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Executive Summary

This paper is one of four policy papers drafted under the project fEU Transport GHG: Routes to
205070 These papers review the policy instruments that could be used to stimulate the
application and take up of technical and non-technical options that contribute to reducing

t r a n s greenhbudesgas (GHG) emissions, both up to 2020 and in the period from 2020 to
2050. This paper reviews and discusses regulatory instruments of which the main options are:
- CO; emission limits or targets for road vehicles and other modes;

- efficiency standards for components of vehicles and

- well-to-wheel emission regulation for energy carriers.

Over the last decades regulation has proven a very effective policy instrument in reducing
noxious emissions (air pollutants) from road vehicles. Since end of 2008 European regulation is in
place for the CO, emissions of passenger cars, setting a sales-averaged target of 130 g/km for
new vehicles in 2015. This regulation is already now having its effect, with fuel-efficient vehicles
using advanced CO, reduction technologies coming to the market at a higher pace then even
deemed possible at the time the Regulation was designed. Besides for road transport, regulation
may also be considered for other modes such as non-road mobile machinery, rail, inland and
maritime shipping and aviation. Especially for other modes than road transport regulation of GHG
emissions per unit of transport function (e.g. g/pass-km or g/tonkm) may become relevant.

As a policy instrument, regulation can be considered an alternative to fiscal or other economic
instruments. It can, however, also be used as a complementary instrument augmenting the
effectiveness of a cap and trade system or CO, tax by making sure that sufficient technological
options come to the market which enable users to respond to the incentives set by the fiscal or
economic instrument. In such a combination the target level for the regulation needs to be
carefully coordinated with the overall target at which the economic instrument is aiming.

Currently all existing CO, regulation is based on tank-to-wheel (TTW) emissions as measured on
a type approval test. Due to changes that can be expected in vehicles and energy use, the nature
of GHG emission regulation for transport may need to change to take better account of well-to-
tank (WTT) or well-to-wheel (WTW) energy emissions, as well as the embedded energy in
vehicles and emissions occurring in production and recycling. An alternative to a WTW-based
regulation for vehicles would be a coordinated development of TTW regulation for vehicles and
WTT regulation for fuels and other energy carriers, to ensure that a transition to powertrains using
other energy carriers brings the desired net WTW GHG emission reductions. In the longer run a
regulation of the life cycle impacts of vehicle production and decommissioning could also be
considered.

An important prerequisite for setting emission standards or regulatory targets / limit values is the
availability of appropriate test procedures. These are also relevant for other, flanking measures
such as labelling and CO, differentiation of taxes. An important issue for further development of
these test procedures is to improve the correlation between reduction measured on the type
approval test and effects on emission under real-world driving conditions.

In addition to or as an alternative for regulating emission at the vehicle level it may be useful to
introduce efficiency regulations for a number of relevant vehicle components. This can be done
for powertrain components, but is especially relevant for energy consuming auxiliaries. The
impact of these systems on real-world energy consumption and CO, emissions is generally
difficult to simulate in type approval testing at the vehicle level.

In general a regulatory framework for reducing CO, emissions from road vehicles should as much
as possible be technology neutral, allow flexibility for manufacturers to comply with the targets in
the most cost effective way, avoid undesired market distortions, maintain of even promote the

i ndustryds gl ob,aidsupmrmthesraquired transitioe teveards sustainable
vehicles and energy carriers.
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In terms of GHG emission reduction from the energy chain, CO, regulation of the fuels seems a
suitable way increase the production efficiency for current fuels, to reduce flaring, and to promote
the introduction of low-carbon fuels in the future. It would also help to counteract the trend
towards higher WTT emissions in the production chain for conventional fuels. An alternative for
regulating the WTW emissions of energy carriers would be a renewable energy target. If such a
target is designed flexibly, allowing many different types of renewable energy to count towards
the target (as is the case in the current RED directive), the market will be stimulated to find the
most cost effective renewable energy solution for transport. Together with the CO, regulation of
the fuels, this can be expected to result in a drive for low carbon renewable energy. Both types of
regulation can be accompanied by additional sustainability criteria besides WTW GHG emissions.

If electric transport increases in the future, the policies for the power sector come into play: the
ETS sets a cap on CO, emissions, and various member states have implemented renewable
energy policies. Further greening of the power sector will then also reduce GHG emissions of the
transport sector.

Overall it is concluded that an integral set of policy instruments is necessary to regulate WTT and
TTW emissions in such a way that the introduction of clean technologies, relevant for realising
ambitious long term emission reduction levels, are stimulated without creating loopholes or even
adverse impacts on WTW GHG emissions in the intermediate timeframe. In the long term a level
playing field needs to be created in which improved conventional technologies and new options
compete on the basis of cost effectiveness towards meeting environmental targets on the one
hand and market attractiveness on the other hand.

Combining an energy efficiency target at the vehicle level (rather than a CO, emission target) with
a WTW GHG emission target at the level of energy carriers appears an option, but requires more
research to investigate whether it provides better safeguards for realising net WTW emission
reductions and against loopholes;

Overarching regulatory measures may be considered as a means to reinforce the effects of other
policy instruments. A combination of vehicle regulation and measures targeting in-use parameters
incentivises application of fuel efficient vehicles and optimal use of the vehicles. Therefore not
only efforts in setting regulatory vehicle standards, but also in in-use standards for e.g. logistics or
public transport may be useful.

Vi
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1 Introduction
1.1 Topic of this paper

This paper is one of four policy papers drafted under the project fFEU Transport GHG: Routes to
205070 These papers review the policy instruments that could be used to stimulate the
application and take up of technical and non-technical options that could contribute to reducing
transportds GHG emissions, both up2050.dhis2p8p2r0 ajnd i n
focuses on regulatory instruments and so covers issues such as CO, emission limits or targets
for road vehicles and other modes, efficiency standards for components and emission regulation
for energy carriers. The papers aim to provide a high-level summary of the evidence based on
existing studies.

The paper was presented in draft form to a Technical Focus Group meeting (at which
stakeholders were present) in July 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.

1.2 The contribution of transport to GHG emissions

The EU-276s greenhouse gas ( GHG) emi ssions fr tra
projected to continue to do so. Ther at e of growth of transporto GHG
to undermine the EUGb6s e f-ter;miIGHG emission raduetion tgpgets ienmot i a | |
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.

y O

m n
S

Figure 1: EU overall emissions trajectories against transport emissions (indexed)l
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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
sector s have |l evel l ed out or h a v, emidsieng have risem decr e
steadily since 1990. It should be noted that whilst Figure 2 is presented in terms of CO,

! Graph supplied by Peder Jensen, EEA



Regulation for vehicles and energy carriers
AEA/ED45405/Paper 6

EU Transport GHG: Routes to 20507
Contract ENV.C.3/SER/2008/0053

emissions, very similar trends are evident for GHG emissions (in terms of CO, equivalent) since

CO,emi ssions represent 98% of transportds GHG
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 4 1,30
1,20 A F 1,20
1,10 A F 1,10
1,00 ¥ 1,00
0,90 A 0,90
b
0,80 T T T T T T T T T T T T T T 0180
1990 1992 1994 1996 1998 2000 2002 2004 2006
—=s—— Energy Industries —o— Industry - -®--- - Households
—2—— Other **** Total ——— - Services, etc.
——— Transport
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) AOthero emi ssi ons pitvedmissioss, veastd andeagricultures e ,  f u
The vast majority of European transportoés GHG

illustrated in Figure 3, while international shipping and international aviation are other significant

contributors.
Figure 3:
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Civil aviation
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Navigation

International
aviation
10%

Road
71%

International
navigation
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Greenhouse gases emissions by transport mode (EU-27; 2005)3

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

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.

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.
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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.
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! 905 080 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 transport 6s cuEéhQrermscorgirmue. Buntleermoré, the IPCC has estimated

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

CO,emi ssions al one, notably due to aihamwaert sd emi ss
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.

Figure 4: Final transport energy consumption by liquid fuels in EU-27 (2005), ktoe®

O Motor spirit

W Gas diesel oil

O Other liquid biofuels
O Biodiesel

W Biogasoline

The principal source of transportdéds GHG emissions
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

* Taken from JRC (2008) Backcasting approach for sustainable mobility Luxembourg, EUR 23387/ISSN 1018-5593, Office for Official
Publications of the European Communities.
5 Graph based on figures in DG TREN (2008), page 206
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the most common fuels in the transport sector (see Figure 4). Additionally, liquid petroleum gas

(LPG(? 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 sectords energy in the future, currently
fuel use.

1.3 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 target for 2050. In 2009the Co mmi ssi ondés Presi dent Bar o:¢
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 electri ci7t13/nere5anep/aribuyrecaamtnolicyhe trans
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 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.
- ldentfy what we know about reducing transportoés GHG
- Identify 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:

- Part | (O6Review of the available informationd) h:
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.

- Part 11 (6l n depth assessment and creatign of fr
the work of Part | together to developalong-t er m pol i cy framework for rec
GHG emissions.

- Part 111 (60ngoing tasks6) covers the stakehol dei

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 echnical options for reducing transportdés 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.

1.4 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:

® 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

4
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- 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.

agrwNE

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.

This paper is the first of a series of #Apolicyd pa
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.

© 0N

All of these papers use evidence from existing studies to assess each of these instruments
against a number of key criteria.

This paper has been presented and discussed in draft form to a Technical Focus Group meeting

(with stakeholders present) held on 23 September 2009. After this meeting, the paper has been

the subject of consultation on the havemjludethdé s websi
results of the Technical Focus Group meeting and other comments and additional evidence

provided by stakeholders.

1.5 Structure of the paper

This paper is structured in the following way:

- Chapter 2 presents a brief overview of existing regulation in Europe and introduces a humber
of general issues that are relevant for the design of further regulatory measures for the 2010
T 2050 timeframe;

- Chapter 3 focuses on regulatory measures for road vehicles, highlighting regulations for light
duty vehicles in Europe and elsewhere, sets out a general framework for designing CO,
regulation for road vehicles and explores options for regulating heavy duty vehicles;

- In chapter 4 possibilities for regulating efficiency at the component level are explored;

- Options for regulating the well-to-tank GHG emissions from energy carriers are discussed in
chapter 5;

- Chapter 6 looks at regulatory options for other transport modes, including aviation and
shipping;

- In chapter 7 some possible overarching regulatory options are discussed,;

- Chapter 8 summarizes the conclusions from the foregoing chapters.
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2 Introduction and overall issues
2.1 Overview of existing regulations in Europe

In the EU legislation for regulating GHG emissions from road vehicles for the period until 2020
has partly been agreed and is partly in the process of preparation. The purpose of this paper is to
look beyond this 2020 time horizon. Nevertheless a summary of the present status and
developments for the period until 2020 is useful, as this may serve as a starting point for further
developments.

211 COg;, legislation for vehicles

Passenger cars

In December 2008 the European Parliament and Council have reached agreement through a co-
decision procedure on the details of the CO, legislation for passenger cars, laid down in
Regulation No 443/2009°. Some important elements of the agreement, relevant to issues
discussed in this paper, are:

e Limit value curve: the fleet average to be achieved in 2015 by all cars registered in the EU is
130 grams per kilometre (g/km). A so-called limit value curve implies that heavier cars are
allowed higher emissions than lighter cars while preserving the overall fleet average.
Manufacturers will be given a target based on the sales-weighted average mass of their
vehicles.

e Phasing-in of requirements: in 2012 65% of each manufacturer's newly registered cars must
comply on average with the limit value curve set by the legislation. This will rise to 75% in
2013, 80% in 2014, and 100% from 2015 onwards.

e Manufacturers may receive emission credits contributing up to 7 g/km to the achievement of
their specific CO2 target for the application of so-called eco-innovations;

e Credits for flex-fuel vehicles: Emissions of CO, of vehicles designed to be capable of running
E85 shall be reduced by 5 % until 31 December 2015 for sales in Member States where at
least 30 % of the filling stations provide this type of alternative fuel complying with the
sustainability criteria for biofuels set out in relevant Community legislation;

e Long-term target: a target of 95 g/km is specified for the year 2020. The modalities for
reaching this target and the aspects of its implementation will have to be defined in a review
to be completed no later than the beginning of 2013.

A more detailed summary of the European CO, legislation for cars is presented in section 3.1.

Light commercial vehicles

A proposal9 by the European Commission for a regulation of CO, emissions from light
commercial vehicles has been published in October of 2009 and is currently under discussion.
The proposed legislation is based on the same overall approach as designed for passenger cars.
It uses a utility-based limit function for the mid-term target set at 175 g/km, which is to be phased
in between 2014 and 2016. Furthermore the proposal contains a long-term target for 2020 set at
135 g/km.

8 REGULATION (EC) No 443/2009 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 23 April 2009 setting emission

performance standards for new passenger cars as partofthe Communi t ydés i ntegrat ed ,emnspoanofanlght-duly r educe CO
vehicles, see: http://ec.europa.eu/environment/air/transport/co2/co2_home.htm

2 COM(2009) 593, Proposal for a REGULATION OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL setting emission

performance standards for new light commercial vehicles as part of the Community's integrated approach to reduce CO, emissions from

light-duty vehicles, see: http://ec.europa.eu/environment/air/transport/co2/co2_cars_regulation.htm

6
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Heavy duty vehicles

Currently the European Commission is also gearing up preparatory work for the development of

CO, policies for heavy duty vehicles, including the option of CO, regulation. In a recent call for

tender by DG-ENV'? the following policy options are mentioned as possible candidates:

e Emissions trading, either as part of the EU ETS or free-standing;

e Legislation to set performance requirements for whole vehicles, vehicle components and
trailers;

e Enhanced vehicle market transparency, e.g. by means of fuel efficiency / CO, labelling of
vehicles and of vehicle components;

e A monitoring system covering the performance of the vehicles sold as well as the amount of
fuel sold to HDV;

e A strengthened programme for disseminating good practice to freight forwarders;

e Achange in the legislation on weights and dimensions to allow certain equipment to reduce
air resistance;

e A reduction of the existing speed limitation for heavy-duty vehicles.

Regulation of the energy efficiency or CO, emissions of complete vehicles or components is an
important option in this list. A problem with this vehicle category, however, is that emission testing
in type approval has so far been prescribed at the level of the engine (instead of at the vehicle
level as is the case for passenger cars and vans). This engine test does not provide meaningful
results with respect to the CO, emissions at the vehicle level. At the same time introducing a
vehicle based type approval test is difficult due to the large share of so-called multistage vehicles,
which receive a build-up from another manufacturer than the OEM. The large number of vehicle
types in this sector is furthermore associated with a broad range of usage patterns. Ideas exist for
solving this with a combination of testing and modelling, but the feasibility for this is to be
assessed in the coming year. A more detailed discussion of issues relevant to the development of
CO, regulation for HD vehicles is presented in section 3.4.

DG TREN has taken initiatives to review directive 96/53EEC on Vehicle size and Weights, which
will include an evaluation of the impact of increase vehicle length to improve aerodynamic
characteristics and an extended use of the fAimodul a

Other related measures

As part of the Integrated Approach towards meeting the Community objective of 120 g/km the EU
is also promoting the application of tyre pressure monitoring systems (TPMS) and gear shift
indicators (GSI) and is setting regulatory targets for the maximum tyre rolling resistance. These
issues are to be promoted by means of regulatory measures, i.e. by obliging application of certain
technologies (TPMS™ and GSI), or by labelling (in case of tyre rolling resistance?). Proposals for
these are in preparation (see chapter 4). The contribution of biofuels to the strategy is ensured
through the Fuel Quality Directive 2009/30.

2.1.2 Regulation for other transport modes

There are currently no regulations or standards for the CO, emissions of non-road modes of
transport in force, but preparatory work that is needed for setting standards is being worked out
by either the UN or the sectors themselves. For several modes (maritime ships, aircraft, trains)
indexes are being developed that describe the efficiency in terms of CO, per seat-km or capacity-
km. The development of these standards will need several years, as these developments are all
recent. The indexes need to be tested, and before standards can be discussed, the baselines for
different types of vehicles (e.g. RoRo and container ship) need to be defined.

Furthermore, overarching regulation is also under discussion, with setting emission targets for
public transport or logistics as examples (CO, per ton-km of passenger-km, or caps on total
emissions in the case of public transport). The advantage of overarching legislation is that it gives

© ENV.C.3/SER/2009/0038
' COM(2008)316
2 cOM(2009) 348
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incentives to increase the efficiency of transport by a reduction of empty running and an increase
in load factors.

CO, emissions of the rail sector are indirectly regulated by the fact that the production of the
electricity for propulsion of trains is included in the European Emission Trading Scheme. Airlines
will be covered by the ETS as of 2011-2012.

2.1.3 Fuel quality directive

The fuel quality directive 2009/30™ (FQD, see [EU 2009b]) basically serves two purposes: to
ensure (technical) compatibility of fuels with vehicles, and to reduce the negative (mainly
environmental) impact of transport fuels. As part of the latter aim, the recent directive 2009/30
has introduced a GHG regulation, setting a CO, reduction target for road transport fuels for the
period between 2010 and 2020, from well to wheel. This target can be met by blending biofuels
with (proven) CO, reduction, or by reducing flaring and venting at fossil fuel production sites. The
directive also enables an increase of the level of biofuels in diesel and gasoline sold in the EU.

In addition, several sustainability criteria are defined for biofuels, including a minimum GHG
reduction requirement and a number of criteria to reduce direct land use change emissions and
impact on biodiversity. These will need to be further developed in the coming years.

214 Renewable energy directive

The renewable energy directive 2009/28/EC [EC 2009a] recently set a 10% mandatory target for
the share of renewable energy in road transport fuels for 2020. In order to promote biofuels
produced from waste or woody biomass, these will be counted double towards the target. In
addition, a methodology is provided to enable the inclusion of renewable electricity used for
transport to also count towards the target. This directive makes use of the same sustainability
criteria as the ones in the fuel quality directive, aiming to ensure that only sustainable biofuels
count towards the target.

2.2 General issues for future regulation

2.2.1 Overview of options for future regulatory instruments

The present CO, legislation for passenger cars sets a target for the sales averaged CO,
emissions per manufacturer using a mass-based CO, limit function (see sections 2.1 and 3.1).
For the longer term a wider range of options should be discussed in the light of designing a
follow-up for the present CO, legislation for passenger cars as well as new CO, legislation for
other road vehicles and other transport modes. Some of the options discussed in this paper are:
o further tightening of the emission targets within the present approach for cars and light
commercial vehicles;
e emission limits per vehicle:
0 setting an absolute emission maximum, either on its own (individual vehicle emission
limits) or in combination with fleet averaging (as an upper limit);
e using utility-based limit curves that penalise high emitters (flattening out for high values of the
utility parameter);
e using bin-based systems requiring increasing shares of vehicles over time to meet more
stringent emission limits;
e regulation of the energy efficiency of components;
0 see chapter 4;

3 DIRECTIVE 2009/30/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 23 April 2009 amending Directive 98/70/EC as
regards the specification of petrol, diesel and gas-oil and introducing a mechanism to monitor and reduce greenhouse gas emissions and
amending Council Directive 1999/32/EC as regards the specification of fuel used by inland waterway vessels and repealing Directive
93/12/EEC, see: http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2009:140:0088:0113:EN:PDF
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e regulation of well-to-tank emissions associated with production and distribution of fuels and
other energy carriers
0 see chapter 5;
e regulation of CO, emissions per unit of transport function:
0 g/pass-km or g/tonkm, especially relevant for other modes than road transport;
0 see chapter 6;
e setting absolute restrictions on vehicle parameters (e.g. size, weight, power, power/mass
ratio);
0 see section 4.4;
e limitation of maximum speed or other performance indicators;
0 This offers some room for creativity in combination with flanking measures such as
steep tax differentiation between speed limited / unlimited vehicles;
0 see section 3.7;
e mandatory externally controlled limitation of speed and acceleration, dependent on location
and condition of driving;
0 also possibly beneficial for reasons of air quality, noise and safety.

2.2.2 General criteria for design of regulation

General issues to be discussed and evaluated in the design and assessment of (options for)
future regulation of GHG emissions from vehicles are:
e regulation should preferably not be technology specific;

o0 Technology specific legislation has the risk of creating a lock-in into obsolete
technology pathways, obstructing technological progress and limiting the room for the
market for finding the most cost-effective solution for meeting the environmental
goals while taking account of other goals and needs related to the specific product or
application.

0 However, in cases where there are no or limited alternative technologies providing
the same solution, technology specific legislation may be a suitable way to promote
application and overcome possible market barriers (as e.g. with closed particle
filters).

o definition of appropriate target level or limit value;

0 attainability with technologies deemed available in target year;

A Targets may be challenging and should stimulate innovation. Therefore one
should enable technology-forcing legislation and not only technology-
following legislation;

0 taking account of cost-effectiveness from a user point of view as well as from a
societal point of view (marginal abatement costs);

0 proportionality in relation to the overall GHG reduction objective;

0 proportionality with respect to reduction targets and associated marginal abatement
costs in other sectors of economy or subsectors of the transport system;

A Marginal abatement costs should be calculated taking into account fuel cost
savings and other benefits, including reduction of other externalities besides
GHG emissions.

e measurability

0 Measurability has a fundamental and a practical side.

A Fundamental measurability means that something can be measured in
principle in the lab at the vehicle level or on the road at the fleet level. This
e.g. requires that the effect of a measure can be distinguished from effects of
other measures and compared to a baseline. Measuring the impact of eco-
driving for example is problematic from this perspective.

A The practical side deals with availability of appropriate test procedures. For
any regulatory requirement with target levels or limit values you must have a
methodology against which one sets the requirement. This methodology
should be representative with respect of normal vehicle use in traffic. Having
appropriate test procedures available in time is a matter of planning ahead.
But in some cases it may be difficult to establish practical test procedures,
with practical related to technical feasibility, acceptable complexity and
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acceptable costs. Besides test procedures one also needs a well identified
party responsible for compliance with the legal requirement.
e proportionality between regulated reduction (e.g. sales averaged gCO,/km measured on type

approval test) and net real-world impact in Mton CO,-equiv. per year (see also section 2.2.3);

e accountability: target stakeholders responsible for meeting target;

e fairness in distributing the required efforts and financial burden over various involved
stakeholders;

e possible market distortion impacts:

0 Regulation always "distorts", i.e. impacts on, the market status quo, the relative
competitiveness of manufacturers and their freedom to develop and market certain
products. That in itself is not a problem and can nor should be avoided, especially for
more stringent legislation required to meet ambitious long term goals. But it is useful
to assess possible market distortion effects beforehand and to consciously decide
which impacts are acceptable and proportional in relation to the desired effects of the
regulatory legislation;

possibilities for loopholes or perverse incentives;

adverse incentives and trade-offs with other policy targets;

possible rebound effects;

appropriate level of penalties for non-compliance;

relation with other GHG policy instruments applied to the same (sub)sector (see section 2.3).

More detailed criteria which have been applied to the design of CO, legislation for passenger cars
and vans are discussed in section 3.3.1.

2.23 Technical issues

Regulatory activities in Europe with respect to transport for the moment focus on road vehicles. In

the preparation of these policy instruments, however, fundamental questions arise that are also

relevant to GHG emission regulation of other transport vehicles and modes. The main issues are:

e Definition of a (set of) test cycle(s) and accompanying test procedure that yield emission
results which are representative for real-world use of the vehicles;

e Provisions for adequately dealing with alternative propulsion systems using conventional

fuels;
e Provisions for adequately dealing with vehicle using alternative energy carriers:
0 Dbiofuels;

0 electricity;
0 hydrogen;
0 more exotic options like compressed air, or metal-air batteries.

The latter point may require definition of a new metric for regulating GHG emissions from
vehicles. It will require some form of well-to-wheel approach and will need to be able to deal with
foreseen co-evolutions of the transport and energy system. This issue is discussed in section 2.4.
Considerations related to test cycles and test procedures are discussed in the context of road
vehicles in section 3.5.

For a mode like rail the non-operational activities such as construction, maintenance and
operation of the infrastructure and all supporting functions are important sources of GHG
emissions, which may need to be taken into account.

CO, emission standards or limits could also be related to the function of a vehicle and be

expressed in e.g. g/passengerkm or g/tonkm. This is discussed in chapters6and7.The @Al oado
should always be the actual cargo being transported and should not include the weight of

transport equipment. When a complete truck, a trailer or a container is placed on a boat or on a
train the actual iloado i s sti lotintlerdntinet.he | oad
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2.2.4 Other greenhouse gases

Vehicle-related climate policies have so far focussed mainly on Tank-to-Wheel CO, emissions. In
designing future regulatory instruments also other greenhouse gases may need to be taken into
account. The main issues are:

e nitrous oxide (N,O) and methane (CH,);

e black carbon;

e radiative forcing resulting from water (H,O) emissions from aircraft at high altitudes.

Nitrous oxide and methane

For assessing the GHG emissions in the Well-to-Tank energy chain of biofuels already the
emissions of N,O and CH, are taken into account. Emissions of N,O are strongly related to
fertiliser use in agriculture, while CH, emissions e.g. result from land-use change. In the
production of biomethane from manure the avoidance of direct methane emissions may on the
other hand even lead to net negative WTW emissions. Methane emissions are also relevant in
the energy chains for conventional fuels (oil, natural gas and coal). Problems with emissions from
N,O and CH, in the energy chain is that they are first of all different for different specific
production chains for each fuel, that they are distributed (i.e. not occurring in well-defined
locations such as exhaust pipes) and difficult to measure directly. In the Fuel Quality
Directive2009/30™ the issue is tackled by means of default values for various energy chains
based on state-of-the-art environmental assessments.

At the vehicle level emissions of CH, are especially relevant for vehicles running on natural gas.
Due to the higher GWP a small amount of methane leaving the exhaust may significantly
increase the overall GHG emissions of the vehicle. Methane emissions are in principle governed
and controlled by exhaust gas regulation. In passenger cars methane emissions fall under the
THC limit (total hydrocarbons). Assuming that all emitted hydrocarbons would be methane, the
Euro 5 and 6 THC limit of 100 mg/km translates into 2.5 g/lkm gCO,-equiv./km using the recent
GWP of 25 for methane. For HD engines the Euro V and VI legislation contains an explicit CH,
limit. The Euro VI limit value of 500 mg/kWh translates into 1.25 gCO,-equiv./kWh. This is fairly
insignificant compared to typical TTW CO, emissions of 650 g/kWh for a city bus engine on
natural gas.

Engine out N,O emissions from vehicles are generally small. Due to the high GWP of 298 a small
amount of N,O emissions, however, may still contribute significantly to total GHG emissions.
According to IPCC TTW emissions are typically 2 - 5 g/GJ depending on fuel type for road
vehicles and 0.08 g/kg fuel for ships. In [TNO 2003] a substantial measurement programme
showed that especially in Euro 1 and 2 petrol vehicles the use of catalytic convertors under urban
driving conditions could result in conversion of some of the NO, emissions into N,O, leading to
elevated N,O emission levels of between 5 and 40 mg/km (equivalent to 1.5 to 12 gCO,-
equiv.km). On rural roads and highways emissions were typically below 10 mg/km. In Euro 3
passenger cars on petrol emissions were much lower and for Euro 4 and beyond these were
expected to be reduced even further. In Euro | to 11l HD vehicles N,O emissions of below 10
mg/km were observed. For Euro IV and V these were expected to go up to around 40 mg/km.
This amount is not insignificant but in CO,-equivalents is a relatively smaller share of total TTW
GHG emissions for HD vehicles.

N,O emissions are not controlled by exhaust gas regulation. However, if levels remain at around
10 mg/km in case of passenger cars, regulation could become appropriate in view of the
increasing marginal costs of CO, reduction when the CO, limit is further tightened.

Black carbon

Black carbon refers to various types of strongly light-absorbing combustion particles, the
strongest of which is soot. The particles vary in size but generally they are much smaller than

* DIRECTIVE 2009/30/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 23 April 2009 amending Directive 98/70/EC as
regards the specification of petrol, diesel and gas-oil and introducing a mechanism to monitor and reduce greenhouse gas emissions and
amending Council Directive 1999/32/EC as regards the specification of fuel used by inland waterway vessels and repealing Directive
93/12/EEC, see: http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2009:140:0088:0113:EN:PDF
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PM, 5 and may not even get as large as PMg ;. Black carbon is always a component of particular
matter emitted from combustion sources, but the amount emitted will vary by the type of fuel
used, the combustion process, and the performance of any emission control technologies or
practices [ICCT 2009]. Black carbon absorbs visible light and converts it into infrared. It
contributes to global warming through a positive radiative forcing when airborne, but especially
when deposited on surfaces with a high albedo (snow and ice). IPCC ranks black carbon as the
third most important positive climate-forcing agent after carbon dioxide and methane.

Indirect radiative forcing impacts

The climate impact of aviation not only results from GHG emissions, but also from indirect effects
of non-GHG emissions and other effects such as contrails and increased formation of cirrus
clouds. [IPCC, 1999]. According to [IPCC 1999] the total radiative forcing (a measure for the
combined climate impact) in 1992 was 2.7 times higher than the direct radiative forcing of the
CO, emissions of aviation, with a range between 1.9 and 4.0.

Figure 5 CO; and non-COs related climate effects of aviation [Sausen, 2005]
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Recent calculations show that [IPCC 1999] may have overestimated the radiative forcing of non
GHG-effects. According to [Sausen 2005] in 2000 the total radiative forcing of aviation was about
2 times as high as radiative forcing from CO, emissions

To what extent these non-GHG impacts can be controlled with regulation is at present unclear,
but they should in any case not be overlooked in the context of GHG policy for the aviation sector.

2.3 CO; regulation in relation to other policy options

2.3.1 Regulation versus economic instruments

Regulation and economic instruments can be seen as alternative policy instruments, but may also
be seen as complementary measures, as will be explained in this section.

In general, economists tend to favour fiscal or other financial instruments over regulation on the
grounds that the former would be more cost effective [OECD 2008]. Ideally this may be true as
financial instruments (e.g. fuel tax or a cap & trade system) promote and award a wider range of
technical as well as behavioural responses to meet the target, and allow affected entities to look
for the most cost effective options for mitigating GHG emissions. Regulation tends to focus on
specific products or even specific technologies, so that less options are available to meet the
target. Regulation may thus lead to the application of technological options with high abatement
costs relative to other options inside and outside the transport sector.

12
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However, in many cases, including the case of EU policy to reduce GHG emissions from
transport, there are also a number of reasons for favouring regulation over financial instruments
or to opt for a combination of the two (see e.g. [OECD 2008]):

e Fiscal policy is difficult to establish in the European context. Member States cherish their
independence with respect to fiscal policy and EU proposals for tax measures require
unanimous decisions in the Council. Prevailing levels of fuel taxes currently fail to stimulate
the desired level of reduction in fuel consumption, and the political acceptability of increased
fuel tax is small in most Member States;

e Cap & trade systems for the transport sector are conceivable but more difficult to establish
than in other sectors. A top-down approach, where fuel producers are the targeted entity, has
the problem that fuel producers have limited influence on the efficiency of vehicles and can
only influence consumer behaviour through price increases. Consumer response is very
inelastic so that this approach may lead to very high and volatile costs of CO, credits. A
bottom-up approach, where individual consumers / drivers are the targeted entities, has as
main drawbacks the high number of entities, the difficulty of allocating permits and the high
transaction costs. Overall, for the short and medium term the political feasibility of a cap &
trade systems, or inclusion of transport in ETS, is considered limited,;

e In Europe the EU is responsible for many standards and regulations as EU-wide
harmonisation of such policies reduces trade barriers. CO, regulation for road vehicles and
other transport modes can thus be established by the European Commission within the
existing legislative and policy context;

¢ Regulation has proven to be an effective tool in other areas, especially in reducing noxious
emissions from road vehicles;

e Regulation provides investment security to the industry. Targets are set well in advance so
that the industry knows what it has to deliver;

¢ Regulation makes sure that efficient vehicles become available to consumers;

e Combining fuel / CO, taxes and fuel economy / CO, emission regulations may help to
overcome imperfections in the market for vehicles that are not satisfactorily dealt with by fuel
/ CO, taxes, and may help to bring the technological mitigation options to the market that
allow the various stakeholders to react effectively to increasing CO, prices under a cap &
trade system.

The nature of these market imperfections is not well researched, but they seem to be related to
the following issues (see e.g. [OECD 2008]):
e split incentives

0 These occur in energy conservation when different actors are involved in a process
of applying more efficient technology. Often one actor (generally the producer or the
owner, in the case of transport e.g. car manufacturer or lease company) has to bear
the costs while another actor (generally the user) reaps the benefits of applying more
energy efficient products. Especially in cases where the user is not fully aware of
possible benefits or is not valuing these in a rational manner (and as a consequence
is not expressing demand for the efficient product), it will be difficult for manufacturers
to invest in energy efficient technology without government incentives guaranteeing a
market;

e consumer "myopia" when it comes to valuing future fuel costs savings.

0 Consumers tend to underinvest in fuel economy, especially when improved fuel
economy implies a loss with respect to other attributes of the vehicle (e.g. engine
power);

¢ insufficient information at the point of purchase on the trade-off between more expensive
technology and lower fuel costs;

e frictions in markets for used cars;

e inappropriate incentives in company car markets;

0 incl. existing company car taxation and the taxation of benefits in kind which makes it
advantageous for firms to give company cars to their employees rather than paying
them more;

e uncertainty for manufacturers about the reactions of car buyers and competing manufacturers
to producing more efficient but more expensive vehicles.

13
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These frictions can justify interventions such as providing better information and regulating fuel
economy.

In relation to the above al so

the difference in be
fiprivated customers with respect

to purchase cost

The issue of split incentives may be alleviated but is not intrinsically solved by applying economic
instruments. Regulation may help to promote the development and application of energy efficient
technology and will as such make options available to actors that need to respond to the
incentives given by economic instruments.

The other way around economic / fiscal instruments and other flanking policies (e.g. labelling)
may help to create a market for fuel efficient vehicles which helps manufacturers to more easily
meet the targets set for them by CO, regulation.

For long term EU GHG policy for the transport sector CO, emission regulation is therefore an
important option whether in combination with other (financial) measures or not.

2.3.2 Relation with other instruments

Other important instruments for promoting the introduction of new, energy-efficient technologies
are e.g. subsidies or temporary tax incentives, CO, differentiation of existing taxes, CO, taxation
on fuels and communication and awareness measures such as labelling and information
campaigns.

It could be argued that such additional stimulation measures are no longer necessary when
manufacturers are legally obliged to meet a certain CO, target. However, especially in the case of
CO, emission regulation, this need not be true.

If we compare it with the case of exhaust gas legislation (Euro standards) we see a difference as
well as a similarity. The difference is that all new vehicles have to meet the same Euro limit
values so that consumers have no choice that can be influenced by other measures.
Nevertheless, before new limit values are in effect many Member States implement stimulation
programmes (incl. subsidies) to promote early uptake of next Euro-generation vehicles. This is
not only beneficial for the environment but may also assist manufacturers in creating an early
market providing first returns on investment and in which economies of scale can help to bring
costs down before new emission control technology is to be applied to all new vehicles.

In the case of CO, emissions manufacturers have to meet a sales averaged target. If a CO, value

is regulated, either per car or on average, then parallel instruments such as labelling and fiscal

measures will not lead to further CO, reductions beyond the target set by the regulation. They will

instead influence how easy or difficult it is for manufacturers to meet their targets. Whether or

how easily manufacturers meet their target in a given year is to a significant extent influenced by

the consumersdé willingness to bugspomerfulevehiclese!l ef f i ci
Subsidies, labelling and other flanking measures can certainly help consumers make the choice

for vehicles with lower CO, emissions and will thus help manufacturers to reach their targets. So

they should be seen as (very useful) flanking measures but they do not lead to further CO,

reductions on their own.

For labelling, CO, differentiation of taxes and for criteria defining eligibility for subsidies the
existence of sufficiently accurate and reliable information on vehicle CO, emissions is necessary.
This requires appropriate test procedures to deal with the different alternative technologies in a
consistent manner. Also such test procedures should preferably relate to real-world driving as
good as possible to make sure that subsidies and other incentives are spent on vehicles that
bring the desired improvements in practice rather than on paper. The issue wrt alternative metrics
for new energy carriers is also relevant to some of these other policy instruments.
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2.4 Alternative metrics: from tailpipe to a WTW
approach

Note: l‘ghe text below is an adapted and updated version of chapter 5 of [CE/TNO/Oko/AEA
2008]™.

In the presently proposed regulation for passenger cars (Regulation No 443/2009) tank-to-wheel
(TTW) CO, emissions as measured on the type approval test are used as a proxy for vehicle
efficiency. For petrol and diesel the well-to-tank (WTT) CO, emissions are of the same order or
magnitude, so that legislating TTW emissions is sufficient to achieve overall well-to-wheel (WTW)
reductions of CO,. Nevertheless already for these energy carriers the exclusion of WTT
emissions will have some negative impacts if CO, legislation or market trends would lead to
increased shares of diesel vehicles. Adjusting refinery outputs towards a higher diesel/petrol ratio
has already led to increased WTT energy consumption and GHG emissions over the last decade.

This proxy of regulating TTW emissions only becomes fully inadequate as soon as other energy
carriers come into play. If such alternative technologies are expected to have a significant share
of the market by or beyond 2020 it will be necessary to define a suitable metric that can be
applied to determine and regulate the CO, emission of cars that use other energy carriers than
conventional petrol and diesel. The lack of appropriate metric and test procedures could on the
one hand lead to overstimulation of vehicles on electricity or hydrogen, and may even present a
loophole in the legislation if technologies that, because of their low type approval CO, emission
figure, contribute to meeting the target under the CO, regulation would lead to increases in real-
world emissions. Under the present regulation this may be the case for vehicles on electricity and
hydrogen. On the other hand inconsistencies between the valuation of technologies under a CO,
regulation and their real-world WTW GHG emission impacts may also become an obstacle for
introduction of technologies that may effectively contribute to the target of CO, reduction in the
transport section but that do not obtain a low CO, figure on the type approval test. This may be
the case for dedicated vehicles running on biofuels. For a limited period of time such "flaws" of
the regulation may be used without much harm to create a pull for new technologies. Once
market shares become significant, however, a more generically balanced approach will be
necessary to create a stable market and level playing field in which technologies compete on the
basis of their real environmental performance.

In the extreme case of electric and fuel cell vehicles TTW CO, emissions as measured on the
type approval test are zero, and the WTW CO, emissions are fully determined by the WTT
production chains for electricity and hydrogen. For plug-in hybrids the same problem applies
albeit to a less extreme extent. It needs to be assessed to what extent this problem may be
resolved by the fact that CO, emissions from the production of electricity and hydrogen are
covered by the ETS. For this reason the present metric is maintained as one of the alternatives in
the discussion presented below. For dedicated vehicles on biofuels or other alternative carbon-
based fuels the situation may be more complex as these are often produced outside the EU.

But even in case the market in 2020 is still expected to be dominated by petrol and diesel
vehicles, one may need an adaptation of the metric to prevent the present metric to become an
obstacle for introduction of promising new technologies. The new metric should preferably be
technology neutral to create a level playing field for all possible alternative technologies. The new
metric should allow a clear distinction between the responsibilities of stakeholders, where car
manufacturers can in principle only be held responsible for developments in Tank-to-Wheel
emissions. Changes in metrics and associated targets need to give planning certainty to the car
manufacturers/industry.

Furthermore the new metric should be defined in such a way that a relative (i.e. n%) reduction of
the new vehicle fleet average value of this metric leads to a net reduction in WTW greenhouse
gases of the same order of magnitude.

!® See: http://ec.europa.eu/environment/air/transport/co2/pdf/impacts_reg_options.pdf
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Possible alternative metrics, including the existing one, are:

- tank-to-wheel (TTW) CO, emissions measured on the TA test in g/km;

- tank-to-wheel (TTW) energy consumption measured on the TA test in MJ/km;

- well-to-wheel (WTW) GHG emissions based on tank-to-wheel (TTW) energy consumption
and CO, emissions measured on the TA test in MJ/km resp. g/lkm and separately defined
well-to-tank (WTT) GHG emissions in gCO,-eq./MJ.

241 TTW CO, emissions

The present proposed legislation for cars is based on the tank-to-wheel CO, emissions as
measured on the type approval test. It ignores differences in well-to-tank emissions associated
with the production of the different fuels / energy carriers used in road vehicles. The main
alternatives to be considered are LPG, natural gas, biofuels, electricity and hydrogen.

For the case of electricity and hydrogen it can be argued that TTW CO, emissions are an
appropriate metric. For electricity and hydrogen produced in sufficiently large plants the CO,
emissions associated with the production process are covered by the European CO, emission
trading system ETS. ETS sets a cap to the overall CO, emissions from covered sectors. These
sectors include large scale electricity production and the fuels industry, so that also the
production of hydrogen within the EU would be subject to the ETS cap. This means that any
additional WTT CO, emissions resulting from the increased production of electricity and hydrogen
for use in the transport sector need to be compensated by CO, reductions in other sectors falling
under the ETS. In other words: the marginal CO, emissions from additional electricity of hydrogen
production are zero for production plants covered by ETS. As such it can be argued that electric
or hydrogen vehicles introduced into the transport sector can be considered as zero-emission
vehicles: their TTW emissions are zero while their WTT emissions are compensated by
reductions elsewhere. Assuming that electric and or hydrogen-powered vehicles are likely to
obtain a significant share in the 2020 sales of passenger cars, the use of a TTW based CO,
target thus allows the definition of much stricter target levels. A 10% market share of (zero-
emission) electric or hydrogen vehicles allows a 10% lower 2020 target compared to what is
feasible with petrol and diesel fuelled ICE vehicles alone.

It needs to be noted here, however, that the above reasoning is not entirely watertight. Electricity
may also be produced in small plants (e.g. combined heat & power), which are not covered by the
present ETS system. Similarly in the early years of market introduction hydrogen for fuel cell
vehicles may be produced in small-scale reformers at fuel stations rather than in large centralised
plants. The emissions of small hydrogen production facilities are also not covered by ETS.
Furthermore the cap of the ETS system is not absolute itself. Even under a fixed cap there may
be Acar boon. |Tehaek aignecr eased demand for electricity an
may drive up the CO, price under the ETS system, which may force energy-intensive industries
to move their production plants to locations outside the EU. Furthermore a strong increase of the
CO, price may at some point tempt governments to relax the ETS cap and to allocate additional
credits.

In principle WTT emissions for hydrogen and electricity used in transport will be covered under

Article 7a of the FQD (2009/30) whichstat es t hat A Member States shall di
suppliers responsible for monitoring and reporting life cycle greenhouse gas emissions per unit of

energy from fuel and energy supplied. In the case of providers of electricity for use in road

vehicles, Member States shall ensure that such providers may choose to become a contributor to

the reduction obligation laid down in paragraph 2 if they can demonstrate that they can

adequately measure and monitor el ecwithipaagraph2 suppl i e
stating that fAMember States shall require supplier
greenhouse gas emissions per unit of energy from fuel and energy supplied by up to 10 % by 31

December 2020, compared with the fuel baselnest andard referred to in para

reduction target is applied per energy carrier (and per supplier) this provision in the FQD does not
reduce the leverage resulting from the fact that TTW emissions of electric and fuel cell cars count
as zero under the vehicle CO, regulation as described above. This would only be the case if
trends in the average energy use per vehicle are properly matched with changes in the CO,
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emission per unit energy averaged over all energy carriers supplied to the transport sector.
Furthermore the provision that electricity supplied to vehicles would need to be measured is
something that can probably only be realised in the longer term with the aid of smart metering or
smart grid systems.

In fact it can be shown that under a TTW based CO, regulation an increase in the share of EVs
always leads to an increase in WTW emissions as long as the WTW emissions of EVs added to
the fleet are not zero. As explained above treating EVs as zero-emission vehicles under the
present regulation (based on type approval CO, emission values) creates a leverage which may
promote the use of EVs as means for meeting the target. If this happens their (fictitious) zero
emissions will be more than compensated by (real) higher emissions of conventional cars. Up to
2015 this is further amplified by the "supercredits” provision. For the short term such a leverage
may be acceptable as a way of promoting the market introduction of zero-emission vehicles
which may become a crucial part of long term sustainable transport system. In the long term,
however, such implicit promotion should be replaced by legislation that stimulates technologies
on the basis of their real contribution towards meeting the targets. The current system is an
invitation to cross-subsidise internally in the manufacturer's business, and leads to the unwanted
side effects as illustrated in Figure 6.
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Figure 6 Effect of increasing the share of EVs in new vehicle sales on overall CO, emissions

from passenger cars in case of a 130 gCOx/km target

Figure 6 is a back-of-the-envelope example which shows the impact of an increasing share of
EVs used to meet the 130 g/km target on average TA and WTW CO, emissions. Increasing the
share of EVs leads to higher average TA CO, emissions for the remaining share of ICEVs. For
this hypothetical example it is assumed that the WTW emissions of conventional vehicles are
110% of the TTW emissions and that the WTW emissions of EVs are 50% of those of a
comparable 130 g/km ICEV (roughly equivalent to WTT emissions from electricity production
equal to 500 g/kwh). In this example a 10% share of EVs leads to a 5% increase in average
WTW emissions from passenger cars (assuming equal annual mileage for all vehicles). Even if
the WTW emissions of EVs would be 90% lower than those of comparable ICEVs the average
WTW emissions from passenger cars would increase by 1%. This effect can only be avoided if
EVs use completely CO, neutral electricity.
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The example of Figure 6 makes clear that one may need to consider separate vehicle-based
targets for different technologies and that policy instruments may have to be designed that
promote the application of these technologies independent of the CO, regulation applied to
conventional cars. An alternative, discussed in section 2.4.2, would be the use of a TTW energy
consumption or efficiency target.

For biofuels the issue is even somewhat more complex. A significant share of the future biofuels
used in the EU, or the biomass from which they are produced, is likely to be produced outside the
EU, so that WTT CO, emission are not covered by any cap & trade system. And even for the
biofuels produced in the EU from feedstocks grown in the EU a large portion of the WTT CO,
emissions is not subject to ETS (e.g. CO, and N,O emissions from agriculture).

The same problem applies to natural gas and LPG imported from outside the EU, and to some
extent even to future developments in the production of petrol and diesel fuels. GHG emissions
associated with the use of natural gas tend to increase with longer transport distances. Focussing
the CO, legislation on TTW emissions thus ignores that in the future the WTT emissions of
natural gas will increase when it is imported from ever more distant locations. Similarly the
possible increase in the production of petrol and diesel from unconventional oil (e.g. Canadian tar
sands) will lead to an increase in the WTT emissions associated with the use of these
conventional fuels, which is ignored in a TTW-based CO, legislation.

In principle WTT emissions for biofuels and fossil fuels used in transport will be covered by the
Fuel Quality Directive 2009/30. To what extent the combined policies for vehicles and energy
carriers lead to the desired level of net GHG emission reduction remains to be established.

Overall it can be concluded that although a TTW-based CO, legislation for cars will not accurately
cover the trend in WTW GHG emissions associated with a change in the use of various fuels in
transport, it might still be an appropriate proxy depending on the nature of these trends. This
notion deserves some further elaboration.

2.4.2 TTW energy consumption

An obvious alternative would be to regulate vehicle efficiency in terms of MJ/km final energy
consumption, based on the energy content of the energy carriers used. This approach however
has a serious drawback. The end use energy consumption in terms of MJ/km of electric and fuel
cell vehicles is less than half that of vehicles on petrol and diesel. Depending on the WTT energy
chain the WTW GHG emissions associated with these technologies can be lower than those of
petrol and diesel vehicles, but can also be much higher. Increasing the share of electric and fuel
cell vehicles would thus create a large leverage for meeting a target defined in MJ/km, but would
give no guarantee for net reductions in WTW GHG emissions. As argued above in the discussion
of a TTW CO, based metric this might in the case of electricity and hydrogen not be as big a
problem as it seems.

This issue is illustrated in Figure 7, in which the impact of an increasing share EVs on the
average WTW emissions is shown for the case of a MJ/km target and two different assumptions
for the WTT emissions of electricity generation. In this example a TTW efficiency target of 1.78
MJ/km is assumed, which is equivalent to a 130 gCO,/km target for passenger cars on petrol and
diesel (45% - 55%). For EVs a TTW energy consumption of 150 Wh/km (= 0.54 MJ/km) is
assumed. The WTW emissions per kilometre for electric vehicles are calculated using a WTT
emission factor of 500 resp. 50 g/kWh. The WTW emissions of conventional vehicles are again
assumed to be 110% of the TTW emissions. In case of 500 g/kWh the average fleet emissions go
up with increasing the share of EVs, while they go down when the WTT emissions of electricity
are 50 g/kWh. In this calculation example the WTT emissions of electricity generation need to be
below 290 g/kWh in order to achieve net WTW GHG emission reductions from increased use of
electric vehicles. The current EU average CO, emission factor for electricity generation is around
440 g/kWh'®.

!® See: http:/lies.jrc.ec.europa.eu/uploads/media/WTT_Report_010307.pdf
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This drawback can thus in principle be overcome by simultaneously implementing vehicle
efficiency legislation in MJ/km and legislation aimed at reducing the GHG emissions in the energy
chain, with a target expressed in gCO,-eq./MJ. Achieving the desired overall WTW GHG
reductions then requires coordination of strategies by the automotive and the fuels and energy
industry. Imposing binding targets with respect to WTT emissions on the latter may however be
difficult. In the longer term these would need to be related to the average WTT emissions, based
on a sales-weighted averaging over all different energy carriers sold for application in transport. In
this context developments with the Directive on fuel quality17 should be monitored, notably the
carbon reporting and reduction mechanism introduced in the proposed revision of this Directive'®.
Possible difficulties relate to the following issues:
- Itis generally difficult to determine which share of the sold energy carriers is used by
passenger cars;
- Future energy carriers for transport may be produced by a wide variety of companies,
including companies that are traditionally not part of the fuels industry. This will certainly be
the case for electricity but possibly also for biofuels and hydrogen.
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Figure 7 Effect of increasing the share of EVs in new vehicle sales on overall WTW CO;
emissions from passenger cars in case of a 1.78 MJ/km TTW efficiency target
(equivalent to 130 gCO./km for vehicles on petrol/diesel)
2.4.3 WTW greenhouse gas emissions

An alternative option is to regulate WTW CO, or GHG emissions. As car manufacturers have no

influence over the WTT chains used to produce the energy carriers, the WTW GHG emissions

per km per manufacturer would have to be determined on the basis of:

- TTW CO, emissions (g/km) and energy consumption (MJ/km) as determined on the type
approval test;

- default / nominal values for the WTT GHG emissions (g/MJ) of the different energy carriers
(petrol / diesel / NG / LPG / various biofuels / electricity / hydrogen).

" Directive 98/70/EC
8 cCOM(2007)18
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Default WTT values can be based on EU averages for the actual production of the energy
carriers and could be periodically updated to reflect technical progress and changes in market
shares for different production chains. A transparent and agreed methodology would be required
for that. It is obvious that WTT emissions of different energy chains may differ from country to
country, but as the policy aims at CO, reduction at the EU level, EU sales-averaged values can
be used.

A first serious attempt at setting up the above sketched approach is included in the FQD and
RED (Directives 2009/28 and 2009/30). See also the discussion in chapter 5. Default values are
given for the WTT emissions of a large number of biofuel chains as of January 2008. Averages
for the different fuels (e.g. bioethanol, biodiesel) can be calculated for a given year if the sales of
fuels from different sources / chains are known. This could be part of a Monitoring Mechanism.
Default WTT GHG emission figures should also be regularly updated to incorporate changes in
production chains and new insights.

For natural gas, electricity and hydrogen default WTT GHG emission factors could be established
along similar lines™.

Figure 8 shows how various levels of future targets can be obtained with different combinations of
TTW vehicle efficiency improvement and changes in the WTW GHG emission of the energy
carrier used. The hyperbolas in the graph indicate lines of constant WTW GHG emission in g/km
for different levels of the WTW emissions. These levels are expressed as equivalents of a TTW
g/km target for ICEVs running on conventional petrol or diesel. The graph contains points that
correspond to the average 2006 ICEV with a TA CO, emission of 160 g/km, the 130 g/km target
for new ICEVs in 2015 and, as an example, a typical battery-electric vehicle (BEV) with am
electricity consumption of 200 Wh/km and CO, emissions for electricity generation of 500 g/kWh
(typical for the Netherlands). For conventional fuels a ratio between WTW and TTW GHG
emission of 1.15 is assumed.
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Figure 8 lllustration of how various levels of future targets can be obtained with different

combinations of TTW vehicle efficiency improvement and changes in the WTW GHG
emission of the energy carrier used

' The Commission is already consulting on how to establish the default values for fossil fuels. See:
http://ec.europa.eu/environment/air/transport/pdf/art7a.pdf
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