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Executive Summary

Introduction

Since reaching sustainable level of GHG reduction results in potentially high costs,
minimising these costs is important to keep the EU economy competitive and to maximise
welfare. In this respect the cost effectiveness of measures is a key criterion. In this paper we
present the empirical evidence on the cost effectiveness of GHG reduction measures and
policies as available in the literature. Particularly with respect to behavioural measures and
policy instruments the empirical evidence is scarce and for some of these measures and
instruments cost effectiveness is only discussed in a qualitative way.

Methodological framework

Studies assessing the cost effectiveness of policies and measures addressing the climate
impact of transport have yielded widely different results. An important reason for these
varying results are differences with respect to methodological issues, like perspective applied
(end-user or social perspective), the way direct expenditures are calculated (choice of
baseline scenario, discount rate, depreciation period, etc.) and whether or not broad welfare
impacts are taken into account. Due to these methodological differences between studies it
is hard to come up with general cost effectiveness figures for particular measures or policies.
However, by comparing different studies (and particularly the key methodological choices
and assumptions made in the various studies) we were able to establish the strength and
direction of evidence on cost effectiveness of some of the measures/policies. Additionally, for
some of the measures we were able to come up with best estimates of (ranges of) cost
effectiveness figures. For these best estimates we assumed a social perspective taking
broad welfare impacts into account.

Technical and behavioural measures

Based on a review of recent literature we provided some best estimates of the cost
effectiveness of technical measures for passenger cars and heavy good vehicles (HGVS). In
Table 1 the main results of this assessment are shown. The cost effectiveness figures refer
to packages of technical measures necessary to realise the chosen CO, reduction target
(see description of the measure).

With respect to passenger cars, the results show that significant CO, reduction could be
realised until 2020 with relatively low or even negative abatement costs. Although the
effectiveness of reduction measures is in general higher for petrol cars than for diesel cars,
the cost effectiveness figures show an opposite picture. The higher cost effectiveness of
technical measures for diesel cars could be explained by the higher number of lifetime
kilometres of diesel cars, as a consequence of which the amount of CO, emissions reduced
over the lifetime of a diesel car by installing a reduction measures is much higher than for
petrol cars. Sensitivity analyses show that the estimated cost effectiveness figures are very
sensitive to changes in the fuel price and discount rate assumed. For example, doubling the
fuel price assumed result in abatement costs for petrol carsof -0 4 0 p er i (insteade
of 0 50 per tonne).

Also for HGVs various technical measures with negative abatement costs are available for
the period until 2020. For example, the cost effectiveness of a package of reduction
measures for medium heavy HGVs (~12 tonne) resulting in ca. 16% lower CO, emissions is
ca. -5. For heavy duty HGVs (~40 tonne) even a larger CO, reduction could be realised at
negative abatement costs (see Table 1).

Restricted-Commercial Ref. AEA/ED56293/Task 8 Paper Draft Final i Issue No. 2 iii

CcoO



Cost effectiveness of policies and
options for decarbonising transport

EU Transport GHG: Routes to 2050?
Contract 070307/2010/579469/SER/C2

Finally, recent studies on the abatement potential of biofuels show that due to indirect land
use change (ILUC) effects most of the biofuels will result in a net increase of GHG
emissions. Therefore, it is not possible (and useful) to determine cost effectiveness figures

for biofuels.

Table 1 Best estimates of cost effectiveness figures of short term (2020) technical and behavioural GHG
reduction measures for passenger cars and HGVs

Measure

Cost elements
included

Methodological

assumptions

Cost

effectiveness
(G/t onani

Comments

Passenger cars
Technical Investment costs, Discount rate: 4% 50 The cost effectiveness figures are
measures petrol | fuel cost savings?® Oil price: $72/bbl estimated for the case in which the
cars: 25% CO; (2010), $88/bbl (2020), average CO, emission figure for
reduction $106/bbl (2030) passenger cars decrease from 130 g/km
Lifetime km: 142,600 in 2015 to 95 g/km in 2020. The reduction
Technical Investment costs, Discount rate: 4% -100 measures are more cost effective for
measures diesel | fuel cost savings® Oil price: $72/bbl diesel cars, since the absolute reduction
cars: 25% CO, (2010), $88/bbl (2020), potential over the lifetime is higher for
reduction $106/bbl (2030) diesel cars than for petrol cars (due to
Lifetime km: 287,800 higher number of lifetime kilometres).
Fuel efficient Cost of training, Discount rate: probably |-100 to -10 The range depends on various ways eco-
driving costs of 4% driving could be stimulated (e.g. driving
communication Oil price: varies courses for new drivers vs. training for
campaigns, costs existing drivers) and different fuel prices.
for in-car devices, Benefits due to reduced external effects
fuel savings are not taken into account. However,
these effects are expected to be small.
Medium duty HGV
Technical Investment costs, Discount rate: 4% -40 The cost effectiveness figures are based
measures: 9% fuel cost savings® Oil price: $72/bbl on a exemplary stacking of various CO,
CO; reduction (2010), $88/hbl (2020), emission reduction technologies. To
$106/bbl (2030) realize 9% CO, reduction, a hybridisation
Lifetime km: 315,000 start-stop system and variable pumps are
Technical Investment costs, Discount rate: 4% -5 assumed. Automated transmission is
measures : 16% | fuel cost savings® Oil price: $72/bbl added to realize 16% CO, reduction.
(2010), $88/bbl (2020),
$106/bbl (2030)
Lifetime km: 315,000
Heavy duty HGV
Technical Investment costs, Discount rate: 4% - 150 The cost effectiveness figures are based
measures : 20% | fuel cost savings® Oil price: $72/bbl on a exemplary stacking of various CO,
CO; reduction (2010), $88/bbl (2020), emission reduction technologies. To
$106/bbl (2030) realize 20% CO, reduction, variable
Lifetime km: 517,000 pumps + automated transmissions +
Technical Investment costs, Discount rate: 4% 5 aerodynamic fairings are assumed.
measures: 40% | fuel cost savings® Oil price: $72/bbl Diesel engine options and full
CO, reduction (2010), $88/bbl (2020), hybridisation are added to realize 16%
$106/bbl (2030) CO, reduction.
Lifetime km: 517,000

a Changes in external costs are not taken into account, but are expected to be small

Next to technical CO, reduction options also the cost effectiveness of some behavioural
reduction measures are assessed. Only for fuel efficient driving quantitative cost

effectiveness figures were available from the literature: -0 1 00-01 6 per j(se@ene CO

Table 1). Based on a qualitative assessment positive cost effectiveness figures are expected

for the purchase of electric/plug-in hybrid cars and smaller cars, while for teleworking

negative abatement costs are expected. For the b
6applying virtual meetingsdé it was not possible

effectiveness.

Policy instruments

The empirical evidence on the cost effectiveness of policy instruments is rather limited.
Moreover, the figures available depends heavily on the design of the instrument and the
national/local context and hence figures could not be transferred to a more aggregate,
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European level. Therefore, the quantitative results i as presented in the table below 1 should
be considered as illustrative figures. Without further study, these figures could not be applied

in other cas

Table 2

Measure Source Cost elements
included

es.

Best estimates of cost effectiveness figures of various policy instruments for specific cases

Methodological

assumptions

Cost
effectiveness

(a/t onyfe

Comments

for commuter
and business
travel

Vehicle EC (2007a) Consumer surplus, | Discount rate: 4% Range depends on design of
standards: 130 | EC (2007b) producer surplus, Oil price: varies standards.
g/km marginal cost of between $ 50/bbl

public funding and | and $ 75/bbl

external costs
Fuel taxes CE (2010b) Consumer surplus, | Discount rate: 4% | -592 to -150 Range depends on differences in

MNP (2007)b external costs Qil price: ca. estimated benefits due to lower
$65/bbl congestion and air pollution levels.

Road user CE (2010b) Consumer surplus, | Discount rate: 4% | -99 to -38 Range depends heavily on design
charges for external costs, Oil price: $65/bbl of the scheme and local
passenger cars investment and characteristics.

operational costs

scheme
Lowering speed | CE (2010b) Consumer surplus, | Discount rate: 4% | 250 Range depends heavily on local
limits external costs, Qil price: $65/bbl characteristics and initial situation.
motorways: 120 infrastructure costs, Some other studies suggest
km/h A 100 (without providing actual cost
km/h effectiveness figures) that specific
Lowering speed | CE (2010b) Consumer surplus, | Discount rate: 4% | 420 reductions of speed limits could be
limits external costs, Oil price: $65/bbl cost effective in some cases.
motorway: 120 infrastructure costs
km/h A 100
km/h and 100
km/h A 80
km/h
Reduction of CE (2010b) Consumer surplus, | Discount rate: 4% | -84 to -338 Range depends on the extent
tax-free change in travel Oil price: $65/bbl employers provide a taxable
compensation cost, external costs compensation for commuter and

business travel to employees.

@ All cost effectiveness figures presented in this table are best estimates from a social perspective.

® Also AGCP (2011) present cost effectiveness figures of fuel tax increases for some European countries. However, in contrast
to CE (2010b) and MNP (2007) no reduction in other external costs are taken into account in this study. The results of this study
are not comparable to the figures presented by CE (2010b) and MNP (2007) and are therefore not included in this table.

From Table 2 it becomes clear that several of the policy instruments could be implemented
in a cost effective way. However, as mentioned before, the cost effectiveness depends
heavily on the design of the instruments and national/local characteristics. For example,

European

Commi

S Si

on

(2007bh)

present

cost

per tonne CO, for three variants of vehicle standards. An example of the dependency of cost
effectiveness figures on the national context is shown by AGPC (2011) which shows that a
fuel tax is more cost effective in European countries (i.e. UK and Germany) than in, for
example, the US. According to the authors this could probably be explained by the fact that
the initial fuel prices in the European countries were higher than in the US, suggesting that
the marginal costs of reducing emissions become higher as more emissions are abated.
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Glossary®

BAU
BEV

Biofuels

Biogas

Biomethane

CNG

CO,
CO.e

DG TREN

Diesel

EEA

EV

FCEV

GHGs

HEV
ICE
Kerosene

Lifecycle
emissions

Business as usual, i.e. the projected baseline of a trend assuming that
there are no interventions to influence the trend.

Battery electric vehicle, also referred to as a pure electric vehicle, or
simply a pure EV.

A range of liquid and gaseous fuels that can be used in transport, which
are produced from biomass. These can be blended with conventional
fossil fuels or potentially used instead of such fuels.

A gaseous biofuel predominantly containing methane which can be used
with or instead of conventional natural gas. Biogas used in transport is
also referred to as biomethane to distinguish it from lower
grade/unpurified biogas (e.g. from landfill) containing high proportions of
CO..

Biomethane is the term often used to refer to/distinguish biogas used in
transport from lower grade/unpurified biogas (e.g. from landfill) used for
heat or electricity generation. Biomethane is typically purified from
regular biogas to remove most of the COs,.

Compressed Natural Gas. Natural gas can be compressed for use as a
transport fuel (typically at 200bar pressure).

Carbon dioxide, the principal GHG emitted by transport.

Carbon dioxide equivalent. There are a range of GHGs whose relative
strength is compared in terms of their equivalent impact to one tonne of
CO.,. When the total of a range of GHGs is presented, this is done in
terms of CO, equivalent or COe.

European Commi s s iGeneral®n Toanspaet ard &nergyt e
This DG was split in 2009 into DG Mobility and Transport (DG MOVE)
and DG Energy.

The most common fossil fuel, which is used in various forms in a range of

transport vehicles, e.g. heavy duty road vehicles, inland waterway and
maritime vessels, as well as some trains.

European Environment Agency.

Electric vehicle. A vehicle powered solely by electricity stored in on-board
batteries, which are charged from the electricity grid.

Fuel cell electric vehicle. A vehicle powered by a fuel cell, which uses
hydrogen as an energy carrier.

Greenhouse gases. Pollutant emissions from transport and other
sources, which contribute to the greenhouse gas effect and climate
change. GHG emissions from transport are largely CO..

Hybrid electric vehicle. A vehicle powered by both a conventional engine
and an electric battery, which is charged when the engine is used.
Internal combustion engine, as used in conventional vehicles powered by
petrol, diesel, LPG and CNG.

The principal fossil fuel used by aviation, also referred to as jet fuel or
aviation turbine fuel in this context.

In relation to fuels, these are the total emissions generated in all of the
various stages of the lifecycle of the fuel, including extraction, production,

! Terms highlighted in bold have a separate entry.
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LNG
LPG

MtCOze
Natural gas

NGV
NO
Options

Petrol

PHEV

PM

Policy
instrument

TTW emissions

WTT emissions

WTW emissions

distribution and combustion. Also known as WTW emissions.

Liquefied Natural Gas. Natural gas can be liquefied for use as a
transport fuel.

Liguefied Petroleum Gas. A gaseous fuel, which is used in liquefied form
as a transport fuel.

Million tonnes of CO.e.

A gaseous fossil fuel, largely consisting of methane, which is used at low
levels as a transport fuel in the EU.

Natural Gas Vehicle. Vehicles using natural gas as a fuel, including in its
compressed and liquefied forms.

Oxides of nitrogen. These emissions are one of the principal pollutants
generated from the burning of fossil and biofuels in transport vehicles.

These deliver GHG emissions reductions in transport and can be
technical or non-technical.

Also known as gasoline and motor spirit. The principal fossil fuel used in
light duty transport vehicles, such as cars and vans. This fuel is similar to
aviation spirit also used in some light aircraft in civil aviation.

Plug-in hybrid electric vehicle, also known as extended range electric
vehicle (ER-EV). Venhicles that are powered by both a conventional
engine and an electric battery, which can be charged from the electricity
grid. The battery is larger than that in an HEV, but smaller than that in an
EV.

Particulate matter. These emissions are one of the principal pollutants
generated from the burning of fossil and biofuels in transport vehicles.
These may be implemented to promote the application of the options for
reduci ng GHGemsgans.t 6 s

Tank to wheel emissions, also referred to as direct or tailpipe emissions.

The emissions generated from the use of the fuel in the vehicle, i.e. in its
combustion stage.

Well to tank emissions, also referred to as fuel cycle emissions. The total
emissions generated in the various stages of the lifecycle of the fuel prior
to combustion, i.e. from extraction, production and distribution.

Well to wheel emissions. Also known as lifecycle emissions.
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1 Introduction

1.1 Topic of this paper

This paper is one of a series of reports drafted under the EU Transport GHG: Routes to
2050 Il project. This paper focuses on the cost effectiveness of both GHG reduction
measures (both technical and behavioural ones) and policies. The scope of this paper has
been limited to road transport because road transport is responsible for the largest share of
GHG emissions in transport and has the best data availability on reduction options and
policies. The discussion on cost effectiveness is based on a thorough review of the literature.
For measures and options for which no quantitative figures are available, cost effectiveness
are discussed in a qualitative way. Additionally, for the long term (up to 2050) only qualitative
assessments of the cost effectiveness of GHG measures and policies are presented, since
no reliable estimates of cost effectiveness figures are available for the long term (due to all
kind of uncertainties, e.g. oil price developments).

This paper has been presented in draft form to a Focus Group meeting in November 2011.
Comments and evidence received during the meeting has been included in this version of
the paper.

1.2 The contribution of transport to GHG emissions

Transport is responsible for around a quarter of EU greenhouse gas emissions making it the
second biggest greenhouse gas emitting sector after energy (see Figure 1.1). Road transport
accounts for more than two-thirds of EU transport-related greenhouse gas emissions and
over one-fifth of the EU's total emissions of carbon dioxide (CO,), the main greenhouse gas.
However, there are also significant emissions from the aviation and maritime sectors and
these sectors are experiencing the fastest growth in emissions, meaning that policies to
reduce greenhouse gas emissions are required for a range of transport modes?.

Figure 1.1: EU27 greenhouse gas emissions by sector and mode of transport, 2009

2009 3.5%

Transport,
24.2%

28.8%
EManufacturing and Construction — Energy H Industrial Processes
Residential B Commercial H Agricultrural
mOther B Road transport Domestic navigation
H|nternational maritime Domestic aviation H International aviation
Rail transport Other transport

2 EC DG Climate Action (2010): http://ec.europa.eu/clima/policies/transport/index_en.htm
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Source: EEA (2012)°
Notes: International aviation and maritime shipping only include emissions from bunker fuels

While greenhouse gas emissions from other sectors are generally falling, decreasing 24%
between 1990 and 2009, those from transport have increased by 29% in the same period.
This increase has happened despite improved vehicle efficiency because the amount of
personal and freight transport has increased. The exception for this general upward trend in
emissions is the 5% decrease in overall transport emissions between 2007 (where they
peaked) and 2009. This decrease is generally viewed as being primarily a result of the
impacts of the global recession, and indications are that emissions began to rise again in
2010 as the European economy recovered somewhat.

The European Commission (EC) has over the past year embarked on a number of
programmes as part of the Europe 2020 Strategy, including the launch of Roadmap for
moving to a competitive low carbon economy in 2050* (EC, 2011ai further referred as 2050
Roadmap) and Roadmap to a Single European Transport Area i Towards a competitive and
resource efficient transport system (EC 2011b i further referred as Transport White Paper) i
both published in March 2011.

The 2050 Roadmap is a strategy that seeks to define the most cost- effective ways to reduce
GHG emissions based on the outcome from maodelling to meet the long-term target of
reducing overall emissions by 80% domestically. The Roadmap considers the pathways for
each of the sectors, identifying the magnitude of reductions required in each sector in 2030
and 2050 (shown as ranges) in a variety of scenarios ranging from under global co-operation
on climate action to fragmented action. For the transport sector (which includes CO, from
aviation but excludes CO, from marine shipping), the targets for 2030 are between +20%
and -9%, and the 2050 targets are -54% to -67%. The Roadmap anticipates that the
transport sector targets could be achieved through a combination of fuel efficiency,
electrification and consideration of transport prices. These are explored further in the White
Paper on Transport on the basis of the Effective Technology scenario (with low fossil fuel
prices) of the Roadmap which shows a -61% reduction for the transport sector.

The Transport White Paper’pr esent s t he European Commi Ssi

EU transport system and defines a policy agenda for the next decade to begin to move
towards a 60% reduction in CO, emissions and comparable reduction in oil dependency by
2050. As part of this it defines ten aspirational goals as indicators for policy action. These
goals can be categorised as developing and deploying hew and sustainable fuels and
propulsion systems; optimising the performance of multimodal logistic chains, including by
making greater use of more energy efficient modes; and increasing the efficiency of transport
and of infrastructure use with information systems and market-based incentives. Key goals
are presented below.

Box 1.1: Goals from the 2011 Transport White Paper

EC Transport White Paper Goals (2011)

Hal ve the wuse offueddcermdwenctairosnaild yur ban t
out in cities by 2050; achieve essentially CO,-free city logistics in major urban centres

by 2030.

Low-carbon sustainable fuels in aviation to reach 40% by 2050; also by 2050 reduce EU
CO, emissions from maritime bunker fuels by 40% (if feasible 50%).

30% of road freight over 300 km should shift to other modes such as rail or waterborne

° Based on historic datafromt he EEA®s GH Gdowdoaded fromn EEAe s , we bs i t:attp:ivonv.@eh eutopa.eu/data-and-
maps/data/data-viewers/greenhouse-gases-viewer

‘“EC (2011a) A Roadmap for moving to a competitive low carbon economy in 2050, COM(2011) 112 final, European Commission. Brussels.
Available at: http://ec.europa.eu/clima/policies/roadmap/documentation_en.htm

*EC (2011b) Roadmap to a Single European Transport Area i Towards a competitive and resource efficient transport system, COM(2011) 144
final, European Commission, Brussels. Available at: http://ec.europa.eu/transport/strategies/2011 white paper en.htm
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EC Transport White Paper Goals (2011)

transport by 2030, and more than 50% by 2050, facilitated by efficient and green freight
corridors. To meet this goal will also require appropriate infrastructure to be developed.
By 2050, complete a European high-speed rail network. Triple the length of the existing
high-speed rail network by 2030 and maintain a dense railway network in all Member
States. By 2050 the majority of medium-distance passenger transport should go by rail.
A fully functional and EU-wide multimodal TEN-T &écor e net wor ko6
guality and capacity network by 2050 and a corresponding set of information services.
By 2050, connect all core network airports to the rail network, preferably high-speed;
ensure that all core seaports are sufficiently connected to the rail freight and, where
possible, inland waterway system.

Deployment of the modernised air traffic management infrastructure (SESAR) in Europe
by 2020 and completion of the European Common Aviation Area. Deployment of
equivalent land and waterborne transport management systems (ERTMS, ITS, SSN and
LRIT, RIS). Deployment of the European Global Navigation Satellite System (Galileo).
By 2020, establish the framework for a European multimodal transport information,
management and payment system.

By 2050, move close to zero fatalities in road transport. In line with this goal, the EU
aims at halving road casualties by 2020. Make sure that the EU is a world leader in
safety and security of transport in all modes of transport.

Move toward s f ul | application of Auser payso
sector engagement to eliminate distortions, including harmful subsidies, generate
revenues and ensure financing for future transport investments.

The Transport White Paper goals are underpinned by 40 concrete initiatives, and the various
actions and measures introduced within the Paper will be elaborated on over this decade
through the preparation of appropriate legislative proposals with key initiatives to be put in
place. The actions aim to increase the competitiveness of transport while contributing to
delivering the 60% reduction in GHG emissions from transport required by 2050, using the
ten goal/targets as benchmarks.

Both the 2050 Roadmap and Transport White Paper set the context within which this EU
Transport GHG: Routes to 2050 Il project has been undertaken, although this work was
commissioned prior to their completion.

The increasing political importance that is being attached to decarbonising transport reflects
the fact that, of al | t he madethedeas) @ogress i teimsof s
reducing its GHG emissions, despite significant potential at low cost. As mentioned earlier,
since 1990, GHG emissions from transport, of which 98% are carbon dioxide (CO,), had the
highest increase in percentage terms of all energy related sectors® (even without non-CO,
impacts of aviation being included).

Figure 1.2 shows the updated baseline based on PRIMES-TREMOVE, as implemented in
SULTAN. This is consistent with the range of results from other models and tools, although

many of these only project to 2030. The previous baseline based on TREMOVE (total

combined GHG emissions, 2010) is also indicated in the figure (showing WTW/fuel lifecycle
emissions). Whereas the 2010 baseline anticipated continued growth inthe EU-2 76 s GHG
emissions from transport, the updated baseline sees a decline in GHG emissions over the

period to 2050. This is mainly due to a range of existing and planned policies being included

in the new baseline, including the 2020 regulatory targets CO, emissions for passenger cars

and vans, the IMO Energy Efficiency Design Index (EEDI) based improvement targets for

°DG TREN (2000) Energy and transport in figures 2008-2009

" See Appendix 19 SULTAN: Development of an lllustrative Scenarios Tool for Assessing Potential Impacts of Measures on EU transport GHG for
details of the assumptions used and approach taken in the SULTAN lllustrative Scenarios Tool to projecting business as usual GHG emissions;
also see http://www.eutransportghg2050.eu
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maritime shipping and estimated impacts of including aviation in the EU ETS. Another factor

is that it also includes impacts of the recession on transport sector GHG emissions, which

affects mainly the 2010 starting point but also has some roll-on effects. Even a decrease in

the order projected in Figure 1.2 for the updated baselinewo ul d | eav eWTWr(faeh s por
lifecycle) GHG emissions 17% hi gher in 2050 than they were i
emissions were nearly 1,200 MtCO.e). This is a decline of 22% on 2010 GHG levels (which

were around 32% above those in 1990).

t 6
n

Large increases in emissions between 2010 and 2050 are projected for aviation and

maritime without additional policy instruments (by 42% and 22% respectively, even after

recent policy developments). Under the previous baseline scenario, road freight volume was

projected to increase significantly, however, due to significantly reduced levels of demand

growth in the new PRIMES Reference Scenario (and some additional modal shift), it is now

projected to have slightly decreased by 2050. Whilst GHG emissions from cars are still

projected to contribute the most to the sectords
their emissions are projected to have declined significantly from 2010 levels, due to the

impacts of the 2020 regulatory CO, targets.

Figure1.2: Business as usual pr oj e c tifecgclefsH®G @ntislsions by mtodeansport 6s

Total Combined (life cycle) GHG emissions, BAU-a

2,200

mm FreightRall
- / m= MaritimeShipping

® -
8 1,800 InlandShipping
= / HeavyTruck
= 1,600
%) MedTruck
c
o
9, 1,400 Van
'g 1,200 - mmm \WalkCycle
) = \otorcycle
© 1,000 1 .
o PassengerRail
é 800 ¥ B Int/Aviation
§ 600 mmm EUAviation
o Bus
E 400
O . Car

200 O Total WP Targets

0 == SULTAN 2010 BAU
2010 2015 2020 2025 2030 2035 2040 2045 2050

Source: SULTAN lllustrative Scenarios Tool, updated for the EU Transport GHG: Routes to 2050 Il project

Notes: Maritime shipping include estimates for the full emissions resulting from journeys to EU countries,
rather than current international reporting which only include emissions from bunker fuels supplied at a
country level (which are lower by around 18%). Previous SULTAN 2010 BAU included also
international aviation on a similar basis. The new baseline has been developed to be consistent with
the latest EC modelling reference scenarios and includes (a) the impact of the recession, (b) aviation
based on bunkers, (c) includes additional policies and measures that were not in the previous baseline,
including the 2020 Car CO, regulatory targets, the new Energy Efficiency Design Index (EEDI) targets
for maritime shipping, and the estimated impacts of including aviation in the EU ETS.
The 6Total WP Targetsd6 figure indicated includes both
by 2050, as well as the targets for the rest of transport in 2030 and 2050.

Despite the overall projected reduction in transport sector GHG emissions to 2050, this
decline is not enough. If no action is taken to reduce these emissions, the EU will not meet
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the long-term GHG emission reduction targets that the European Council supports in 2030
and 2050.

Figure 1.3 demonstrates that on current trends, transport emissions could reach levels

around 20% of economy-wide 1990 GHG emissions by 20508 if unchecked. This would also

be equivalent to the budget total EU-wide GHG emissions for an 80% reduction target across

all sectors. The figure also illustrates the 2050 Roadmap and White Paper targets for

transport (54% to 67% reduction and 60% reduction in emissions compared to 1990 levels
respectively for transport excluding maritime shipping, and the 40% GHG reduction goal for
maritime transport from the White Paper). Whilst simplistic, in that it assumes linear

reductions, the figure demonstrates that there is clearly a need for additional policy

instruments to stimulate the take up of technical and non-technical options that could
potentially reduce transportdés GHG emissions.

Figure 1.3: EU overall emissions trajectories against transport emissions (indexed)
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Source: EEA (2012)9 and SULTAN lllustrative Scenarios Tool*

8 The emissions included in this figure i for both the economy-wide emissions and those of the transport sector i include emissions from

international aviation and maritime transport, in addition to emissions frol
9 Based on historic datafromt he EEA®s GH Gdooaded from EEAS s , we bs i t:éattp1vonv.@eh eutopa.eu/data-and-
maps/data/data-viewers/greenhouse-gases-viewer
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10 Projections based on data from the SULTAN lllustrative Scenarios Tool (BAU-a scenario) and historic data from DG MOVE (2011) EU energy
and transport in figures Statistical Pocketbook 2011 Luxembourg, Publications Office of the European Union, 2010.

Restricted-Commercial Ref. AEA/ED56293/Task 8 Paper Draft Final i Issue No. 2



1.3 Background to the project and its objectives

EU Transport GHG: Routes to 2050 Il is a 15-month project funded by the European
Commission's DG Climate Action and started in January 2011. The context of the project is
still the Commission's long-term objective for tackling climate change. The scope of the first
project was very ambitious, and the outputs from the project were very detailed and have
already proved to be of great value to the European Commission and to industry,
governmental and NGO stakeholders. However, there were a number of topic areas where it
was not possible within the time and resources available for the team to carry out completely
comprehensive research and analysis. In particular, as the project evolved, both the team
and the Commission Services became aware that there were a number of themes and topic
areas that would benefit from further, more detailed research. This new project is a direct
follow-on piece of analysis to the previous EU Transport GHG: Routes to 20507? project,
building on the investigations and analysis carried out for that project and complementing
other work carried out for the Transport White Paper. In particular, the outputs from this new
project should be useful to the Commission in prioritising and developing the key future
policy measures that will be critical in ensuring that GHG emissions from the transport sector
can be reduced significantly in future years.

Therefore, the key objectives of the EU Transport GHG: Routes to 2050 Il have been defined
as to build on the work carried out in the previous project to:

- Develop an enhanced understanding of the wider potential impacts of transport GHG
reduction policies, as well as their possible significance in a critical path to GHG
reductions to 2050.

- Further develop the SULTAN illustrative scenarios tool to enhance its usefulness as a
policy scoping tool and carry out further scenario analysis in support of the new project;

- Use the new information in the evaluation of a series of alternative pathways to transport
GHG reduction for 2050, in the context of the 54-67% reduction target for transport from
the European Commission's Roadmap for moving to a competitive low carbon economy
in 2050™;

As before, given the timescales being considered, the project has taken a quantitative
approach to the analysis where possible, and a qualitative approach where this has not been
feasible. The project has been structured against a number tasks, which are as follows:

e Task 1: Development of a better understanding of the scale of co-benefits associated
with transport sector GHG reduction policies;

e Task 2: The role of GHG emissions from infrastructure construction, vehicle
manufacturing, and ELVs in overall transport sector emissions;

e Task 3: Exploration of the knock-on consequences of relevant potential policies;
e Task 4: Exploration of the potential for less transport-intensive paths to societal goals;

e Task 5: Identification of the major risks/uncertainties associated with the achievability of
the policies and measures considered in the illustrative scenarios;

e Task 6: Further development of the SULTAN tool and illustrative scenarios;

e Task 7: Exploration of the interaction between the policies that can be put in place prior
to 2020 and those achievable later in the time period,;

1 communication from the Commission to the European Parliament, the Council, the European Economic and Social Committee and the
Committee of the Regions, A Roadmap for moving to a competitive low carbon economy in 2050, COM(2011) 112 final. Available from DG
Climate Actions website at:

http://ec.europa.eu/clima/policies/roadmap/index_en.htm
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e Task 8: Development of a better understanding of the cost effectiveness of different
policies and policy packages;

e Task 9: Stakeholder engagement: organisation of technical level meetings for experts
and stakeholders;

e Task 10: Hosting the existing project website and its content;

e Task 11: Ad-hoc work requests to cover work beyond that covered in the rest of the work
plan.

As in the previous project, stakeholder engagement has been an important element of the
project. The following meetings have been held:

e A large stakeholder meeting was held in on 29" June 2011, at which this project was
introduced to stakeholders, along with the presentation of interim results.

e A series of four Technical Focus Group meetings. The first two were held on 4" May
2011and the second two were held on 28" November 2011.

e A second large stakeholder meeting at which the draft final findings of the project were
presented and discussed, was held on 23" February 2012,

As part of the project a number of papers have been produced, all of which have been made

available on the projecto6s wehbhve albfehe presenthtiossf t

from the projectds meetings.

1.4 Background and purpose of the paper

In developing climate policy, the cost effectiveness of measures is a key criterion. Since
reaching sustainable levels of GHG reduction results in potentially high costs, minimising
these costs is important to keep the EU economy competitive and to maximise welfare.

The key objective of this task is to gather evidence on the cost effectiveness of both GHG
reduction measures (both technical and behavioural ones) and policies. Ideally a full set of
cost effectiveness figures for the whole range of reduction options and policy options would
be developed. However, within the scope of this task and given the lack of reliable and
comparable data, this is not feasible. Especially with regard to behavioural reduction options
and policy instruments the literature does provide less evidence on their cost effectiveness.
For many of these options and instruments we therefore discuss the cost effectiveness in a
gualitative way instead of presenting quantitative figures. Additionally, for all reduction
options and policy instruments it holds that long term solid estimates for cost effectiveness
figures are difficult to develop due to all kind of uncertainties (e.g. oil price developments).
Due to these uncertainties no reliable estimates of cost effectiveness figures are available for
the long term. Therefore, we only provide quantitative results for the period to 2030. With
regard to cost effectiveness figures for the longer term (2050) a qualitative assessment is
applied.

The scope of this paper has been limited to road transport because road transport is
responsible for the largest share of GHG emissions in transport and has the best data
availability on reduction options and policies.

In the previous project, a paper has been developed on the methodologies for assessing cost
effectiveness (Davidson and Van Essen, 2009). One of the main conclusions from this paper
was that the results from cost effectiveness assessment depend heavily on the
methodologies used and departure points taken. Therefore the cost effectiveness figures
from various studies are often difficult to compare (Anable and Bristow, 2007). However, by
critically assessing the methodologies and assumptions used by the various studies, we try
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to explain the similarities and differences between the cost effectiveness figures presented
by them. This may help to establish the strength of evidence on the signh and value of cost
effectiveness figures for particular measures and policy instruments.

1.5 Structure of the paper

In the remainder of this paper we first briefly present the methodological framework for the
assessment of cost effectiveness figures of GHG reduction measures and policies (chapter
2). In chapter 3 to 5 we discuss the evidence on cost effectiveness of technical and
behavioural GHG reduction measures for road transport as well as GHG reduction policies.
Finally, we present the conclusions of this paper in chapter 6.
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2 Methodological framework

Objectives:
The purpose of this sub-task was to:

e Develop a methodological framework for the assessment of cost effectiveness
figures on GHG reduction measures and policies.

Summary of Main Findings

= Differences in methodological assumptions between studies (e.g. differences in
perspectives, differences in the way direct expenditures are calculated, differences in
including broad welfare impacts, etc.) result in widely different results with respect to the
cost effectiveness of GHG reduction measures or policies.

= Due to these large methodological differences between studies it is hard to come up with
general cost effectiveness figures for particular measures or policies based on a
comparison of different studies. However, comparing different studies may help to
establish the strength and direction of evidence on particular measures/policies, which
may result in best estimates of ranges in cost effectiveness figures for some of the
measures.

2.1 Introduction

In this chapter we present the methodological framework for this paper. First, we will briefly
discuss the concept of cost effectiveness, mainly based on the paper on methodological
issues concerning cost effectiveness as provided during the previous project (Davidson and
Van Essen, 2009). Next to a discussion on the definition of cost effectiveness also some
methodological issues affecting the size (and sign) of cost effectiveness figures are
discussed. Finally, we will discuss the scope applied in this paper.

2.2 Defining cost effectiveness

The cost effectiveness of greenhouse gas abatement options is defined as the costs of an

option divided by its greenhouse gas abatement p
ton of C (carbon) or CO, equivalents abated. For example, if an option abates 100 tonnes

CO,and costs 0 1,000 its coBReCO£Cobtestimatestgpicadlys s i s U
include items as capital costs, operating and maintenance costs, and costs or benefits due to

changes in fuel use. However, other items may be included as well, such as regulatory costs

and the welfare costs related to changes in behaviour.

Two general approaches to calculate cost effectiveness figures are used. The first approach
calculates cost effectiveness based on the CO, emission reduction and accompanying
costs/benefits for a specific year (e.g. Blok, 2001; AEA, 2001; INFRAS, 2006). Therefore, the
following formula is applied:

12"+ ogm T Ouelcosts| S€CONdary benefits
(1) Cost effectiveness = e
: annual CO, emission abatement

|an

In the formula 17" is the annuity of the total investment costs I:
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|an_|*(1+f)'*F
(1+r) -1

where | is the lifetime of the option, r the discount rate (generally 4% for calculating social
costs) and | the total investment.

Qrem! €epresents the additional annual Qe ati ng an
annual savings on fuel costs. The formula also includes monetised secondary benefits (e.g.
cuts in air pollutant emissions through use of more efficient technology).

Another approach is to calculate the cost effectiveness based on total costs and benefits
instead of annual costs and benefits (see e.g. TNO, 2006). In that case the following formula
IS used:

I'T NPV (Qtetime O&M) T NPV ((itetime fUEI COStS) T NPV (sec. benefits)
(2) Cost effectiveness= = * * * * © 00 T
Lifetime CO, emission reduction

The results from both approaches could not be directly compared, since the results from the

first approach are expressed in future values, while the results from the second approach are
expressed in presentvalues. A f u el cost saving of 0 400 in 2015
(i . e. a0 342 if we as s, simethese ad someforegane interest e o f 4 %)
payments since people receive these benefits not in 2011 but in 2015. Hence, the present

value (value in 2011) of fuel saving benefits is lower than their future value (value in 2015).

By the same kind of reasoning it holds that the present value of costs is higher than the

future value. If we correct for this, by taking the present values from the annual benefits and

costs in the first approach, the average of the annual cost effectiveness figures should be

equal to the cost effectiveness figures found by applying the second approach. A further

explanation is given in Box 1.

Box 1:  Applying different approaches for cost effectiveness calculations: an example

Consider the following illustrative example: in 2011 a technical CO, abatement measure for
passenger cars is implemented. The investment

|l ifetime is 10 year s. Per year this me&-savingeof r e
0.1 tonnes. To keep things simple, we assume no other operational costs or benefits (e.g. fewer air
pollutant emissions). Finally, we assume a discount rate of 4%.

As mentioned in the main text, the cost effectiveness of this measure can be calculated using two
approaches. First we calculate the cost effectiveness based on total costs and benefits over the

|l ifetime of the measure. The input values need
3,500), NPV of Q@tetimef U € | costs (U ZOFmidsjon radnction (10 timestOil m &
tonne). Based on these input valwues, th@,cost

(expressed in 2011 values).

Second, the cost effectiveness calculation based on annual costs/benefits and effects. The annuity of
the invest mendtlbi,s whqguael tthoe tannual f uel cost s
Based on an annual CO,r educti on of 0.1 tonne, we find the
per tonne CO,. However, this value is based on future values and to compare this figure with the cost
effectiveness figure based on the other approach a translation to present values is needed. Based on

a discount rate of 4% the present values for the costs and benefits in future years are determined (for
results, see table below). The resulting average cost effectiveness for the period 2011-2020 is equal

to the figure based on the lifetime approach. For the separate years in the period 2011-2020 the cost
effectiveness figures varies, which is the result of the depreciation method applied. It is possible to
apply a depreciation method which results in constant cost effectiveness figures for all separate

years.
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| 2011 | 2012 | 2013 | 2014 2015 2016 2017 | 2018 2019 2020 Average
Costs
Future values 415 415 415 415 415 415 415 415 415 415 415
Present values 415 399 384 369 355 341 328 315 303 292 350
Benefits
Future values 400 400 400 400 400 400 400 400 400 400 400

Present values

400

385

370

356

342

329

316

304

292

281

337

Cost effectiveness

Future values

149

149

149

149

149

149

149

149

149

149

149

Present values

149

144

138

133

128

123

118

113

109

105

126

2.3 Some methodological issues

In the previous EU Transport GHG: Routes to 2050 study a paper on methodological issues
related to assessing cost effectiveness of climate change abatement options was published
(Davidson and Van Essen, 2009). The main objective of this paper was to explain why
studies to assess the cost effectiveness of policies and options addressing the climate
impact of transport have yielded such widely different results. According to the analysis
performed in this paper there are three issues with major impacts on the results:
o Differences in perspective; the cost effectiveness of an abatement measure can be
assessed from the perspective of the end user or that of the society as a whole'®. These
perspectives do result in different cost effective figures due to the fact that 1) changes in
tax revenues for the government are welfare impacts from a societal perspective, but are
not taken into account in a end-user perspective, and 2) reductions in other externalities

(e.g. due to a reduction in vehicle kilometres caused by the GHG policy measure) do

af fect

overal/l

perspective
o Differences in calculating direct expenditures; a main element in cost effectiveness
figures are the direct expenditures involved in implementing the abatement option(s) in

question. These expenditures could differ between studies for several reasons:

but

we |

f a

not

re o
from

0 Using factor costs vs. using market prices.
0 Baseline scenario and technology assumed. Since the effects and (additional) costs

of an abatement technology (or policy) are compared to a baseline technology (or

f

t he

t he

society
user 60s.

end

and

policy), the baseline scenario/technology assumed is crucial for the calculation of cost

effectiveness figures. A key issue in assessing the cost effectiveness of transport

climate abatement options is the assumed trend in the oil price adopted in the
baseline scenario.
0 Assumptions on how costs develop over time; are learning effects and economies of

scale included in the assessments?

0 Using ex ante vs. ex post cost estimates. The costs of an abatement option could be

calculated prior to or after implementation. Ex post cost estimates are often lower

than ex ante estimates, since the latter often underestimates economies of scale and
learning effects, both leading to cheaper solutions.
o Depreciation period or discount rate. Differences in deprecation periods or discount

rates applied may also result in wide differences between cost estimates between

studies.

o Differences in including broad welfare impacts; next to direct expenditures, the overall
costs of an emissions abatement option also include broader welfare impacts. These

broader welfare impacts may be indirect or not be expressed financially in any way (e.g.
reduced welfare of people travelling less due to the implementation of a kilometre
charging system). Also changes in the size of other externalities (e.g. accidents, air

pollutants, noise) are welfare impacts that could be included in the calculation of cost

effectiveness figures. Large differences exist between studies in the extent to which

2 Next to these two perspectives, also the perspective of the government could be used. However, this perspective is not often applied in studies

estimating the cost effectiveness of GHG policy measures.
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these broader welfare impacts are included in their cost effectiveness estimates. Also the
way these costs/benefits are monetized (e.g. which shadow prices are used to monetize
a change in air pollutant emissions?) differ between studies.

With regard to assessments of the cost effectiveness of policy instruments the cost

effectiveness figures may also be heavily dependent on (Anable and Bristow, 2007):

e Assumptions about the behavioural response to measures, e.g. the assumed behavioural
response to price signals (elasticity of demand).

e The design of the instrument, e.g. applies a road user charge to all road users or only to
passenger cars, is the road user charge revenue neutral or not, etc.

e The local/national context, e.g. are there high levels of congestion or not, is the area
tightly or densely populated, etc. The local/national context affects particularly the size of
possible external effects.

Due to all these potential differences between studies it is hardly possible to find general cost
effectiveness figures for measures and policies based on a comparison of this studies. This
is also stated by Anable and Bristow (2007) and ECMT (2006). The latter study even
concludes: i d i f f e reHentivenessoskidies cannot generally be combined and compared
because the assumptions and methodologies differ so much. Choosing the most cost-
effective pathway for society to combat global warming is therefore difficult with present

k nowl eHbgevay, Anable and Bristow (2007) mention that examining a number of
studies on the cost effectiveness of GHG reduction measures/policies helps to establish the
strength and direction of evidence on particular measures. This will also be the objective of
this paper.

2.4 Scope of the paper

The analysis of cost effectiveness is in this paper based on a literature review. As mentioned
before, not for all technical and behavioural options and policy instruments evidence on the
cost effectiveness is available in the literature. Therefore we only present quantitative figures
for options and policy instruments for which the literature present these kind of figures. For
other options and instruments we only present a qualitative assessment of the cost
effectiveness. Additionally, for the long run (2050) we only present a qualitative analysis of
cost effectiveness of all options and policy instruments. In addition, the scope of this paper is
limited to road transport

An important part of the quantitative assessment of cost effectiveness figures is a
comparison of key methodological choices and assumptions made in the various studies.
From previous studies (CE Delft, 2009; Davidson and Van Essen, 2009) it became clear that
the size of cost effectiveness figures depend heavily on the methodologies and assumptions
(e.g. on oil price, discount rate, etc) used (see section 2.3). Additionally, the welfare effects
included in the cost effectiveness estimation may differ between studies (including broad
welfare impacts or only financial costs, only first order impacts or also 2" order impacts®?,
etc.). Based on the critical assessment of these underlying methodological choices and
assumptions we try to explain differences between estimated figures and to come up with an
indication of the strength and direction of the cost effectiveness of particular measures.
Additionally, we will develop best estimates (if possible) of (ranges of) cost effectiveness
figures. For these best estimates we assume a social perspective taking broad welfare
impacts into account.

In the qualitative assessment of cost effectiveness figures we discuss the following issues:

3 Example of a second order effect of a more fuel-efficient passenger car: a more fuel-efficient car results in fuel savings and hence in less fuel
tax revenues for the government. This loss in revenues could be compensated by the government by increasing another tax, e.g. income taxes.
The distortive effects of this tax increase are an example of a second order welfare impact.
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An overview of all (main) welfare impacts of the relevant technical/behavioural options
and policy instruments. This includes direct expenditures, indirect effects, broader welfare
impacts, and changes in other externalities.

Where possible we also show whether the several welfare impacts can be expected to
insignificant, significant or maybe even dominant.

Where possible we will present some case studies, e.g. for policy instruments like fuel
taxes and kilometre charges.
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3 Cost effectiveness of technical options

Objectives:

The purpose of this sub-task is to explore the cost effectiveness of technical options to
reduce the CO, emissions of transport.

Summary of Main Findings

= For passenger cars various technical options with negative abatement costs are
available for the period until 2020. The abatement costs for diesel cars are mostly lower
than for petrol cars, which is due to a higher number of lifetime kilometres of kilometres
and hence a higher absolute reduction potential of the various measures over the
lifetime of the car.

= Also for medium duty and particularly heavy duty HGVs various technical options with
negative abatement options are available for the period until 2020.

= Recent studies on the abatement potential of biofuels show that due to indirect land use
change (ILUC) effects most of the biofuels will result in a net increase of GHG
emissions. Therefore, it is not possible (and useful) to determine cost effectiveness
figures for biofuels.

3.1 Introduction

In this chapter we discuss the cost effectiveness of technical options to reduce the CO,
emissions of transport. We will both discuss the cost effectiveness of technical abatement
options for passenger cars (section 3.2) and heavy duty vehicles (section 3.3). The cost
effectiveness of biofuels will be discussed in section 3.4. In section 3.5 the conclusions of
this section will be presented.

3.2 Passenger cars

3.2.1 Overview of technical measures and costs at vehicle level

This section presents an overview of technical measures available to arrive at vehicle
technology with a lower carbon footprint. For the short term it is quite clear what options are
available to the manufacturers to arrive at lower CO, emissions. For the medium and long
term (post 2020) there is a view of which development avenues are likely to be explored
(such as electric drivetrains, fuel cells and metal-air batteries). Evaluation of cost
effectiveness of these future technologies is much harder though, as uncertainties on
potential, market and cost developments add up and prevent meaningful quantification. The
report for the Low Carbon Vehicle Partnership in the UK [LowCVP(2011)] that was recently
completed, gives a broader, total cost of ownership oriented assessment of the technologies
that will be introduced coming years.

For further optimising fuel economy of cars with an internal combustion engine, a large array
of possible measures to improve economy and hence deliver lower CO, emissions is
available. The most promising categories are the optimisation of the engines themselves and
hybridisation of the vehicles. In both categories the advantages to be gained are bigger for
petrol cars than for diesel. The difference reflects the more advanced technologies already
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introduced in (on average) more costly diesel vehicles. In the short/ medium term the

following fuel saving measures will be most notable in light-duty vehicles:

e Engine options: further refinement of existing ICE technology including: gas-wall heat
transfer reduction, lower internal friction, cam phasing, direct injection, thermodynamic
cycle improvements

e Transmission options, including optimisation of gear box ratios (downspeeding),
automatic manual gearboxes, dual clutch gearboxesand CV T8 s

e Hybridisation, from start-stop systems to full hybrids

e Driving resistance reduction: weight reduction, aerodynamic improvements, lowering of
rolling resistance and minimisation of driveline loss

e Various others, such as efficiency improvement in auxiliary systems and thermal
management

CO, abatement costs of individual options

Based on an evaluation of the data obtained from literature and from various stakeholders, a
data set has been constructed by TNO and other consortium partners for the revision of
regulation on CO, emissions from cars (TNO et al., 2011). It presents estimates of CO,
reduction potential and additional costs (in 2010 Euros) of the various individual technologies
at hand. These data, listed in Table 3.2 and Table 3.4 are used therein as input for the
calculation of the average and distributional manufacturer costs of reaching the 2020 target
of 95 g/km. The measures considered in that study do not include full electrification, since
this is not so much a technology to be applied to existing cars with existing petrol or diesel
engines, but rather a new powertrain technology for the longer term, and hence it is
addressed separately in the overall approach of that study and also here .

The cost data presented in Table 3.2 and Table 3.4 are additional manufacturer costs for
individual technologies applied to the 2002 reference vehicles (when CO; reduction
technology had not started to penetrate the market), assuming large scale production at the
moment the technologies are needed to meet the target. CO, reduction percentages are
relative to the CO, emission of the 2002 baseline vehicle in each segment. Naturally some of
these technologies have already been introduced since 2002 and will be introduced further
for the purpose of achieving the 130 g/km by 2015 target, and hence the cost of the
reduction to a 95 g/km average by 2020 is estimated in a more appropriate way as the
difference between these two targets. It should be noted that the additional manufacturer
costs do not represent the retail price increase.

The data on costs and reduction potentials of individual technologies as listed in Tables 3.2
and 3.4 are based on a review of data obtained from literature, in-house expertise from TNO
and Ricardo and input submitted through questionnaires by ACEA, CLEPA and individual
component manufacturers. Since a more extensive discussion can be found in the source
report, and given the large number of options assessed in the study, numbers presented in
Tables 3.2 and 3.4 will not be motivated in detail. The considered improvement avenues,
mentioned in the tables are:

Table 3.1:  Short description of considered improvements on passenger cars. The listis presented in a
short and simplified form. A more detailed coverage is beyond the scope of this paper.
Please refer to the original (TNO et al., 2011) for more in depth data.

Improvement avenue ‘ Short description

Engine options Various engine improvements such as gas wall heat transfer
reduction, downsizing, cam phasing and low friction materials.
Realistically some 32 (petrol) or 11.5% CO2 reduction is
achievable in this category.

Transmission improvements | Application of automated manual transmission. Reduction
potential 5% for petrol or 4% for diesel.
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Improvement avenue ‘ Short description

Lowering driving resistance | Various measures such as low rolling resistance tyres, improved
aerodynamics and medium light-weighting. With a medium weight
reduction some 9 (petrol) or 7.5 % (diesel) emission reduction is
doable easily. Combined with strong weight reduction the
emission reduction goes up an additional 6%.

Others Various technical measure such as improvement of auxilary
systems (11%), secondary heat recovery (2%) or thermal
management (2.5%)

As can be seen from the list, the reduction potential for petrol cars, especially from engine-
related options, is larger than for diesel vehicles. One of the main reasons for this is that
through the introduction of direct injection, diesel vehicles have already made a significant
step in fuel efficiency improvement in the period before 2002 while petrol vehicles are only
now introducing direct injection in large scale

Moreover from the tables it can be observed that the costs for micro hybridisation are
different for petrol and diesel. For petrol cars additional battery capacity needs to be installed
to operate lighting, cabin ventilation, in car entertainment and other electrical equipment
during vehicle stand still with the internal combustion engine stopped. Contrarily, diesel cars
already have this capacity installed for glow plug operation, which is not needed for re-
starting. Therefore this capacity can be utilized to power other electrical components during
stand still. Besides additional battery capacity, a DC-DC converter is also needed to supply a
steady voltage to said electrical components. This DC-DC converter is needed for petrol and
diesel cars alike.
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Table 3.2:  COzreduction routes available and their total capital costs for small and medium sized
petrolcars.Reducti on potenti al and the associated effecti\
measure on its own.

reduction | add-on

Improvement option potential = cost
[%6]* [ 4]
Engine options 32 1255 39
Transmission improvements 5 300 60
Hybridisation, micro 7 375 54
Hybridisation, mild 15 1450 97
Hybridisation, full 25 2500 100
Lowering driving resistance, medium WR 9 600 67
Strong Weight Reduction 15 1200 80
Other 15 610 a1

Table 3.3:  Example of stacking of various CO, emission reduction measures costs for small and
medium sized petrol cars combined to arrive at higher overall reduction levels. Following
order of stacking as given from top to bottom.

, : (L cumulative e
Improvement reductl_on add-on marglr_lal g abatement cost reduction
avenue Po[t;)r}ilal cos(} , reo[l;oﬁiion CO,/km** pezz\é;ecr;ge/ % re*f**2015

] - [u/t&Bhe
Engine options 32 1255 1405 32.0 40.5 -27 32
Others 15 610 448 10.2 19.0 62 42
Hybridisation, micro 7 375 176 4.0 5.1 281 46
Transmission 5 300 119 2.7 4.7 282 49
improvements
Lowering driving 9 600 202 4.6 7.3 396 54
resistance, medium
WR

* ** and *** please see notes below table 3.5

Table 3.4: COgz reduction routes available and their costs for small and medium sized diesel cars.
Reduction potential and the associatedef f ect i veness/ G0 is given for apply
its own.

reduction add-on

Improvement option potential  cost
(%]
Engine options 11.5 550 48
Transmission improvements 4 300 75
Hybridisation, start stop 4 200 50
Hybridisation, mild 11 1450 132
Hybridisation, full 22 2500 114
Lowering driving resistance, medium WR 7.5 560 75
Strong Weight Reduction 14.5 1100 76
Others 14 610 44
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Table 3.5:

Example of stacking of various CO, emission reduction measures costs for small and
medium sized diesel cars combined to arrive at higher overall reduction levels. Following
order of stacking as given from top to bottom.

: npv of : marginal :
reduction add-on marginal Mg abatement cost | cumulative
Improvement : fuel : A
avenue potential cos,t saved reduction  CO,/ per avgnue/ reduction %
[%6]* [ U] [ ] [%0]** km** vehicle ref 2015 ***
[ 0/ t €6
Others 14 610 1163 14.0 17.9 -113 14
Engine options 11.5 550 822 9.9 12.6 -79 24
Hybridisation, start 4 200 253 3.0 3.9 -50 27
stop
Lowering driving 7.5 560 455 5.5 7.0 55 32
resistance,
medium WR
Transmission 4 300 225 2.7 3.5 80 35
improvements

*reduction potential is given as an absolute percentage in fuel consumption decrease. As various measures are
stacked in order to arrive at higher efficiencies, the effective reduction potential of second, third etc. measures
becomes diluted as the total amount of fuel consumed (or CO, emitted) already decreased because of earlier
applied measures. This is expressed in the marginal reduction per improvement avenue.

** Thus, the following order in which various measures are applied influences their effective reduction potential
(relative to the baseline). The baseline in this calculation is the expected 2015 values (kilometres weighted
average of 126.7 g COy/km for the small and medium petrol segment, and 127.7 for diesel). The measures
assumed to be already implemented by the manufacturers to arrive at given emission levels (representing a 22.3
and 13.3 % reduction from the 2002 reference level), are variable valve actuation, gas-wall insulation, low friction
design, down-speeding, low rolling resistance tyres and aerodynamic optimisations for petrol, and mild
downsizing, combustion optimisation, down-speeding, low rolling resistance tyres and aerodynamic optimisations
for diesel respectively.

*** The reduction achievable if the measures are stacked. Be aware that improvement avenues were calculated
for an average in a market segment. Improvements realisable for any manufacturer may easily be smaller or
larger.

CO, abatement costs for going from 130 g/km in 2015 to 95 g/km in 2020

The current regulatory landscape sets out a trajectory of reduction of CO, emissions of ICE-
driven vehicles, and hence fuel consumption, towards 2015 (target 130 g/km) and 2020
(target 95 g/km). To put these estimates into perspective based on currently observed
average emission levels, those emissions can be assumed to decrease by an average of
around 30% between 2010 and 2020.

The increasing fuel economy of the cars represents a net saving through fuel that will be less
consumed over the expected economic lifetime of the vehicles. This was calculated in the
tables above assuming an effective economic lifetime of a vehicle of 20 years in which on
average 7590 (petrol) or 13295 (diesel) litres of fuel are consumed. The effective discount
rate is 4 % in the base calculation. Further, the assumed fuel price developments (excluding
excise duties and VAT) are for petrol: ua 0.658,
2020, 2025 and 2030 respectively. For diesel the
0.973 and 1.092 respectively. The fuel price projecti ons ar e based on AEU ene
20300 and correspond to oil prices of $72/ boe (2
For the period after 2030 an extrapolation was used. In order to give an impression of fuel
price and depreciation sensitivity, the following exercise was done. The cost effectiveness of
the 130to 95 g/km measure for an average petrol and ditto diesel cars was calculated in five
different scenarios:
1) Base scenario: 27 % overall reduction in fuel consumption of new cars, with above
given fuel prices, and 4 % / year discount rate. The reduction percentage is the same
as reducing CO, emissions from 130 to 95 g/km.
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2) As 1, but with fuel prices starting at the same point, but linearly rising to double the
end price (U0 2. 2035espectidely)iDis2ount rate at 4%/ a.
3) As 1, but fuel prices starting at the same point and linearly decreasing to half the end
price (U 0.505 and U0 0.546 in 2035 respecti ve
4) Fuel price scenario as 1, but discount rate at 8% / a.
5) Fuel price scenario as 1, but discount rate at 2% / a.

Table 3.6: Net cost effectiveness of going from the expected EU-27 2015 situation to the 95 g/km target
for petrol and diesel cars (all segments) in five different scenarios with respect to fuel price
and discount rate assumptions.

| Petrol cars \ Diesel cars
Additional npv petrol abatement Additional npv diesel abatement

vehicle saved cost vehicle saved cost

costs [G] [u /| aOg) cost s [a] [ua [/ aod
base 1465 1243 48 1314 2158 -99
fuel *2 1465 1649 -40 1314 2853 -180
fuel /2 1465 1040 92 1314 1810 -58
interest *2 1465 951 111 1314 1658 -40
interest /2 1465 1445 4 1314 2505 -139

For the petrol segment, the EU-27 2015 A 95 g/km reduction, means an emission reduction of 27.4 %, and for
the diesel segment of 24.8 %. The costs of technical measures necessary to realize the reductions, are
approximated using the cost effectiveness curve presented in the SR-1 study.

Vehicle size increase versus light-weighting

On top of technical measures, there are a couple of trends that appear to have opposite
effects. On one hand there is an autonomous growth of the size and weight of cars due to
economic growth and preference of the public for ever increasing vehicle sizes. This size
increase leads to a mass increase (and most often an increase in aerodynamic drag as well)
which, of course, leads to higher fuel consumption per kilometre driven.

On the other hand there is a trend toward using lightweight construction, for example
composite windows, body panels or magnesium and aluminium alloys. Which of the two
trends will have a stronger influence on fuel efficiency development in the longer run is
difficult to predict. Possibly they counteract so that effectively no change will follow from
these two combined, OR either of the two becomes dominant and a decrease or increase in
power consumption per kilometre will follow.

Due to the uncertainty of the future developments with regard to vehicle mass, also the social
costs of CO, reducing technologies related to traffic safety i which depends among other
things on the mass differences between vehicles i are uncertain.

3.2.2 Cost effectiveness on the short and medium term, at fleet level

In order to provide a first-order approximation of the cost-effectiveness of the 95 g CO,/km
fleet average emissions Regulation [EC regulation (2009)], an estimate was made of the EU-
27 fleet emissions between 2015 and 2040 in three scenarios:
- BAU: maintaining a 130 g CO,/km new sold cars average from 2015 onwards
- Reduction pace 1: as above until 2019, after which the new sold cars average
becomes 95 g CO./km in a single step
- Reduction pace 2: based on currently estimated averages, the overall EU27 fleet
average would be ~147.5 g/km by 2015 and ~124 g/km by 2020 (based on the
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current estimates that the new sold cars average in EU27 would be around 120
and 95 g/km in 2015 and 2020 respectively).

Figure 3.1: Road Traffic CO2 emissions from 2015 assuming various levels of CO, emissions of new
cars being added to the existing fleet.
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The increase at the right hand end of the graph reflects the assumed increase in total
distance travelled by the fleet as a whole [TREMOVE source data SR-1, TNO et al. (2011)].
The overall distance travelled is further given in the figure below.

Figure 3.2: Projected total distance travelled by the EU-27 fleet as a whole.
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In order to obtain estimates for fleet-wide costs of CO, reduction, the cost curves that were
obtained in serviceckeqgimss$silonoé§ oetch alpverdar k [ TNC
used. These so called cost curves relate to the costs presented in table 3.2 and 3.4 in the
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sense that the curves try to approximate the less costly combination of measures to arrive at
a certain reduction in fuel consumption. These costs are input to a first-order approach to the
overall cost effectiveness of CO, emission abatement. The cost curves show quickly
increasing slopes towards higher reduction potentials and hence the present approach
should serve as an indication for comparative purposes only.

Taking into account the difference in total emi s
and the A95 g/ km from 20200 scenari o, and the co
to reach the necessary CO, reductions, one arrives at the following results:

Table 3.7:  Cumulative costs for the time period 2015-2040 in relation to abated CO, (having deducted
the savings of fuel not used).

CO, reduction pace 1 CO, reduction pace 2

Cumulatively abated | Cumulative | abatement costs | Cumulatively abated | Cumulative abatement costs
CO; (Mtonnes) costs (u/ tCom I CO; (Mtonnes) costs (u/ tCOMnN

1896 10 6 2342 10 4

e In scenario 2 the average emission levels are gradually lowered to the foreseen regulatory levels. The costs
for these measures being introduced in anticipation, are shared by manufacturer and buyers. Here only the
costs of additional measures to meet the regulatory target (based on the cost curves in the SR1, Cars & CO;
work) have been taken into account.

e All cumulative costs in the above have been translated to a net present value in 2020 using a discount rate of

4% (similar to method used in TREMOVE)

These results depend on the assumed service life time of the vehicle. In fact, these estimates
are based on the assumption that vehicles sold in 2020, the first year of the 95 g/km
Regulation, will stay on the road (with decreasing yearly mileages) until 2040. Hence, within
the scenario outlined for this exercise, by 2040 the whole fleet will consist of vehicles sold
under this Regulation.

It should be added that in addition to the potential for ICE-driven vehicles to reduce their CO,
footprint significantly (through an average 30% improvement in energy expenditure by 2020),
usage of high-blend biofuels could drive further reductions. It is important though to note that
biofuels have their own specific issues that make it difficult to simply assume a further CO,
reduction. Biofuels and its problems are discussed in detail in the biofuels chapter (section
3.4). After 2020, however, further engine efficiency improvements are limited and relatively
costly, while the amount of biofuels that will be available may be limited.

3.2.3 Cost effectiveness on the longer term

The longer term evolution is difficult to assess due to uncertainties in how the markets will
develop. A significant part of the 2050 fleet may have an electric drivetrain. The storage
system (batteries or fuel cells on H2, metal or even bio-ethanol) is difficult to predict at this
time and will depend on developments of factors like costs and capacity. Some industry
insider reports by Valentine-Urbschart and Bernhardt (2009), McKinsey (2010) and Duleep et
al. (2011) provide the following estimates for electric drivetrains and fuel cells:

Electric drivetrains

For light duty vehicles the first series of electric vehicles are being introduced in the market.
The present revival of electric vehicles is based on lithium ion battery technology. This
technology will quite likely be the driver for a definite breakthrough of electric vehicles. The
major disadvantages of battery electric vehicles are twofold: 1) limited specific energy,
making it heavy to carry sufficient energy to ensure a range comparable to ICEs and 2) the
battery technology is still relatively costly, which makes it expensive to carry sufficient
energy. For the time being the add-on cost of the technology is some 100% higher than that
of the conventional petrol vehicle. In the long run cost efficiency will likely increase. For
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batteries for example a price drop of approximately 80% is foreseen by industry insiders

bet ween 2010 and 2020. I n 2010 the price level w
to ~460 4/ kwWh (2015), ~300 0/ kWh (2020) and arri
given in Al mpacts of EI ectr i somanbadtdomparaldep ( Dul eep

predicting a battery production cost of about 750-8 00 U/ kWh in 2010, droppin
a/ kWh in -26Q@20/BWB in 2020 and around 200 4/ k Wh
production cost, the actual cost to car manufacturers and then to consumers will be higher.

The size of the energy storage in a specific car is to some degree a design freedom of the

manufacturer. In order to enable a minimally acceptable driving range and vehicle

performance, the battery size needed for a small car is ~16 kWh, for a medium sized car ~24

kWh and for a large car ~36 kWh. In as far as specific energy of the batteries is concerned,

some i mprovements are possible as well, but most
capacity increase. New (breakthrough) technologies may change this in a couple of decades,

though.

For the time being there is the (major) uncertainty on realistic lifetime predictions for the

batteries. The lifetime of batteries is an important factor for cost effectiveness because of the
amortisation applicable for the electric vehicle. This will probably become less of an issue if

and when batteries indeed appear as reliable in
test-benches. As a matter of fact recent signs in the market are very promising in this regard.

The énormal 6 hybrid Toyota Prius has rarely (if
has been on the market for 14 years. Furthermore, OEMs are lowering the list prices for

spare battery packs, and are introducing extended warranty periods (e.g. 10 years) for the

battery pack. Of course these policies will have a marketing commercial background, but

clearly the OEMs would not do this if they were not confident that the majority of the battery

packs will indeed survive. Finally, quick charging and even Vehicle-to-Grid services are being

introduced on the market (e.g. by Nissan) in the first generation Li-ion electric cars already. A

couple of years ago, this technique seemed unlikely to be introduced commercially soon, but

still, it is happening already. Also the Vehicle-to-Grid service option may be partly

manufacturer bravura, but again, the industry would not offer it if there were major

uncertainties behind it. All these signs indicate that the OEMs are confident about the long

time reliability and performance of the technology even in its present immature state.

Moreover, the investment costs for a charging infrastructure that will feed the electric
vehicles must be taken into account. There will be consequences for the electric power grid,
where locally larger demands on power transmission capacity may come up once the (local
and visiting) numbers of electric vehicles grow. The costs associated with modifications of
the power grid are dependant on whether there is spare capacity available or not at the
beginning. In many cases reinforcement will not be necessary if the residual power capacity
available late at night and in the morning are put to use for recharging (a so-called smart
grid). Further the recharging points themselves will demand an investment. In the low power
version for charging in the private domain, the investment costs are modest (tens up to
hundred euro per recharging point), but if charging is foreseen in the public domain, costs go
uptoar ound G4 1000 per charging point.

Next to all the uncertainties on the costs of electric cars, also uncertainty on the CO,
reduction potential does exist. Here a lot is dependant on whether the marginal extra electric
power required for feeding the fleet of electric cars will be generated in a fossil, nuclear or
sustainable energy power plant. The extraordinary tank to wheel efficiency of electric
vehicles will be nearly offset in terms of CO, impact if coal-powered electricity is used. On the
other hand, most other electric energy mixes will give a real CO, reduction potential, but this
is of course dependant on the precise mix going into the grid.
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Given the number of uncertainties as described before, it is at this time not really possible to
provide even rough estimates on costs per reduced amount of carbon dioxide (expressed in
a/ k g,) f@ @lectric vehicles.

Fuel cells

Fuel cell technology will likely become more attractive as energy generator in the coming

decade. McKinsey (2010) projectsapricedrop from ~500 4/ kW (2010), to
2015, to arrive at ~45 U0/ kW in 2020 for hydrogen
whole new infrastructure must be installed however and the societal costs for this hydrogen

distribution net are not included. Metal-air batteries, which are another category of fuel cells,

hold the promise of reaching higher power densities and lower costs compared to the

hydrogen fuel cell.

3.3 Heavy duty vehicles
3.3.1 Overview of technical measures

Measures to lower aerodynamic or rolling resistance

For trucks there are quite a few options to start reducing tailpipe CO, emissions with
technological measures that are readily available, and can be fitted onto new as well as
existing heavy duty vehicles. The measures act on improvement of aerodynamics and
lowering of rolling resistance.

Table 3.8:  Measures for lowering driving resistance on heavy goods vehicles.

Measure ‘ Short description

Low rolling resistance tyres | Tyres with enhanced rubber composition and tread optimized for
lower rolling resistance.

Aerodynamic fairings A variety of measures such as cab fairing, wind dam (below front
bumper), collars narrowing the gap between cabin and trailer and
side skirts, aimed at lowering wind drag form truck, or tractor
trailer combination.

Spray reduction Mud-flaps Mud flaps as normally mounted behind the wheels, that are
perforated and pass some riding wind. This breaks the wind drag
pattern behind the flap, and thereby lowers aerodynamic drag.

Aerodynamic trailers A complete reworking of trailers into a rounder, more tear-like
overall aerodynamically streamlined form.

Diesel engine optimization

For the medium term also a further development of existing diesel engines will be seen. Here
internal friction and recovery of waste energy will enable a significant improvement in overall
engine efficiency. The possibilities for efficiency increase in the combustion engines are
summarized in Figure 3.3.
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Table 3.9:  An overview of possible measures in the diesel engines and their potential.
Measure ‘ Short description

Turbo-compound (mech. / elec.) | A turbine in the exhaust gas flow that mechanically or electrically
recuperates energy from the gas stream. Energy efficiency
improvement in both cases is around 1.5 %.

Thermo management Recovery of waste heat from the exhaust in a heat exchanger.
Can improve efficiency of the engine by 3%.

Automated Transmissions Robotized gearbox that enables faster and more efficient gear
shifting. Possible efficiency gain up to 7%.

Combustion systems Combination of enhanced hydrodynamic form of the combustion

chamber, fuel injection systems and inlet air systems, all helping a
more complete and efficient combustion. CO, benefit 1-2%

Lower engine friction Combination of low friction internal engine surfaces and improved
lubricants. Can save between 0.5 and 1.5% fuel.

Variable pumps / compressors Variable flow oil pump, Air compressor and pneumatic booster
system as well as variable flow water pump. Various CO,
reduction potential

* In per cent, compared to incumbent technology (not complete vehicle)

The present generation of engines can accept up to some 10 % of biofuels. For higher
percentages, a reworking or adaptive mechanism should be present in the engines in order
to be able to accept higher concentrations of biofuel. The possibilities for CO, reductions with
biofuels are handled in a separate chapter.

Figure 3.3: Estimated efficiency potential of various technical measures that can be taken on Heavy
Duty diesel engines. (Source: Shell LKW studie 2030 (2010))

Pneumatic booster system:
offers higher inlet pressure to

Optimization of combustion process: turbocharger,5-2%

combustion chamber geometry,
cooling of air feed, motor management,
higher injection pressurd-2 %

Reduction of internal motor friction:
low friction surfaces, improved lubricants
0.51.5%

Turbo compound system:
mechanicabr electric energy generation
from exhaust turbinel,5%

| % / Thermo management

waste heat recovery from exhaud¥%

Automatic optimized gearbox —_—T
electronically controlled gear shifting
up to 7%

Optimized powering of auxiliaries:

switchable pneumatics compressbi5%
engine power regulated oil pumhb5-3%
electrical, regulated water pump.7-4%

The references Shell (2010), Roland Berger (2009) and TNO (2011) were used as input for
effectiveness as well as cost level estimates in this section.
3.3.2 Cost effectiveness on the short and medium term

Indicative improvements of CO, emissions are given in the table below (reference year
2009). Apart from the references mentioned in the previous paragraph also Ricardo (2009),
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AEA-Ricardo (2011) and TNO (2011) were taken into account. Where data in mentioned
sources were based on expert estimates, the data were averaged in order to level out
differences between individual sources (which were modest anyway).

Table 3.10: CO;reduction potential for a typical medium duty (MD) heavy goods vehicle (~ 12 tonnes).

Reduction potential and the associ at etlhtneéstireent i veness
its own.
reduction
: , add-on n
Improvement option potential ;
" cost [ G/ %
[%]
aerodynamic cab fairing 3 285 95
spray reduction mud flaps 15 25 20
low rolling resistance tyres 4 0 0
automated transmission 8 2100 175
variable pumps /compressors 6 1300 217
various engine options 12 6000 500
hybridisation start-stop (MD) 3 550 167
mild hybrid (MD urban) 15 10000 667
full hybrid (MD) 18 20000 1111

Table 3.11: Example of stacking of various CO, emission reduction measures costs for a typical
medium duty (MD) heavy goods vehicle (~ 12 tonnes), combined to arrive at higher overall
reduction levels. Following order of stacking as given from top to bottom.

HENITEY cumulative (;l;)
reduction | add-on g abatement cost reduction c
Improvement option  potential cost reduction cO.Jkm**  P€r option / % ref 2015
el [%6]** 2 vehicle OIE
[ U/ t €0Osh
hybridisation start-stop 3 550 752 3.0 9.4 -69 3
(MD)
variable pumps 6 1300 1459 5.8 18.2 -28 9
/compressors
automated transmission 8 2100 1828 7.3 22.8 38 16
various engine options 12 6000 2523 10.1 31.4 352 26

* Reduction potential given as absolute percentage relative to 2009 reference situation.

** Effective reduction given as percentage relative to 2015. This level is 7.9 % lower than 2009 reference.
Fairings, anti-spray mud flaps and low rolling resistance tyres are assumed to be applied standard to achieve this.
*** The reduction achievable if the measures are stacked. Please be aware that improvement avenues were
estimated (by experts) and not calculated from market data as was the case for passenger cars. Improvements
realisable for any individual HGV manufacturer may be smaller or larger.

Table 3.12: CO;reduction potential for a typical heavy duty (HD) heavy goods vehicle (approx. 40
tonnes). Reduction potentialandtheass oci at ed effectiveness/ U0 is given
measure on its own.

reduction
Improvement option potential
[%6]*

add-on n

cost [0/ %

aerodynamic fairings 571
spray reduction mud flaps 15 25 20
low rolling resistance tyres 4 180 0
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automated transmissions 8 2700 213
variable pumps /compressors 6 1600 267
diesel engine options 12 8000 667
hybridisation full hybrid (urban) 18 28000 1667

Table 3.13: Example of stacking of various CO, emission reduction measures costs for a typical heavy
duty (HD) heavy goods vehicle (~ 40 tonnes), combined to arrive at higher overall reduction
levels. Following order of stacking as given from top to bottom.

marginal
abatement cost
per option /

cumulative
reduction
% ref 2015

add- npv of
on fuel
cost saved

reduction
potential

marginal
reduction

Improvement option

CO,/km**

%]* - ! %] ** vehicle

[%] Ca] rap [ glenicle e
variable pumps 6 1600 6274 6.0 47.8 -189 6
/compressors

automated transmissions 8 2700 7863 7.5 59.9 -167 14
aerodynamic fairings 7 4200 6330 6.1 48.2 -85 20
diesel engine options 12 8000 10091 9.7 76.8 -53 29
hybridisation full hybrid 18 28000 | 13321 12.7 101.4 280 42
(urban)

* Reduction potential given as absolute percentage relative to 2009 reference situation.

** Effective reduction given as percentage relative to 2015. This level is 5.3 % lower than reference. Anti-spray
mud flaps and low rolling resistance tyres are assumed to be applied standard to achieve this.

*** The reduction achievable if the measures are stacked. Please be aware that improvement avenues were
estimated (by experts) and not calculated from market data as was the case for passenger cars. Improvements
realisable for any HGV manufacturer may easily be smaller or larger.

Hybridisation

Hybridised Heavy duty vehicles are slowly entering the market in limited numbers.
Specifically for services where many stops are made, the technique has excellent potential
for reducing CO, emissions of the vehicles. Examples: city buses or refuse collection
vehicles. Mild to full hybrid trucks will certainly become economically attractive in the longer
run, but extra costs prohibit application to those types of vehicles that can benefit most,
which would be city type trucks (like mentioned city buses, refuse collection vehicles and city
distribution trucks). In table 3.12 it can be seen that (with present insights) a full hybrid Heavy
Duty vehicle will not return the extra investment in fuel savings. In the longer run though,
when component cost have dropped and component performance has increased, much
broader use of hybrid drivelines will be likely.

3.3.3 Cost effectiveness on the longer term

Hybrid drivetrains using bio-fuels

The combination of fully hybridised drivelines and use of second generation biofuels appears
to be a good opportunity for sustainable heavy goods transport in the long run. Also in terms
of cost effectiveness this combination might actually win over electric drivetrains. This is
largely attributable to the much higher specific energy of liquid fuels (fossil, bio and synthetic
alike) compared to batteries or even fuel cells (although future technological breakthroughs
may change this view). Actually the high specific energy argument counts for heavy duty
road transport just as much as for aviation.
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Electric drivetrains

At this point in time there is only small hope for large scale deployment for electric vehicles in
the heavy duty segment. The current and foreseeable developments in battery technology
give room for medium duty vehicles (up to some 12 tonnes GVW). As an example Roland
Berger (2010) produces an electric versus ICE TCO calculation of a 12 tonnes truck, and
arrives at a projected 2% benefit of opting electric for the 2020 situation.

For the really heavy duty segment though, the energy density appears to be too low to be a
realistic alternative to diesel and hybrid. In the longer run this might change with alternative
batteries and fuel cells (be it hydrogen or metal-air technology) which promise much higher
energy densities. At present too little is known to make a useful extrapolation of technology
efficiency with regard to cost efficiency for CO, emission abatement.

For the moment it is unclear whether the required energy densities will be reached with new
battery or fuel cell technology. For medium duty vehicles there exist pre-series and for
example Mercedes Benz is introducing the electric Vito, and Renault the electric Midlum. For
the time being the add-on costs of the technology are some 100% higher than that of the
conventional diesel vehicle. In the long run cost effectiveness will likely increase. For
batteries for example a price drop of approximately 80% is foreseen by industry insiders
between 2010 and 2020. As explained in the chapter on passenger cars, there is the
uncertainty regarding possible lifetime problems for the batteries. This will probably become
less relevant if and when batteries indeed appear as reliable in the field as they were on the
manuf act ulbeeches.0 t est

3.4 Biofuels

Biofuels is a term for a range of fuels for the transport sector, including vegetable oil,
biogas/biomethane, bioethanol, biomass-to-liquid (BtL) biodiesel, hydroprocessed vegetable
oil (HVO) biodiesel and conventional biodiesel. Biofuels can theoretically save significant
levels of greenhouse gas emissions (Hill et al., 2009). However, recent evidence on the
Indirect Land Use Change (ILUC) effects of biofuels have changed drastically the view on the
GHG abatement potential of these fuels. ILUC relates to the consequence of releasing more
carbon emissions due to indirect land use changes around the world. This is induced by the
fact that pristine lands are cleared and converted to new cropland, in order to produce the
crops for feed and food that were diverted elsewhere to biofuels production. These emissions
may be very significant, depending on the type of crop used for the biofuel production, but
they are more difficult to quantify than the direct emissions of the biofuels. ILUC could also
negatively affect biodiversity (EP 2011, EC 2010).

The calculated values of the cost effectiveness of biofuels have changed drastically in recent
years. Due to inclusion of Indirect Land Use Change effects (ILUC effects), the effectiveness
of biofuels has decreased significantly. In this section, we will first briefly discuss studies
excluding the ILUC effect. After this, we will discuss the cost effectiveness of biofuels
including the recent insights on the ILUC effects.

3.4.1 Cost effectiveness excluding ILUC effects

Various studies have determined the cost effectiveness of biofuels excluding ILUC effects.
Studies often referred to are CE Delft (2005), TNO et al (2006) and CONCAWE (2007).

CE Delft (2005) determines the cost effectiveness of biofuels based on a large number of

literature sources (see Figure 3.4). The figures are calculated based on the costs of petrol
and diesel by September 2005. Information on cost elements included are not available.
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Figure 3.4  Cost effectiveness of GHG reduction of various biofuels
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Note: - The red bars indicate the spread in data (i.e. blue bar is lower bound of the range in cost
effectiveness figures)
- All ethanol figures refer to ethanol produced in Europe

TNO et al. (2006) present cost effectiveness figures which are more or less in the same
order of magnitude as calculated in CE Delft (2005). For bi odi esel , a range of
426 U / tonneCkEsDehfrtcu(2a06@d) esti mates a ange f

e (whi
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r
European ethanol therangeis-58 U / tonne to 656 04 / tonn h
/
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values for ethanol in CE Delft (2005)). Finally, for Brazilian ethanol the rangeis-1 0 3 U
tonne t o L1Théspréadintesulisiseaused by differences in assumptions for
production cost, reduction % of the biofuels and the oil price. The strong dependency of the
cost effectiveness figures on production costs and oil price is illustrated in Figure 3.5:.

Figure 3.5: Cost effectiveness of biofuels as function of production costs and oil price
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Also Concawe (2007) presents cost effectiveness figures of biofuels that are in the same
order as the ones presented by CE Delft (2005) and TNO et al. (2006). The main results of
this study are presented in Figure 3.6, where the cost effectiveness for various biofuels is
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