positive effects (GHG reduction, labelled green) and negative effects (GHG increase,
labelled red) are distinguished.

Table 6 Overview of which reduction options are stimulated by the various policy instruments

Shift to low-carbon energy carriers
Fuel efficient driving/sailing/flying

Reduced vkms due to higher
Modal shift to low-carbon modes
Limiting overall transport growth

More f fuel efficient vehicles
vehicle utilisation

Reduced car-ownership

Road

Higher fuel tax road transport

|

Carbon content differentiation of existing fuel taxes

Flat road charges or tolls for HGV

Road charges/tolls for HGV, differentiated to fuel
efficiency

Road charges/tolls for all road vehicles, differentiated to
fuel efficiency

Variabilisation: from fixed charges to km-charges

New/higher purchase taxes cars

New/higher annual taxes cars

New or higher parking fees

Fuel efficiency differentiation of parking fees, purchase or
circulation taxes

Fuel efficiency differentiation of company car taxation

Subsidies on fuel efficient cars

Rail

New or higher fuel tax rail diesel

Higher energy tax electricity (rail)

CO, differentiation of existing rail infrastructure charges

Subsidies for rail transport

Inland shipping

New or higher fuel tax inland shipping

(CO, differentiated) waterway charges

(CO, differentiated) port charges

Subsidies for inland shipping

Maritime shipping

Fuel tax maritime shipping

(CO, differentiated) sea port charges

Subsidies for maritime shipping
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Shift to low-carbon energy carriers
Fuel efficient driving/sailing/flying

Reduced vkms due to higher
Modal shift to low-carbon modes
Limiting overall transport growth

More f fuel efficient vehicles
vehicle utilisation

Reduced car-ownership

Aviation

(_
(_

Fuel tax aviation

(CO, differentiated) airport charges

Ticket tax (e.g. VAT)

All transport modes

Inclusion of transport in ETS

Separate emissions trading scheme for transport
(cap&trade)

Carbon tax for all transport fuels

Personal carbon budget

J, Policy instrument leads to GHG reduction at the long term by inducing this reduction option
T Rebound effect: Policy instrument leads to GHG increase by negative impact on this reduction option

The usual way to describe the relationship between price changes and changes in the transport
system are by using price elasticities. The price elasticity is defined as the ratio between relative
change in transport (e.g. change in overall ton-kms or average annual fuel consumption per car)
and the relative change in a specific user price (e.g. fuel price, purchase price of a vehicle, etc.)

Price elasticities depend on many things. They may change over time and vary between
countries. Moreover they may depend on the current price level. Therefore price elasticities
should be interpreted with some care. However, they can give a good indication of the impacts
various prices can have on the overall fuel consumption.

It is beyond the scope of this paper to provide a summary of the existing literature on price
elasticities. However, below we give a very brief overview of some key values.

For GHG emission reduction, the most important elasticities are those describing the ratio
between the overall fuel consumption and various price changes. For road fuel use, the long term
fuel price elasticities are generally about -0.6 (Goodwin et al, 2004). This means that a 10%
increase in fuel price leads to a 6% decrease in overall road fuel consumption compared to a
situation without such a price change. For HGV, there are less reliable data available, but most
fuel price elasticities for HGV are smaller (-0,4, Hagler Bailly, 1999). Generally fuel prices have
the larger impacts on fuel consumption than kilometre charges, because in addition to kilometre
reduction they also give incentives for fuel efficiency improvements of vehicles and driving style.

For other modes, it is more difficult to give an overall estimate for the price elasticity for fuel

consumption, because this depends on many parameters, e.g. options for modal shift, fuel
efficiency improvements, current price levels, etc.
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3.54 Relation with other policy instruments

As discussed in the previous section, economic instruments can contribute to GHG reduction in
transport in various ways. However, they are not the only type of instruments. In this section we
discuss the main interactions between economic instruments and other instruments.

First of all, economic instruments can be complementary to vehicle regulation in improving fuel
efficiency of the fleet. Various types of economic instruments (e.g. fuel taxes, emission trading
and differentiated vehicle taxes or parking fees) create market conditions which help to increase
the market share of fuel efficient vehicles. When consumers get incentives for buying (extremely)
fuel efficient vehicles, it is much easier for car manufacturers to sell these cars. Also for the other
modes, economic instruments can help to improve the business cases for fuel efficient vehicles
and are therefore key elements in greening transport fleets. Where efficient standards are
primarily aimed at the supply side, the economic instruments can influence consumer demand.

Regarding low-carbon energy carriers, economic instruments could also give price incentives to
increasing their market shares. However, because the choice in fuel types is much smaller than in
vehicles, there may be less need for influencing consumer demand when regulation is set. Using
one instrument may therefore be more appropriate here.

A third important impact of economic instruments can have is on the overall transport volume and
modal split. The effect of pricing measures depend a lot on the presence of alternatives. In a city
with good public transport and cycling facilities, the impact of parking fees will be larger than in
other cities. Therefore, also for these reduction options, economic instruments should preferably
be combined with other type of instruments, e.g. spatial planning, infrastructure policy, etc. in
order to be effective.
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Economic instruments for GHG
emissions reduction in road transport

Introduction

This chapter gives an overview of various economic instruments for road transport and the role
they could play in a long term GHG policy: fuel taxes, kilometre charges, vehicle taxes, parking
fees, company car taxation and subsidies. As indicated before, emission trading is discussed in a
separate chapter.

4.2

42.1

Fuel tax

Current situation

Road transport fuels are taxed in all European countries, mainly for fiscal reasons. All member

states are obliged to have fuel taxes at a certain minimum level or higher; there is no maximum

value. Some of the new member are temporarily allowed to apply taxes below the minimum

levels. The so-called Commercial Diesel proposal from 2007 proposes to further harmonize the

fuel excise duties in the various member states, by increasing the minimum tax levels. The table
below provides an overview of the current minimum fuel taxes and the future levels according to

this proposal.

Table 7 Proposed minimum excise duties for diesel
2007 2010 2012 2014 2016
Diesel i EU-15 302 330 359 380 380
Petrol i EU-15 359 359 359 380 380
Diesel i EU-10 Per country 302 302 359 380
Petrol i EU-10 Per country 359 359 359 380

Source: Commercial Diesel Proposal.

Fuel taxes vary with the fuel used and are, apart from their fiscal, revenue-raising function, an
appropriate instrument to internalise the costs of climate change effects. Fuel taxes provide
incentives for all technical and non-technical options for reducing GHG emissions.

4.2.2

Comparison with carbon prices

Figure 6 shows the fuel excise duties in various Member States in 2007. In the same graph the
minimum excise duties for petrol and diesel are shown, both the current levels and the ones

according to the Commercial Diesel Proposal. Also the climate change costs with a valuation of

25 Euro per tonne of CO2 (mean value for 2010 from the IMPACT handbook, CE Delft, 2008a)
and 85 Euro per tonne (mean value for 2050 from IMPACT) are indicated.

27

and

pet



Economic Instruments EU Transport GHG: Routes to 2050?
AEA/ED45405/Paper 7 Contract ENV.C.3/SER/2008/0053

Figure 6 Comparison of road fuel excise duties, Commercial diesel proposal and external costs
of climate change
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Source: IMPACT handbook (CE Delft, 2008a).

The existing fuel taxes for road exceed the external cost of climate change. The minimum fuel tax
according to the Commercial Diesel Proposal (38 Eurocents per litre), if it were purely a
greenhouse gas tax would correspond to a CO, shadow price of 145 Euro per tonne for diesel
and 162 Euro per tonne for petrol.

However, as explained in section 3.3, these estimates are very uncertain and should be treated
with care. In addition fuel taxes have different functions, which may also vary between countries:

1 The fiscal function
Excise duties as a general tax for fiscal reasons; non earmarked taxes belong to this
category. In all Member States, the fiscal function of fuel taxes is very important. It can be
regarded as a kind of Ramsey pricing, gaining tax revenues with low distortions to the
economy.

2 The infrastructure financing function
In many countries, together with vehicle taxes, a part of excise duty taxes (sometimes
earmarked) can be considered as a contribution to infrastructure cost recovery. This is
particularly the case in Member States where infrastructure costs are not covered by
revenues from tolls.

3 A payment for (external) costs of security of supply
The external costs of security of energy supply can be considerable and fuel taxes are a
proper instrument to cover these costs. Currently there are no reliable estimates available, so
it is impossible to indicate which part of excise duties should be considered as internalising
these costs.

4  The environmental function
Within some countries, an identifiable CO, tax is levied with the specific aim of reducing
greenhouse gases and the achievement of environmental goals and energy efficiency. With
the absence of appropriate kilometre charges for internalising the external cost of air
pollution, noise and accidents and in some case infrastructure cost, fuel taxes might also be
regarded as internalising these costs at an aggregate level. However, fuel taxes are usually
not well correlated with the drivers of these costs, because they can not be differentiated to
parameters like Euro-standards.
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The key question regarding fuel taxes for road transport, is whether or not additional fuel taxes on
top of the existing excise duties are an appropriate policy for reducing GHG emissions from
transport. Among experts and policy makers, there is clearly no agreement on this. We give a
brief overview of the key arguments in this discussion:
0 Higher fuel taxes are a perfect instrument because they give incentives for all possible
reduction options and current excise duties will be insufficient for meeting the long term
GHG emission reduction targets.
0 Additional fuel taxes may lead to welfare losses from a macro-economic point of view
when they result in a situation in which the overall level of transport taxes and charges
exceed the various external cost.

Apart from these arguments, a relevant question is to what extent higher fuel taxes could
contribute to GHG reduction in road transport. This is discussed below.

423 Effects

Short-term fuel savings consist of reduced driving and a shift towards more fuel-efficient vehicles
owned in multi-vehicle households. Over the long-term, higher fuel prices encourage consumers
to purchase more fuel-efficient vehicles and to reduce vehicle kilometres by long-term changes
like changing house or job resulting in smaller commuting distances. The impact of fuel prices on
fuel efficiency is illustrated by the fact that typical prices in Europe are roughlz/ twice those in
North America, and average new car fuel efficiency is about 25i 50 % better**. About two-thirds of
long-term fuel savings for passenger cars typically come from increased fuel efficiency of the car
fleet and one third from reduced vehicle travel and modal shift (PBL, 2009). Increased fuel taxes
cause greater fuel savings but less vehicle travel reductions then the same amount of revenue
collected through per-mile fees, road tolls or parking charges.

To estimate the GHG reduction potential of higher road fuel taxes, we made some indicative
calculations. These show the order of magnitude of the impacts that might be expected.

In case a carbon tax (at the level of certain external cost) would be introduced on top of the
existing fuel taxes, fuel prices would roughly increase with the rates listed in Table 8. The exact
rates depend on the assumed pre-existing fuel price.

Table 8 Various shadow prices of CO; expressed in Euro per litre fuel and the estimated
relative price increase™
CO, shadow price Petrol Diesel
Euro-ct per Price Euro-ct per Price
Euro per tonne of CO, litre fuel increase (%) litre fuel increase (%)
18 4.1 3% 4.73 5%
25 5.7 4% 6.57 7%
50 11.4 9% 13.15 13%
70 15.96 12% 18.4 18%
85 19.38 15% 22.35 22%
180 41.04 32% 47.33 47%
Note: assumed fuel pelices.0@petrol 01.30; dies

When we apply the average long term fuel price elasticities for passenger cars and HGV (see
section 3.5.3), these price increases result at the long term in a reduction of the overall fuel
consumption for these modes as listed in Table 8.

ADEME/WEC (2004); it is difficult to give the exact figure because of differences in car fleet composition.

13 These data are based on the carbon content of the various fuels.
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