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Executive Summary

This paper is one of five papers on GHG reduction options for transport drafted under the EU
Transport GHG: Routes to 20507 Project. This paper reviews the non-technical options related to
transport demand and vehicle utilisation that
emissions, both up to 2020 and in the period from 2020 to 2050. It aims to provide a high-level
summary of the evidence based on existing studies.

This paper covers the following options:

e Modal shift (both passenger and freight transport)

e Decoupling transport growth and GDP growth

e Improved logistics and vehicle utilisation

¢ Intelligent and advanced transport systems.
Most of the options covered in this paper are very closely linked to policy measures. The major
cost of these options are usually not (just) technical cost but (also) the cost related to changing
the behaviour of consumers and companies, e.g. the cost of higher travel times, less flexibility or
lower transport volumes. Therefore it is not useful to calculate abatement cost in a traditional way.
This explains why there are no abatement cost estimates available for the options concerned.

Below we summarize the main conclusions for each of these options

Modal shift

The GHG reduction potential of a shift between modes depends on the difference in GHG
intensity (g per pkm or g per tkm) for the volumes that are shifted and on the potential volumes
that can be shifted. Moreover, the overall impacts are also influenced by other impacts of modal
shift policy like induced transport demand.

On average there are large differences in carbon intensity of the various freight transport modes.
However, this has for a large part to do with differences in the type of goods (density, value),
shipment size and requirements of the transport (e.g. speed, flexibility, granularity of the network).
For the transport volumes that could be subject to modal shift, the differences between transport
modes are generally much smaller than the average differences between transport modes. In
addition, for a proper comparison it is crucial to look at entire transport chains rather than
comparing the modes as such. Therefore the potential of modal shift is much smaller than the
differences in these average carbon intensities would suggest.

For passenger transport, slow modes have clear GHG-advantages and in many cases also
electric modes show relatively low GHG emissions, but this depends heavily on the electricity mix
and vehicle utilisation rates. These modes have the highest potential in high-density urban areas.
For freight transport, the potential depends a lot on distance and type of goods.

There are no reliable estimates available for the overall reduction potential of modal shift.
Preliminary indicative estimates for the overall GHG reduction potential of modal shift for
passenger transport ranges from 2 to 14% (for a shift from road to rail transport), depending on
the assumptions. The shift from aviation to rail transport could in theory also reduce GHG
emissions from passenger transport with a couple of percent. These estimates take account of
both the differences in carbon-intensity and the market share that at the long run may be subject
to modal shift. For freight transport the estimates found range from 4% to 23% reduction of total
freight transport GHG emissions, with most of the estimates being at the lower end. Any potential
of modal shift can only be achieved with policy intervention. It would require high investments and
has the risk of rebound effects because of an increase in overall transport volume.

In the long run, all transport modes will become cleaner, safer and more fuel economic. This
effect is likely to be larger for road transport, due to the slow turnover rate for ships, trains and
aircraft. At the other hand, electric transport for example rail has an advantage as soon as a large
share of green electricity comes available. If all the electricity used is sustainably produced the

coul
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CO, emissions drop to almost zero. For the other modes a suitable carbon-neutral energy carrier
is as yet unavailable and may require large changes in vehicles and distribution infrastructure.
Few assumptions can be made as to the nature of the improvements without a more detailed and
technical description of the possibilities per transport mode.

Modal shift policy have the risk to interfere with curbing transport demand growth. Particularly

infrastructure investments and subsidies can induce transport demand growth. In some cases,

the benefits of modal shift were more than compensated by the growth in transport volume.

Measures to mitigat ed tthhies btehnreofuigths o6alroec ktihnegr eifnor e r e

Curbing down transport growth rates

Transport demand growth is the main driver for the still strongly increasing GHG emissions of
transport. Curbing the expected transport demand growth rates directly reduces GHG emissions.
For passenger, the availability of faster and better transport modes leads to an increase in
covered distances rather than in the reduction on time spent on travelling. Therefore, curbing
passenger transport demand growth and increasing the average travel speed are generally
incompatible. For freight transport, globalization and cost play also a key role.

There is wide range of policy instruments that can contribute to curbing transport growth:
e Urban planning, e.g. compact cities to avoid urban sprawl and spatial optimization of the
location of industries and distribution centres.
e Transport pricing, e.g. infrastructure pricing: higher prices tend to curb down transport

growth.

e Infrastructure policy: infrastructure investments have the risk to increase transport
growth.

e Speed policy: reduction of travel speed, e.g. by lower speed limits, decrease transport
demand.

e Other policies, e.g. taxes for buying/selling houses or all types of regulation that prevent
or discourage local production.

The main barrier for curbing transport demand growth is the risk of adverse economic impacts.
However, there are some example of measures that reduce transport demand but also have high
net social benefits, like road pricing or abolishment of subsidies. Assessing the overall economic
impact is a key precondition for these types of policy. It is not possible to quantify the potential of
curbing transport demand growth, without considering policy instruments.

Improved vehicle utilisation

The overall potential of improvements in vehicle utilisation depends heavily on various
developments and policies. Both private and public actors have an interest in improving vehicle
utilisation in freight as well as in passenger transport.

There are many factors that constrain improvements in vehicle utilisation, varying from market-
related, regulatory, inter-functional, infrastructural and equipment related constraints. Some of
these constraints can be lifted by policy measures, whereas others need action from private
actors. Important drivers to improve future vehicle utilisation are:

e A facilitating government providing the necessary infrastructure, the right incentive 7 for
example pricing schemes that make variable costs visible and noticeable, and
regulations that do not negatively influence vehicle utilisation improvement and

e |ICT developments, which make it easier to cooperate and bundle in freight transport and
easier to make carpool arrangement for passenger transport.

Autonomous developments have a huge impact on the way vehicle utilisation improvements in
the future can occur or can be achieved. A main barrier for improvements in vehicle utilisation is
the fact that often cooperation is required between many actors, which makes it more difficult in
practice than it seems in theory.

Vi
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Intelligent Transport systems (ITS)

Intelligent Transport systems (ITS) have the potential to contribute to GHG emissions reduction
from transport. ITS covers all modes of transport but the emphasis tends to be on ITS for road
transport. Until recently, not many studies into effects of ITS on GHG emissions were available,
and much research is still needed to quantify the potential of ITS, especially of ITS that aim
specifically to increase fuel efficiency and reduce GHG emissions.

Recent research indicates that ITS systems can help reduce GHG emissions substantially. A

rough estimate based on (Klunder et al., 2009) would be a possible reduction of 15-25% (for road

transport), by reducing the number of km driven, and optimising and homogenising speeds. It has

to be noted that for this reduction to be realised, systems must be widely available and drivers

must accept the systembébs advice (e.g. with regard
able to follow the instructions. The successful implementation of cooperative systems could

increase the benefits. Apart from emissions in GHG emissions, ITS can also have a positive

impact on travel time reliability, safety, air quality and traffic noise.

There are significant barriers to be overcome. Field operational tests, financial incentives or
regulation can speed up the introduction of promising measures.

Finally, new, advanced transport systems can introduce additional flexibility into the transport

system, helping travellers to choose the most environmentally friendly modes of transport to
reach their destination.

Vi
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1 Introduction
1.1 Topic of this paper

This paper is one of five papers on GHG reduction options for transport drafted under the EU
Transport GHG: Routes to 20507 Project. These papers review the options i technical and non-
technicalit hat could contribute to reducing transport 6.
the period from 2020 to 2050. This paper focuses on modal split and decoupling transport growth
from GDP growth. The papers aim to provide a high-level summary of the evidence based on
existing studies.

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

1.2 The contribution of transport to GHG emissions

The EU-276s greenhouse gas ( GHG) emi ssions fr tra
projected to continue to do so. Ther at e of growth of transporto GHG
to undermine the EUO6s e f-termmiIGHG emission raduetion tgpgets ienot i a |l |
action is taken to reduce these emissions. This is illustrated in Figure 1 (provided by the EEA),

which shows the potential reductions that would be required by the EU if economy-wide

emissions reductions targets for 2050 of either 60% or 80% (compared to 1990 levels) were

agreed and if GHG emissions from transport continued to increase at their recent rate of growth.

The figure is simplistic in that it assumes linear reductions and increases. However it shows that

unless action is taken, by 2050 transport GHG emissions alone would exceed an 80% reduction

target for all sectors or make up the vast majority of a 60% reduction target. This illustrates the

scale of the challenge facing the transport sector given that it is unlikely that GHG emissions from

other sectors will be eliminated entirely.

y O

m n
S

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

100 _|Total GHG emissions (EU-27)

80

=100)

60 -

Index (1990

40 -60 %
Annual growth rate: +1.4 %/ year
(avg. 2000-2005) 80 %

Transport emissions
20 - P
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Source: European Environment Agency

The extent of the recent growth in transport emissions is reinforced by Figure 2, which presents a
sectoral split of trends in CO, emissions over recent years. Whilst the CO, emissions from other
sector s have |l evel l ed out or h a v, emidsieng have risem decr e
steadily since 1990. It should be noted that whilst Figure 2 is presented in terms of CO,
emissions, very similar trends are evident for GHG emissions (in terms of CO, equivalent) since
CO,emi ssions represent 98% of transportds GHG emi ss

! Graph supplied by Peder Jensen, EEA



Modal split and decoupling options

EU Transport GHG: Routes to 20507

AEA/ED45405/Paper 5 Contract ENV.C.3/SER/2008/0053
Figure 2: Carbon dioxide emissions by sector EU-27 (indexed)2
CO2 Emissions * by Sector, EU-27
1990=1
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1,30 4 1,30
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Notes:

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

forestry

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

ground activities in airports and ports
A0t hero emissions

ii)

The vast maj ority

pitive dmissions, veastd amdeagricultwes e, f u

of European

transportds GHG

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

contributors.

Figure 3: Greenhouse gases emissions by transport mode (EU-27; 2005)3
Railways Other
1% 1%
Civil aviation .
International
2% o
aviation

Navigation 10%

(domestic)

Road
71%

International
navigation
13%

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

2 Graph based on figures in DG TREN (2008) EU energy and transport in figures 2007-2008: Statistical Pocketbook Luxembourg, Office for

Official Publications of the European Communities.

3 Graph based on figures in EEA (2008) Climate for a transport change i TERM 2007: Indicators tracking transport and environment in the
European Union EEA Report 1/2008, Luxembourg, Office for Official Publications of the European Communities.
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Recent trends in CO, emissions from transport are also expected to continue, as can be seen
from Table 1 below. Between 2000 and 2050, the JRC (2008) estimates that GHG emissions
from domestic transport in the EU-27 will increase by 24%, during which time emissions from
road transport are projected to increase by 19% and those from domestic aviation by 45%. It is
important to note that these projections do not include emissions from international aviation and
maritime transport, which are also expected to increase due to the growth in world trade and

Modal split and decoupling options

AEA/ED45405/Paper 5

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

End user Category 1990 2000 2010 2020 2030 2050
Road transport 695 82! 905 080 1002 1018
Rail 29 29 27 27 21 20
Domestic Aviation 86 134 179 206 237 244
Inland navigation 21 16 16 17 17 17
Total 810 988 1110 1213 1260 1299

Figures from the EEA (2008), illustrate the recent growth in GHG emissions from international

aviation, as they estimate that these increased in the EU by 90% (60 Mt CO,e) between 1990

and 2005; international aviation emissions will thus become an ever more significant contributor

to transport 6s cuEéhQrerastiorgiraue. Buntreermoré, the IPCC has estimated

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

CO,emi ssions al one, notably due to aiamwaert sd emi ss
vapour in their condensation trails. However, it should be noted that there is significant scientific

uncertainty with regard to these estimates, and research is ongoing in this area.

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

O Motor spirit

B Gas diesel oil

O Other liquid biofuels
O Biodiesel

M Biogasoline

The principal source of transportédés GHG emissions
petrol (motor spirit), which is mainly used in road transport (e.g. in passenger cars and some light
commercial vehicles in some countries), and diesel, which is used by other modes (e.g. heavy
duty road vehicles, some railways, inland waterways and maritime vessels) in various forms, are
the most common fuels in the transport sector (see Figure 4). Additionally, liquid petroleum gas
(LPG) supplies around 2% of the fuels for the European passenger car fuel market (AEGPL,

* Taken from JRC (2008) Backcasting approach for sustainable mobility Luxembourg, EUR 23387/ISSN 1018-5593, Office for Official
Publications of the European Communities.
5 Graph based on figures in DG TREN (2008), page 206
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2009°%), while the main source of energy for railways in Europe is electricity, neither of which are
included in Figure 4. While, alternative fuels are anticipated to play a larger role in providing the

transport sectords energy in the future, currently
fuel use.

1.3 Background to project and its objectives

The context of the EU Transport GHG: Routes to 2050i s t he Co mmiters obmetnvies | ong
for tackling climate change, which entails limiting global warming to 2°C and includes the
definitonofastrat egi ¢ target for 2050. The Commi ssionds Pr
the i mportance of the transport sector in this res

to maintain the momentum towards a low carbon economy, and in particular towards
decarbonising our el ectrici t'yTheeuapepvaripus eecent policg e t r an
measures that are aimed at controlling emissions from the transport sector, but these measures
are not part of a broad strategy or overarching goal. Hence, the key objective of this project is to
provide guidance and evidence on the broader policy framework for controlling GHG emissions
from the transport sector. Hence, the projectds ob

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

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

e Part | (6Review of the available information6) h
reduce transportodés GHG emissions, which was pres:
in the process of developing four policy papers (Papers 6 to 9) that outline the evidence for
these instruments to stimulate the application and up take of the options.

e Part I (6l n depth assessment and creation of fr
the work of Part | together to develop along-t er m pol i cy framework for r
GHG emissions.

e Part [ (60Ongoing tasksd) covers the stakehol
additional papers on subjects not covered elsewhere in the project.

As noted under Part lll, stakeholder engagement is an important element of the project. The

following meetings were held:

0 A large stakeholder meeting was held in March 2009 at which the project was introduced
to stakeholders.
0 A series of stakeholder meetings (or Technical Focus Groups) on the technical and non-
technical options for reducing transportds GHG
0 A series of Technical Focus Groups on the policy instruments that could be used to
stimulate the application of tHEemissipns.iTleges f or r
were held in September/October 2009.
0 Two additional large stakeholder meetings at which the findings of the project were
discussed.
As part of the project a number of papers have been produced, all of which can be found on the
project 6s website, as can all of the presentations frc

® European LPG Association (2009) Autogas in Europe, The Sustainable Alternative: An LPG Industry Roadmap, AEGPL, Brussels. See
http://www.aegpl.eu/content/default.asp?PagelD=78&DoclD=994
" http://ec.europa.eu/commission_barroso/president/pdf/press_20090903_EN.pdf

4
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1.4 Background and purpose of the paper

This paper is one of five fioptionso paperBU (Paper
Transport GHG: Routes to 2050 project. The aim of these papers was to review the technical and

nont echnical options that could contribute to redu
2020 and in the period from 2020 to 2050. A ser |

i nstrument s o t hosstimulatethel apgplichtien andstakedup of these options was also
developed. For the purpose of the project, we used the following definitions:

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

The options were reviewed in the following papers:

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

Modal split and decoupling.

R wNRE

This paper is the fifth in this series of papers, all of which use evidence from existing studies to
assess each of the options. It was presented in draft form to a Technical Focus Group meeting (at
which stakeholders were present) in July 2009 after which it has been updated on the basis of the
discussion at the meeting and any comments and further evidence received. This revised version
of the papercanbefoundon t o the projectds website.

1.5 Structure of the paper

This paper covers the following options:

¢ Intelligent and advanced transport systems — chapter 2;

¢ Modal shift (both passenger and freight transport) — chapter 2.1;

e Decoupling transport growth and GDP growth — chapter 4 .

e Improved logistics and vehicle utilisation — chapter 5;
Most of the options covered in this paper are very closely linked to policy measures. The major
cost of these options are usually not (just) technical cost but (also) the cost related to changing
the behaviour of consumers and companies, e.g. the cost of higher travel times, less flexibility or
lower transport volumes. Therefore it is not useful to calculate abatement cost in a traditional way.
This explains why there are no abatement cost estimates available for the options concerned.
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2 Intelligent Transport Systems (ITS)
2.1 What are Intelligent Transport Systems (ITS)

Intelligent Transport Systems (ITS) include technologies in the transportation system such as
information and communication technology, sensor technology and GPS ITS covers a broad
range of advanced systems or functionalities, for example traffic management, driver assistance
systems, and traffic information systems.

ITS functionalities can be installed in vehicles, in the infrastructure, in nomadic devices®, e.
Functionalities may require service providers or traffic management centres to process raw data
(e.g. information on traffic volumes and speeds) to advice (e.g. route advice) or control strategies
(e.g. activating ramp metering to prevent congestion on motorways).

ITS innovates through the integration of existing technologies to create new services, in all modes
of transport (road, rail, air, water). Systems and services are available for both passenger and
freight transport.

ITS measures have, over the past decades, slowly become a part of transport policy. It is widely
recognised that new infrastructure cannot solve all the problems associated with transport, such
as accidents, congestion and emissions. ITS measures are regarded as relatively cheap
(compared to building new roads) and flexible and are therefore of interest to many stakeholders.

Figure 5 shows the expected development of ITS. ITS started with solitary measures (e.g. local

traffic management measures or in-car systems such as adaptive cruise control). With the

realisation that the development and use of solitary measures are at their peak, the focus has

shifted to network-wide approaches for e.g. traffic management. Advances in technology make

this possible; however, this also requires improvements in data collection and processing

methods and algorithm development. The benefits of network-wi de approaches depend
upd and 6coordinatedd the I TS measures wil.l be.

After the network-wide approach, the next step is cooperative systems, in which the vehicles and
infrastructure cooperate with each other (via vehicle-to-vehicle and vehicle-to-infrastructure
communication). This means, for instance, that additional information becomes available about
conditions further ahead, that the vehicle cannot yet sense with its own sensors. Cooperative
systems are possible today but need time to become more sophisticated (and thus more
effective). In 2050, traffic management is expected to be integrated with driver assistance and
information systems. The added value of this is expected to be substantial, but not much is yet
known about potential effects on GHG emissions.

Finally, it is expected that some new forms of transport will emerge between now and 2050.

8 Those are devices that can be used in the vehicle but are not part of it, e.g. navigation systems that are not built in and can be taken out
of the vehicle.

6
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Figure 5 Expected development of ITS systems (Ministry of Transport, 2008)

CoOpE
syster

-

network-wide
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211 Examples of Intelligent Transport Systems

Driver assistance, advanced traffic management and cooperative systems

As ITS covers many different types of systems, with many different objectives, a very long list of
examples could be provided. However, not all ITS are relevant in the light of GHG emissions, for
instance, many advanced driver assistance and cooperative systems were developed as safety
systems or systems aiming to improve throughput. Only a few driver assistance systems were
developed with the aim of reducing fuel consumption and emissions. However, several of the
safety systems originally designed with other objectives (e.g. safety), are expected (or have been
shown) to have environmental benefits.

Table 2 gives several systems which could be considered relevant. However, not all of these
systems will necessarily be relevant on the EU level [Klunder et al., 2009], since this depends on
the (temporal and spatial) scale on which they can be applied; see the section on assessment of
ITS.

Table 2: ITS systems with the potential to reduce fuel consumption and emissions.
System group Systems with (potential) environmental benefits
Eco solutions Eco driving” assisted by Energy use indicator and Gear shift

indicator, Map-enhanced eco driving, Automatic engine shutdown,
Fuel efficiency advisor, Tyre pressure indicator

Stand-alone (in-car) (Adaptive) cruise control, Lane keeping assist, Emergency braking,
systems Fuel efficient route choice, Pay As You Drive (PAYD), Speed Alert
Advanced traffic Congestion charging, Road charging, Dynamic speed limits, Dynamic
management traffic light synchronisation, Green waves, Slot management, Freight

trip planning systems

Cooperative systems Cooperative adaptive cruise control, Congestion assistant,
Platooning, cooperative traffic Iightsz)

1) Eco-driving in itself is not an ITS, since the driver is not supported by technology. It is felt, however, that
systems supporting the driver (e.g. map-enhanced eco-driving, which takes topographical and network
information into account, can further increase the effectiveness of eco-driving.
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2) Cooperative traffic lights could communicate a speed advice to an approaching vehicle to minimise
driving dynamics, and vehicles could communicate their approach so that the traffic lights can optimise (the
order of) green times.

Many of the systems in Table 2 are already on the market or will be on the market within a few
years. As technologies (and data and algorithms) become increasingly advanced, ITS can
become more effective in reducing GHG emissions. This can be due to optimisation for emissions
(rather than for throughput or safety), but also due to general optimisation of traffic flows, which
could result in fewer kilometres driven and more environmentally friendly driving behaviour, e.g.
less congestion and fewer stops at signalised intersections. Further into the future, fully
automated driving and the application of swarm intelligence could be introduced.

Travel and transport information services
Travel and transport information services can help travellers and logistics firms plan journeys in
the most efficient way. There many route planners for road transport (passenger and freight
transport). Also, many countries, regions and cities offer public transport journey planners. An
increasing share offers the possibility to select the most fuel-efficient or environmentally friendly
option. Most dondét however, of fer inter modal trave
can be found at www.92920v.nl). There are intermodal freight transport planners, but most
journey planners for passenger transport offer only a comparison between journeys by car or
public transport at most, not an intermodal option. The challenge is to develop systems that offer
seamless intermodal trip advice to the ficonnected
information wherever they are, information that is relevant to the journey they want to make. This
includes therefore (real-time) traffic information, such as information about congestion, incidents,
events and weather conditions. Several issues need to be addressed in order to be able to
develop useful, viable systems:

e Business and organisational models need to be developed (who will provide the

information? Who will pay for it?).
e Standards (e.g. for data exchange) need to be developed.
e Large amounts of data need to combined into reliable advice that can be given in a very
short amount of time.
e There are also issues w.r.t. privacy of the travellers.

There is a chicken-egg problem with the issues of business models and standards. Stakeholders

may not see a viable business case when standards are lacking, and standards are not likely to

be developed for systems that are still being developed. If a good standard is available, it offers

everyone the opportunity to develop applications. An example of a standard used in public

transport information servicesistheopenGoogl e Transi t E Feed,wBighésci ficat.i
used by Bay Area Rapid Transit (USA) to offer official schedules, fares and other data in the open

Google TransitE Feed(s&pecification (GTFS)
http://www.bart.gov/schedules/developers/open.aspx).

Even with the issues identified above, there are still initiatives to improve and introduce new

information systems. The i-Travel project (http://www.i-travelproject.com) is an initiative to identify

currently available services and build on those. Its objectives are to identify (intermodal) use

cases, perform stakeholder analyses, evaluate standardised technological and architectural

options for an i-Travel service platform, create organisational models and business tools, carry

out a feasibility and risk assessment and propose

The fAiconnected travellero should, in the future, b
aspect of his journeys: choice of destination, mode(s) of travel, departure time and route. If more
environmentally friendly travel options are attractive enough (e.g. in terms of costs, travel time,

comfort and the ability to work on a journey), travellers may opt for those options more often than

they would without the information. In the same way, it would become easier to plan freight

transport using the most efficient, environmentally friendly options (in terms of modes used,

freight traffic bundling etc.).


http://www.bart.gov/schedules/developers/open.aspx
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2.1.2 Assessment of ITS

GHG reduction potential
ITS have a number of different effects on the driving behaviour of individual vehicles and on traffic
flows. The mechanisms via which GHG emissions are influenced are diverse and can be very
difficult to assess, because often data with a high level of detail is required.
ITS can result in changes in the following:

0 number of kilometres travelled;

0 average speed;

0 speed variation/dynamics / changes in the amount of congestion;

o traffic composition.

Until very recently, the main aims of ITS were the improvement of traffic efficiency (reducing
congestion) and safety (accident avoidance and mitigation). However, some of the systems have
also been shown to reduce emissions, and in the ITS community there is a growing interest in the
potential of ITS to reduce environmental impacts of traffic. Table 2 presented several promising
systems. In addition to those, there are safety systems that reduce the number of accidents,
helping to reduce accident related congestion, which also benefits the environment. However, the
effect of solving congestion is very small, as only a few percent of all kilometres driven in the EU
is in congested conditions (accident related congestion as well as congestion by other causes
such as bottlenecks and road works. This is even true in countries with relatively severe
congestion problems, e.g. the Netherlands.

ITS aimed, purely, at reducing recurrent congestion have varying effects. If the ITS applied
reduces travel times or increases travel time reliability, it is likely that the positive effect of the
reduction in congestion is smaller than the negative effect of extra kilometres travelled (because a
route has become more attractive). l.e. the overall impact of the measure is negative in terms of
emissions reduction. One potential way of reducing this negative impact would be through the

congestion or road charging.

In general, ITS that help reduce the mileage (e.g. measures associated with road charging, Pay
As You Drive, fuel efficient routing) have a much larger impact on GHG emissions than those that
primarily reduce congestion (e.g. Emergency Braking, slot management). ITS that influence
driving dynamics on a large part of the road network can also have substantial effects (e.g. eco-
driving, adaptive cruise control). Measures that work very locally (e.g. green waves) do not make
a significant reduction to GHG emissions but can help improve local air quality and reduce noise
annoyance).

To illustrate the potential benefits of reducing the driving dynamics, figure xxx shows the
di fference in emissions betweené

For all but the highest average velocities, the measures to reduce vehicles dynamics, i.e.,
reducing accelerations and decelerations, will reduce the CO2 emissions, by 5% to 20%, for the
same powertrain technology. The measures can range from adaptive cruise control, to
intervehicle communication, to systems which prevent heavy trucks having to stop at junctions or
traffic lights. A single stop of a 30 ton truck adds easily a kilogram or more to the total CO,
emission.

6l ocking ind of the congestion reduction through
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Figure 6: Example of the relation between average velocity and emissions for different vehicle
dynamics

It has to be noted that many ITS have high potential impacts, which are difficult to reach in
practice. Some reasons for this are:
e systems can be difficult to implement (see discussion on barriers below)
e it can be difficult to reach the high penetration rates of systems needed (in particular for
cooperative systems)
o for high effectiveness of advisory systems, high compliance is needed

Availability of information about effects of ITS on GHG emissions

There are many ITS, and most have been evaluated in some form. However, many studies only
produce qualitative results. Furthermore, results from quantitative evaluation (mostly the effects
on traffic, but in some cases also effects on emissions) do not always provide a consistent
picture, as the effects of ITS are highly dependent on local conditions (with respect to for example
road geometry, weather, and driving behaviour). Only recently have monitoring systems and
models become available with which the effects of ITS can be quantified accurately.

Therecentstudyil mpact of | nformation and Communication Te
i n Road T(Klandes gt a.r2008) examined a broad range of ITS w.r.t. their potential to

reduce GHG emissions. In the analysis (based on available literature and scaling up of locally

found effects to the EU level), the potential to affect traffic parameters (km driven, speeds etc.) as

well as ease of implementation and expected level of compliance were assessed.

Figure @7 shows the most promising systems in terms of their potential effect on CO, emissions.

The potential CO, reduction is based on the maximum possible use of the system, i.e. a 100%

penetration rate of an in-vehicle system, or application on all suitable roads and areas.
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Figure 7 Ranking of promising measures on potential CO; effect (Klunder et al., 2009)

Potential CO2 effect EU27

Eco-driver Coaching
Eco-driver Assistancd
PAYD |
Platooning ]
coiace ——5
Fuel-efficient route choicde=——m
Dynamic traffic light synchronizatior}:l
Automatic engine shutdownm—/——1
Trip-departure planning (freighf:l
Tyre pressure indicato_:

Congestion charginé:l
Slot Managemeni]
Emergency Braking_
Lane Keeping-

0.0% 25% 5.0% 7.5% 10.0% 12.5% 15.0% 17.5%

Some systems expected to be promising at first did not make the selection in the figure above.
Intelligent Speed Adaptation (ISA) is an example. ISA systems face difficult implementation and
compliance issues. However, if ISA is implemented widely and drivers comply with the lower
speed limit (or are forced to comply, with mandatory systems), they can help reduce emissions
(see paragraph 6.3 in paper 8 (Lower speed limits for road transport)).

N.B. While some documents on the future of ITS are available, very few look beyond 2020 and if
they do, the descriptions of future systems are very generic and contain limited information on
GHG savings. Possible reasons for this are the fast developments in ICT and the uncertainty
around implementation.

Costs
The following costs need to be considered for the implementation and operation of ITS systems:
e hardware:
o0 infrastructure (e.g. sensors/monitoring devices, variable message signs,
computer servers, communication equipment)
o0 vehicle (e.g. sensors, actuators, HMI, GPS, communication device)
e software:
o algorithm / management & control strategies, software applications,
standardisation
e personnel:
0 e.g. service provider or traffic management centre personnel, maintenance
technicians
e PR/marketing

Infrastructural costs of ITS can be considerable (and installation may be costly as well). Costs
vary from system to system. For in-vehicle systems, the same can be said. Current prices for in-
vehicle systems range from a few hundred to thousands of Euros. Many of the systems that
became available over the past years will become much cheaper in the coming decades,
enabling more widespread use of advanced systems. However, new systems with high initial
costs will keep emerging.

Co-benefits

ITS that reduce GHG emissions are also likely to reduce noise annoyance. This is because
several ITS systems assist the driver to drive more smoothly and at more appropriate speeds.
ITS systems can also have positive effects on travel time reliability, safety and driver comfort.
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Infrastructural requirements

On the infrastructure side, ITS may require monitoring and data processing facilities, as well as
the development of applications that process data to generate traffic management and
information strategies. In the long term, the infrastructural requirements may decrease, when
more systems will rely on in-vehicle applications and vehicle-to-vehicle communications.

Barriers

A large number of stakeholders is required for the implementation, on a large scale, of more
advanced ITS. This means that there are complex organisational issues, legal issues (privacy
and others and furthermore, in some cases, high initial investments. Business cases are often
unclear (who pays for the system, who benefits?). This delays implementation and many systems
do not make it past the trial stage. These barriers are significant for stand-alone systems but they
are even more significant for cooperative systems.

Another issue is that not many quantitative impact assessment studies have yet taken place that
prove the impact of ITS in terms of GHG emission reduction. Suitable assessment methods are
scarce; however, more suitable modelling approaches are under development. In addition, it is
difficult to obtain data with the temporal and spatial resolution needed. When estimations of
effects for the EU level are needed, scaling up of results found under specific conditions or for
specific regions is difficult, as driving behaviour varies across Europe.

N.B. Several Field Operational Tests are taking place in 7" Framework projects, such as
SAFESPOT, CVIS, COOPERS, euroFOT, Tele-fot. Some of these projects consider environment
effects. Results are not available yet, but will be become available over the next years.

Uncertainties and main open issues

As mentioned before, the transport community expects ITS to be very effective in solving a range
of problems, including GHG emissions. ITS certainly offer many possibilities to manage traffic.
But the effects of ITS are not very clear yet. There is a need for reliable and accurate effect
estimations.

Whether ITS can meet the expectations in the future is hard to predict. Vision documents on
future ITS are very general and do not offer much insight into the real potential of ITS. If intelligent
transport systems are optimised for GHG emissions (for example Eco Driving Assistance, fuel
efficient routing, road charging schemes, access restrictions for inefficient vehicles), effects could
be much larger than with current ITS, but that might mean restrictions to travel that may not be
acceptable.

Many scenarios are plausible for the development of ITS. In optimum conditions, much progress
could be made within as short a time period as a decade. On the other hand, it may take
significantly longer. For example, satellite navigation systems took many years to reach the
current penetration rate, and a system like adaptive cruise control, which has been on the market
for years, still has a very low penetration rate.

2.2 Advanced transport systems

Rapid urban transport systems

Wikipedia gives the following definition of rapid transit (http://en.wikipedia.org/wiki/Rapid_transit):
"A rapid transit, metro(politan), subway, underground, or elevated (railway) system is an electric
passenger railway in an urban area with high capacity and frequency, and which is grade
separated from other traffic."

This definition includes 'traditional’ systems like the metro, (hanging) monorail. The more
advanced systems are called people movers or personal rapid transit.

People movers / Personal rapid transit

People movers are a fully automated form of rapid urban transport systems. Generally, the term
people movers refers to systems serving relatively small areas such as airports, theme parks or
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business districts. If the vehicles used are very small (seating 2 to 6 passengers), the systems
are called Personal Rapid Transit (PRT), which offers personal, on-demand non-stop
transportation (e.g. the ParkShuttle in Capelle, The Netherlands). Currently, these systems need
their own infrastructure.

New, flexible modes of personal rapid transport

In urban environments personal rapid transport could be attractive to a large number of travellers.
Travel patterns are very diffuse, and in many regions it is difficult to operate traditional forms of
public transport efficiently. There is therefore a need for relatively inexpensive, highly flexible
personal transport systems that bring travellers as close to their destination as possible.
Developments in information and communication technology can support the development of
such systems. Several types of systems are already available or may become available soon;
looking ahead to 2050 it can be expected that if these early versions of advanced personal rapid
transport systems are successful, they will be followed by improved versions.

Some examples of vehicles that could be used for advanced personal rapid transport vehicles
are:

e Cybercars

e The Segway

e small (buggy concept) cars

Given the current concerns about climate change and pollution, these systems would need to use
clean vehicles. Several are under development; some are already operational.

Cybercars are environmentally friendly road vehicles with fully automated driving capabilities. A
fleet of such vehicles forms a managed transportation system (a Cybernetic Transport System),
for passengers or goods, on a network of roads with on-demand and door-to-door capability. This
concept emerged in Europe in the early 1990's and was introduced for the first time in the
Netherlands in December 1997 for passenger transport at Schiphol airport. Since then, it has
been developed under a number of European projects such as CyberCars, CyberMove, EDICT,
Netmobil and CyberC3. New projects, also supported by the European Commission are now
under way: CyberCars-2 and CityMobil (based on text found on the Cybercars website at
http://www.cybercars.org/index.html and the projects'websites). Cybercars are a form of personal
rapid transport. Currently, they can only operate in low demand situations. Research projects are
looking at how Cybernetic Transport systems can operate in situations with more interaction
between vehicles. Cybernetic Transport Systems can be used in (urban) environments, to offer
frequent transport to many destinations that cannot easily be accessed by other models of
transport. for instance, it can replace cars on the last leg of a journey into a city centre.

A system like the Segway Personal Transporter is an even more flexible alternative for the
automated systems. Segways can be used for access- and egress transport (e.g. to and from a
train station). The Personal Urban Mobility and Accessibility Project (P.U.M.A. for short) seeks to
develop an electric vehicle based on the Segway Personal Transporter. It will be a self balancing
two-wheeled vehicle capable of reaching speeds of nearly 50 km/h. On a single charge, distances
of up to 50 km can be travelled. A lithium battery is used It is expected to be able to communicate
with vehicles around it (source: http://www.autoblog.com/2009/04/07/gm-and-segway-working-on-
new-balancing-2-wheeler/).

Some environmentally friendly small cars (or buggy concept cars) are also being developed, such
as the Mercedes-Benz F-CELL Roadster which has joystick control, a fiberglass body and
hydrogen-electric fuel-cell power (source: http://jalopnik.com/5183567/mercedes-f+cell-roadster-
hydrogen+powered-buggy-concept), or Fiat's Bugster, which will have an electric drive train and
body panels made from natural fibres (source: http://www.autoracingdaily.com/news/other-
motorsports/fiat-bugster-a-plug-in-electric-car/ and many other websites). If concepts like these
are coupled to the possibilities that ITS offer, many new and environmentally friendly concepts for
personal rapid transit are possible.
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2.3 Conclusions on intelligent and advanced
transport systems

Intelligent Transport systems (ITS) have the potential to substantially reduce GHG emissions
from transport. ITS covers all modes of transport but the emphasis tends to be on ITS for road
transport. Until recently, not many studies into effects of ITS on GHG emissions were available,
and much research is still needed to quantify the potential of ITS, especially of ITS that aim
specifically to increase fuel efficiency and reduce GHG emissions.

Recent research indicates that ITS systems can help reduce GHG emissions substantially. A
rough estimate based on (Klunder et al., 2009) would be a possible reduction of 15-25% (for road
transport), by reducing the number of km driven, and optimising and homogenising speeds. It has
to be noted that for this reduction to be realised, systems must be widely available and drivers
must accept the systembs advi @eedtplee.ciipsen)aridbeh r egar d
able to follow the instructions. The successful implementation of cooperative systems could
increase the benefits.

Apart from emissions in GHG emissions, ITS can also have a positive impact on travel time
reliability, safety, air quality and traffic noise.

There are significant barriers to be overcome. Field operational tests, financial incentives or
regulation can speed up the introduction of promising measures.

Finally, new, advanced transport systems such as discussed in paragraph 6.2 can introduce
additional flexibility into the transport system, helping travellers to choose the most
environmentally friendly modes of transport to reach their destination.
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3 Co-modality and modal shift

3.1 Introduction

Modal shift has been an important policy objective within the EU for many years. The objective

was first formulated in the Sustainable Devel opmen
2001a). In the review of the T&E integration strategy in 2001 and 2002 (European Council 2001;

European Council, 2002), the Council states that the modal split should remain stable for at least

the next ten years, even with further traffic growth.

Modal shift was also one of the main objectives in the EU White Paper on the Common Transport
Policy EuCDRP)eafm Transport Policy for 2010: Time to
proposes a number of measures aimed at the modal shift. Also in the mid-term review of 2006,

the issue of rebalancing the modes is still an important objective, but made more specific:

ishifts to more environmentally friendly modes
especially on long distance, in urban areas and on congested corridors. At the same time
each transport mode must be optimised. o

In these policy documents, the usual types of modal shift that are considered in freight transport
are from road to rail, inland waterways or short sea (short sea shipping). For passenger transport,
modal shift usually refers to a shift from aviation and passenger cars to rail, other types of public
transport and non-motorised transport.

During the last decade, the focus has shifted from policy directly aiming at modal shift to the
concept of co-modality. The latter aims at using the strength of each transport mode and
developing the intermodal connections to make this possible.

In this chapter we do not assess whether or not policy aiming at modal shift or co-modality is
desirable from a broad societal point of view, but rather focus on the contribution it could have on
reducing GHG emissions from transport. From that perspective, the primary concern is what
shifts between the market shares of the various transport modes could contribute to GHG
emission reduction. Therefore, we do not distinguish between co-modality and modal shift, but
just look at what changes in the overall modal split could contribute.

First we discuss modal shift in passenger transport: trends and projections in the modal split
(section 3.2), comparison of transport modes on their CO, emissions per passenger-kilometre
(section 3.3) and the potential and cost of modal shift (section 3.4). Next modal shift in freight
transport is discussed in a similar way in section 3.5, 3.6 and 3.7. Finally, section 3.8 gives an
overview of the conclusions on modal shift.

3.2 Trends and projections in passenger modal split

The observed trendsand 6 b u s i n e s sprogestions feruha mddal split of passenger
transport are shown in Figure 8. These graphs make clear that despite the existing policy, for
developments since 1990 and the projections for the next two decades, the volumes of private
road transport and aviation are increasing in absolute terms while the total volume of public
transport modes is more or less constant. The results is that the relative shares of rail and bus
are decreasing, while the shares of private road transport and aviation are increasing. So the
modal split is not moving towards rail and other public transport modes, bur rather the opposite is
happening.
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Figure 8 Projection of the passenger transport volume in EU-25
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The increasing share of passenger car can be explained by the (real and perceived) advantages
of private transport over public and alternative transport modes. Private transport is generally
perceived as faster, more flexible (in particular outside urban areas), more comfortable and
cheaper than public transport EEA (2006). Therefore, the main reasons behind the growing share
of passenger cars are:

0 Increased car ownership, particularly in the new EU member states.

o0 People need to combine tasks at increasing number of locations, driven by increasing
participation of women in the labour market and an increasing amount of time spending
to leisure activities. This asks for more flexible and faster means of transport which are
generally met better by private cars than by public transport.

0 The current transport costs structure (with high share of fixed vehicle costs rather
variable costs linked to transport usage) does not contribute to remove the perception of
private transport being cheaper than public transport. Car users generally only take the
additional fuel costs into account when deciding on a trip. As a result, in many cases
variable costs of car transport are lower than those of public transport.

0 Spatial development: in the outskirts of urban areas, where public transport is much less
accessible, accessibility to basic services by public transport, cycling or walking
decreases. This leads to more car usage and subsequent traffic bottlenecks around and
in cities. Hence, urban sprawl i the expansion of cities i could lead to greater car
dependency and usage.

Without policy intervention, these trends are expected to continue. Car ownership may slow down
because a saturation level is reached. A main driver will be the developments of average travel
speed of the various modes. The impact of speed is further discussed in section 4.2.

The share of rail transport has remained stable since 1996. However, the regular rail connections
have lost some share in favour of high-speed rail. Long distance rail transport competes with air
transport and the rise of low-cost carriers has made regular rail transport less favoured for longer
distances. Besides, international rail connections are still slowed down by border-crossings. High-
speed rail lines are developing quickly to better compete with air transport, but prices and speed
are decisive factors in the modal split. So high speed rail can only compete in cases where (door-
to-door) travel times are close to those of aviation and prices are also competitive.
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The growing share of air traffic is linked to a rapidly growing tourism industry and also an increase
in international business travels. The high growth of low cost airlines has also contributed. In
2001 the share of air transport declined for the first time as a consequence of the terrorist attacks
on the World Trade Centre in New York. Later, the war in Afghanistan and Iraq, and SARS added
to the decline. The crisis forced the carriers into fierce competition to accelerate the recovery of
the demand, and hence a hold to price increases. The number of flights declined in 2001 and
2002, but this decline was temporary in nature. In the period 2002-2004 the number of flights
increased by 7% (Eurocontrol, 2004). The current decline in air travel because of the economic
crisis may well be a temporary dip as well.

Walking and cycling are not included in Figure 8. In some cities, their shares are significant for
short distances, particularly in urban areas. Research has shown that the main drivers for
increased levels of cycling are the relative speed compared to other modes and the parking
capacity and level of parking fees (Rietveld and Daniel, 2004).

3.3 Comparison of passenger transport modes

The impacts of changes in modal split on the overall GHG emissions of passenger transport is
closely related to the differences in the carbon intensity of the various modes. A number of
studies and models attempt to make a comparison between the CO, emissions of different
transport modes. Some of these also project into the future. The TREMOVE model (T&ML, 2009)
estimates the average transport performance of the different modes and uses emission factors to
calculate the total CO, emissions and the emissions per passenger-km. The model makes
projections until the year 2030. Figure 9 shows the average emissions for 31 European countries
in 2030 for the most relevant modes. Note that the data are based on real life emissions of the
expected average vehicle fleet in 2030 and include A We | | To Tanko emissions.

Figure 9 Average CO2 emissions for various transport modes according to TREMOVE

CO, emissions per passenger-km in 2030

g
> 150
§ 100 -
%] ]
8 O T T - T T T
© 5 N @ S Q) & &
@ % e N S N o
© (QOQ J\G\o S 0 o\\gb &\S{b Q\(b'
& & &
< D
g

These projection do include some energy efficiency improvements in the various modes, like the
130 g/km targets for passenger cars. Additional energy efficiency increases in the longer future
could be expected (like impacts of 95 g/km on test cycle for new passenger cars from 2020,
hybrid buses or energy regeneration in rail transport modes). These improvements are not yet
included. Also for the non-road modes further efficiency improvements and shifts to low-carbon
energy carriers than included in the model, might occur at the long run.

CE (2003) showed that it is dangerous to compare just the overall average emissions of various
transport modes, since modes operate at different markets with different characteristics.
Environmental comparisons between transport modes only make sense for well-defined,
homogeneous and competing markets and for complete transport chains. If sound transport

17



Modal split and decoupling options EU Transport GHG: Routes to 2050?
AEA/ED45405/Paper 5 Contract ENV.C.3/SER/2008/0053

policy conclusions are to be drawn, moreover, analysis must move beyond the present to include
the anticipated future environmental performance of the various modes of interest.

It needs to be considered that different modes are relevant for travel over short or long distances.
For travelling short distances the public transport modes used are mostly limited by city/regional
buses, tramways, subways and local trains. Personal transportation can be undertaken by car,
motorcycle or moped or by zero emissions modes such as walking and cycling. For longer
distances coaches, intercity trains, high speed trains and aircraft can be used, while mopeds,
walking and cycling are unlikely.

Not only are some modes unpractical for long or short range transportation, the emissions can
differ with range. CE (2003 and 2008) provide data for 2000, 2005, 2010 and 2020, comparing
average emissions for relevant modes in short or long range transportation in the Netherlands.
The 2008 study, called STREAM, was commissioned by the Dutch Ministry of Transport and the
Ministry of Environment. The distinction between the ranges is especially important for car-
emissions. The average number of passengers for long distance travel by car is significantly
higher than for short range transportation (on average 1.74 vs. 2.88 in the Netherlands according
to CE, 2008). Also for rail transport, vehicle utilisation depends on the type of trains and distance.

The average emission per kilometre per person is considerably lower during long range transport
than during short trips. Figure 10 and Figure 11 show the CO, emissions for different modes and
travel ranges.

Figure 10  Average CO2 emissions for short range passenger transport modes according to
STREAM (including transport to mode access points)
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Source: CE Delft (2008)
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Figure 11 Average CO2 emissions for long range passenger transport modes according to
STREAM (including transport to mode access points)
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The main differences in approach between TREMOVE and STREAM are the distinction between
long and short range and the way in which transport to and from the modes access point is
settled. The differences in emissions resulting from long vs. short range transport mostly stem
from a difference in degree of utilisation. As mentioned above this has a profound impact on the
emissions (per passenger-km) of cars in the long range STREAM results.

Transport emissions from the trip to and from the access points (i.e. train stations and bus stops)
are accounted to the mode with which it is performed in TREMOVE, while STREAM accounts it to
the relevant public transport mode. For example if a trip consists of 10 km driving by car to the
nearest railway station, 60 km by train and 10 minutes walking to the destination, TREMOVE
would add 10 km to the transport performance by car and 60 km to rail and calculate the
corresponding emissions. In the STREAM approach the emissions of the 10 km by car would by
added to the emissions of the rail trip. The idea behind this approach is that transport users do
always make an entire trip, which, particularly in the case of public transport and aviation of
usually consists of a multimodal chain. When transport shifts from one mode to another, also the
transport to and from access points should be taken into account.

When comparing the two studies there are some modes that show a high degree of agreement,
but others that differ greatly. The emissions of personal motorised modes of transport (cars
mopeds and motorcycles) of TREMOVE and STREAM (short range) are in good agreement
considering that TREMOVE calculates a European average and STREAM is based on data for
the Netherlands. The CO,-emissions for aircraft are also in good agreement. The additional high
altitude greenhouse gas effects are not included in Figure 9, in Figure 11 they are marked CO,-
eq.

The results for Bus and Passenger train (TREMOVE) cannot be directly compared with STREAM
as the latter distinguishes more subtypes and transport ranges. Bus (TREMOVE) and Coach
(Long range STREAM) are more or less in agreement and so are Passenger train (TREMOVE)
and Intercity train (STREAM long and short range). The large differences between city/regional
busses and coaches within STREAM is particularly because of the difference in average
occupancy rates (13/14 passengers per city/regional bus compared to 38 passengers per coach).
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Metro results disagree. This is caused by a difference in average degree of utilisation and energy
mix of electricity generation. Because of these large differences between STREAM and
TREMOVE on metro, we also include here some adapt from other sources. The carbon footprint
of the London metro was estimated at 76 g/pkm (93 g/pkm when also the emissions from waste,
employees etc. are included) (Transport for London, 2009). In this report, also a comparison with
other metros in the world is included, which is shown below. This overview confirms the wide
spread in CO, emissions from metro. Most metro systems show CO, emissions between 40 and
100 g/pkm. The two metro systems with the lowest CO, emissions are Paris and Tokyo, which is
because of the high share of nuclear power generation in France and Japan.

Figure 12 Average CO2 emissions per passenger-km of metro systems around the world
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The sensitivity to the degree of utilisation is dramatically apparent in Figure 10 and Figure 11. The
emissions of personal motorised modes in the case of hon average occupancy are indicated by
the coloured shapes. A passenger car with four people in it can compete with all but the most
advantageous public transport modes, while a car with only one occupant performs badly indeed.

With a degree of caution the results from the two studies can be summarised as:

1. Car and motorcycles emit more CO, (per person-km) than most public transport modes
but this is highly dependant on the degree of utilisation.

2. Public transit by rail outperforms that by bus with the exception of long range coaches.

3. When all emissions of a trip are accounted for, the difference between modes is not that
great, except for walking and cycling and public transport modes in cases they have high
average occupancy rates.

4. Emissions of travelling by aircraft are far greater than those resulting from travelling by a
surface bound mode especially when all greenhouse gas effects are included.

Similar results can be obtained when comparing modes using present day trip based studies
such as ECOpassenger (UIC, 2008) and (CIT, 2001).

From these results a rough estimation of the differences between transport modes can be
estimated. Short range road transport dominates the transportation performance (see Figure 8). A
shift from road to rail or tram/metro would therefore be most relevant. Another shift that may be
advantageous is that from aviation to high speed rail.
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Table 3 shows the reductions that could be obtained due to these shifts according to TREMOVE
and STREAM.

Table 3 Indication of average reduction of modal shift with different assumptions
Reduction CO,
emission
short range* STREAM | TREMOVE
Car to IC train 60% 67%
Car to metro 28% 93%
long range*
Car to IC train 31% 67%
Air to High speed train** 76% 78%

* TREMOVE does not make the distinction
** TREMOVE does not have High Speed trains, regular trains used

Both STREAM and TREMOVE base their projections on business as usual scenarios (SE).
STREAM assumes some (autonomous) improvements such as 130 g/km CO, for cars in 2020
and a yearly 0,75% efficiency improvement for aviation (see STREAM). Neither model takes into
account possible ambitious climate policies or technical improvements with a large impact.

In the more distant future (>2030) all passenger transport modes are expected to become
cleaner, safer and more fuel economic. However few assumptions can be made as to the nature
of these improvements. If decarbonisation is the objective the electric rail modes have a strong
advantage. If all the electricity used is sustainably produced the CO, emissions drop to almost
zero. For the other modes a suitable carbon-neutral energy carrier is as yet unavailable and may
require large changes in vehicles and distribution infrastructure.

A large increase of the share of aviation on the medium to long distances is predicted but whether
this will occur depends, among others, on policy and oil prices.

One possible approach to estimate the effects on the long term is to assume that the autonomous
improvements in vehicle performance as estimated in STREAM and TREMOVE can be extended
to 2050. This will cause the emissions of personal vehicles (cars) to decrease more rapidly than
the large capacity public transport modes. The overall effect is that the emissions (per passenger
km) of all modes will decrease and the differences between modes will become smaller, hence
diminishing the potential of modal shift.

A more technical approach takes into account the projections for all different modes. However
such a comparison is not available from literature.

Besides the changes in CO2 performance of the vehicles of the various modes, also
developments in vehicle occupancy rates are a decisive factor in the differences in carbon

intensity between transport modes. The impacts of modal shift to public transport modes with
average utilisation is very different from a shift to public transport with high occupancy rates.

3.4 Potential for modal shift in passenger transport:

In the previous paragraph (Table 3) the raw potential of modal shift (the amount of CO, emission
saved by changing from one mode to another regardless of practicality) was discussed.

Short range transport by car dominates the performance so a shift from car to rail and slow
transport modes (walking and cycling) are the most relevant. An optimistic potential for the shift
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from road to rail is 60-70 % emission reduction per passenger-kilometre. A less optimistic
potential taking into account a longer range shift or a shift from car to metro (STREAM) would be
30% reduction due to the shift. These reduction rates are highly dependent on the efficiency
improvements that will take place in the various transport modes as well as the developments in
vehicle utilisation. Both are very uncertain, particularly for the period beyond 2020.

A shift from road to rail may not be possible or convenient for all trips. An estimation of the

potential magnitude of shifts is needed to calculate the true potential. Road to rail modal shift

potential was estimated by (ETC, 2008). Calculations could only be made for long range transport
(between NUTS 2 regions). This is not the same as
STREAM fil ong ranged most | yadalikconnmute besveen BUTHA Lt er s whi |
regions is common.

To estimate the potential, four assumptions were made by ETC (2008):
1. Preconditions for rail infrastructure in all regions are upgraded to the level of
highly populated areas
2. Travel time by train is equal or better than by car
3. Travel costs by train are better or equal than by car
4. On any specific line the capacity cannot be more than doubled by 2030

According to these assumptions the share of rail in long range passenger transport can increase
from 10% to 17% of the transport volume of road and rail transport. This increase is assumed to
be feasible by 2030 albeit with considerable effort.

In the long term (2050) the maximum potential might be estimated by disregarding the fourth
assumption. In this case the maximum potential share increases from 17% to 33% of the total
road and rail transport volume.

In the text box below, a rough estimation is made for the overall reduction potential of modal shift
from road to rail in passenger transport. It ranges from 21 14% of the business as usual CO,
emission from passenger road plus rail transport. It depends on the assumptions and only holds
when the conditions mentioned above are met. In this paper we do not further discuss the policy
and investments that would be required for such a modal shift; this is to be covered in one of the
papers on policy instruments, however it is obvious that meeting the four requirements listed
above would require huge policy interventions.

Exemplary calculation of the total potential

From the reduction potential of a shift from road to rail and the maximum possible increase in
the share of rail in the personal transport performance a (very) rough estimate can be made of
the total reduction potential. We assume the total increase in rail transport to be 33-10% =
23% of the total passenger transport volume by road and rail and the reduction potential of the
shift from road to rail to be 60%. Because the share of road transport in passenger transport
demand roughly equals its share in the related CO, emissions, the total CO, reduction
potential can be calculated as:

23% * 60% = 14%

Hence a maximum reduction of roughly 14% CO, reduction of road plus rail emissions is
possible by modal shift from road to rail.

A less optimistic view would be to assume that the share increases to 17% and the reduction
of the shift is 30%. The total reduction potential would then be:

(171 10) * 30% = 2 %

The less optimistic approach would result in a reduction of only 2 %
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These estimates do not include other types of modal shift in the passenger transport market. The
potential of a shift from aviation to rail depends heavily on the share of the expected air transport
volume in 2050 that could be subject to such a shift. We have not found any projections for this
potential. As an example, if 20% of the volume could be shifted and carbon intensity of rail would
be 80% lower, the CO, emissions of aviation could be reduced by 16%. If in 2050 aviation would
be responsible for 25% of GHG emissions from passenger transport, this would correspond to a
4% emission reduction of GHG emissions of passenger transport.

A third type of modal shift that may be of interest within the passenger market is shift to slow
transport modes. This is particularly possible for short distance transport. To give indication, in
the Netherlands, 15% of all passenger-kilometres was made on trips of less than 7.5 kilometre
(CBS, 2009). The share of these trips that may be shifted to slow modes may in theory be very
high, in practice it is more limited. However, hybrid types of vehicles like electric bicycles may at
the long run well gain a significant market share in short distance transport. For the potential of
modal shift to cycling and walking on European scale, no estimates were found. In dense urban
areas this potential is usually higher than in rural areas, because:

o Economy of scale advantages in densely populated areas for public transport modes;

0 Shorter distances make that also slow modes can be a true alternative to motorised

transport.

3.5 Trends and projections in freight modal split

The trends and projections of the modal split of freight transport are shown in Figure 13. This
graph makes clear that, like for passenger transport, both the developments since 1990 and the
projections for the next two decades are an increasing share of road transport and decreasing
shares of rail and inland waterway transport.

Figure 13 Projection of the goods transport volume in EU-25
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This graph does not yet include the impact of the recent economic crisis. The crisis has a
dramatic effect on freight transport volumes at the short run, but is also expected to have
significant impacts at longer run (Fraunhofer-1SI, 2009). However, this crisis hits all transport
modes and there is no evidence that it will affect the modal split at the long run.
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EEA (2006) made an assessment of the freight transport trends and gives the following
explanations:

0 Road transport was able to take more advantage of the dismantling of trade barriers than
rail transport was. Consequently, road transport becomes more competitive compared to
rail transport with regard to international transport.

0 The road sector is liberalised to a great extent (resulting in decreasing transport prices),
while the inland waterway and rail sectors have only relatively recently been opened up
for broad competition. In addition, the privatisation of railway companies has resulted in a
cutback of tracks and higher transport prices, since transport revenues should fully
compensate for costs now.

o Changing production structures (e.g. -ia-utsourcin
timed delivery of goods. Transpordtimpogameed and f|I
Despite congestion, road transport is often faster and more flexible than rail or water
transport.

0 The type of the goods transported plays an important role in mode choice. Perishable
and high value goods require fast and reliable transportation i road transport is often the
fastest and most reliable form of transport available, providing much flexibility with pickup
and delivery points. On the other hand, the transport of bulk goods is less time
dependent, and so for this type of goods the cheaper transport forms i rail and inland
waterways 1 are preferred. Since the share of perishable and high value goods is rising
in total tonne-kilometres, this can partly explain the strong position and increasing share
of road transport.

o Due to changing spatial planning and infrastructure development, many destinations can
only be reached by road and combined transport is only practised to a limited extent.

0 The average tonne of goods carried by road travels about 110 km, a distance over which
rail or inland waterways can hardly compete, in particular if road transport is needed to
and from the points of loading. Moreover, there is a lack of standardisation of loading
units and convenient and fast connections between inland waterways and rail. For short
sea shipping the average tonne of goods is carried over 1430 km. Here, time is less an
issue. The low price of shipping is probably of overriding importance.

3.6 Comparison of various freight transport modes

As is the case with personal transportation a number of studies and models attempt to compare

the CO, emissions of freight transport modes. Both the TREMOVE model (T&ML, 2009) and

STREAM (CE, 2008) project into the future and estimates the CO, emissions per ton-km.

TREMOVE projects until the year 2030, STREAM until 2020. Figure 14 shows the average

emi ssions for 31 European countries in 2030 esti ma
To Tanko diguresls to Bigue 18 give the results of STREAM.

Figure 14 Average CO; emissions for various freight transport modes according to TREMOVE
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CO, emissions per tonkm in 2030

CO2 (gram/ tonkm)

350

300

250

200

150 l

100

g N —

heawy heawy heawy
duty truck duty truck duty truck duty truck
3.5-7.5t  7.5-16t 16-32t

inland
ship

freight
train

Figure 15 Average CO; emissions for short range bulk freight transport modes according to
STREAM (including transport to mode access points)
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Average CO; emissions for long range bulk freight transport modes according to
STREAM (including transport to mode access points)
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Figure 17 Average CO2 emissions for short range container transport modes according to
STREAM (including transport to mode access points)
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