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EXECUTIVE SUMMARY

The project FANTASIE (“Forecasting and Assessment of New Technologies and
Transport Systems and their Impacts on the Environment”) aimed to identify new
technologies and lines of technological development which can be expected to affect
European transport systems in line with the objectives of the Common Transport Pol-
icy (CTP).

FANTASIE was derived from the need for European level Technology Assessment
(TA) and Technology Forecasting (TF) activities. National activities in some EU
member states are relatively well developed, but a Europe-wide perspective that
takes account of regional differences and the CTP objectives does not yet exist.

Background

Technology is an important factor in the performance of transport systems. Speed,
comfort, safety and environmental impacts, all are determined by the technology ap-
plied. The FANTASIE project tried to identify those technologies which could improve
such impacts. Secondly it was the objective to develop policy options to stimulate the
“‘most desirable” technologies. Nevertheless it must be recognised that technology is
not a goal in itself, it functions within and is dependant upon organisational frame-
works, demand, regulation, etc.

Objectives
The key objectives of FANTASIE have been:
¢ identification of new technologies (evolutionary and revolutionary) and lines of

technological development which are expected to have a major impact on trans-
port systems in the EU and the attainment of EU's CTP aims;

e development and validation of methods of assessment which enable the scale of
this impact to be forecast and quantified;

e assessment of new technologies with respect to their environmental, safety, effi-
ciency and socio-economic impacts, their market potential and cross cutting is-
sues; and

e evaluation of how technologies could affect the attainment of CTP objectives, and
the policy levers available to influence the outcome.

Methodology

The FANTASIE approach, which centres around an extensive data collection inte-
grated and evaluated by the team together with experts, stakeholders and policy-
makers, was developed according to the following structure:

¢ a six-level model of the transport system: 1) base technologies, 2) components, 3)

applications within the transport system, 4) vehicle concepts (VC), 5) transport
concepts (TC), 6) transport system;

e four exogenous scenarios: BAU business as usual, UG unrestricted growth, SG
sustainable growth, SB sustainable balance;
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o five problem areas: urban passenger transport (UP), urban freight transport (UF),
rural passenger mobility (RP), interurban passenger transport (IP), interurban
freight transport (IF); and

e four time horizons: base (1995), short run (2005), medium run (2020), long run
(2030).

The methodology was to build the specific assessments where feasible by a bottom-
up approach from lower levels up to higher levels (TCs and transport system). This
was followed by a review aimed at identifying critical elements at lower levels which
contribute significantly to the impacts. The approach makes it possible to provide at
the end, in suitable output formats, the information on TCs and technologies that
promise to be most important for improving the future performance of transport sys-
tems.

The specific assessments follow a base framework which addresses the different
TCs in a given problem area for the four time horizons (1995 base, 2005 short run,
2020 medium run, 2030 long run) in the four scenarios. The TC assessments start
with an analysis of different categories of impact, and identify the impact determi-
nants and expected impact signs and levels. This was based on a structured analysis
of results from earlier FANTASIE work. In a subsequent stage the FANTASIE part-
ners developed their overall assessment. The assessment includes a descriptive part
and a quantitative stage based on the development of impact profiles. An impact pro-
file is the impact level according to either a conventional numerical scale or a quanti-
tative physical measure, over the FANTASIE time frame in a given scenario. The im-
pact profile methodology can be applied to any impact category and allows for a con-
cise and diagrammatic format of results presentation. The internal TC assessments
were complemented by expert external review.

The integration of the specific assessments has provided a selection of the most
promising and robust TCs and technologies. The integration included an analysis in
four stages on a problem area basis plus a complementary analysis, in parallel, on
technology and cross cutting issues. The first stage of the main analysis was aimed
at assessing TC market shares. The second stage provided the impact assessment
at transport system level for each problem area. The third stage aimed at identifying
problems and opportunities arising from developments in the EU transport system. In
the fourth stage, TCs, vehicle concepts and technology options which are expected
to make a significant contribution to the policy problem or benefit have been high-
lighted.

Building blocks for assessment

Technology survey and forecast (level 1-3)

An initial assessment of potential technological developments which are significant in
terms of the objectives of the Common Transport Policy (CTP) has been provided. It
was based on authoritative and independent review documents, rather than special-
ised and potentially biased reports on particular technologies. Much of the available
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information is at the level of technology applications — this was complemented later in
FANTASIE by assessment work at the level of transport concepts and systems.

Information has been organised according to groups and bundles — propulsion sys-
tems, vehicle design, materials, information interface, and infrastructure — of tech-
nologies, and assessed using a policy-oriented framework of issues.

Vehicle concepts and technology trajectories (level 4)

Findings on vehicle concepts which are expected to have major significance for fu-
ture European transport to the year 2030 have been presented. It was based on sub-
stantial contacts with external contacts, especially within the vehicle supply industries
and vehicle operators, together with documentary research. It identifies the outlook
for market penetration by different vehicle technologies, key consequences (envi-
ronmental, safety, efficiency and socio-economic) and any policy implications.

Transport concepts, systems and scenarios (levels 5-6)

An attempt has been made to determine the extent to which transport concepts and
systems could be used in the future. First, Europe-wide workshops defined (new) in-
tegrated transport systems based on the preferences of users. Based on existing
knowledge, other DG TREN (DG VII) projects and previous studies, a demand as-
sessment was then performed for all transport concepts. The future is uncertain and
to deal with this, the forecasts were based on four possible future scenarios. Each of
these scenarios is predicated upon two groups of variables: economic dynamism (a
society is either characterised by high or moderate economic growth) and the impor-
tance of sustainability (a society either attempts to pursue an environmentally sus-
tainable path; or does not).

For the scenarios this means that several different economic growth figures are as-
sumed. The scenarios characterised by high economic growth are associated with a
greater growth in transport demand, whereas in the sustainable scenarios a de-
coupling of economic growth and transport demand occurs.

Demand forecasts have been made using elements of both aggregate and disaggre-
gate approaches. The aggregate part is based on the past relationship between in-
come and transport demand, as well as views of how this might develop over the
next 30 years. In practice this means the use of vehicle and transport concepts,
which are subdivided between passenger and freight transport and assessed for dif-
ferent market segments. A second aspect of the disaggregate approach is that total
transport demand is not assessed for the E.U. as a whole; it is based at a national
level. As a final step, the demand assessment was systematically reviewed by Euro-
pean experts and up-dated.

Assessment

Following an extensive assessment of technologies highlighted in the survey and
forecast phase, a smaller set of technologies with key impacts in the areas safety,
environment, efficiency and socio-economics has been identified.
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General key technologies

Fuel cell (methanol reformer, multi-fuel, direct methanol, depot reformation); hybrid
propulsion; advanced conventional propulsion; advanced diesel; tiltrotor; electric and
hybrid systems; defrosting/de-icing systems for aircraft; lightweight materials and
structures; and improved aircraft engines.

Key telematic technologies

Combined on-board emissions and engine management; multi-modal traveller infor-
mation/trip planning; dynamic route planning; in-vehicle traffic information; electronic
tolling; navigation; traffic control; parking management; automated driverless trans-
port; anti-collision systems; smart card; drive-by-wire; vision enhancement; autono-
mous intelligent cruise control; fleet management; integration of information tech-
nologies with GNSS; rail traffic management for long-distance passenger and freight;
lane keeping; and driver monitoring.

Key intermodality technologies

Multi-modal traveller information/trip planning; parking management; fleet manage-
ment; unitised packaging systems; transferia; cargo handling; automation, disposition
& control technologies (1&C); transhipment (incl. terminals); and container (in combi-
nation with 1&C).

Many new technologies have positive or negative impacts simultaneously for more
than one assessment area and with a great variety of impact areas. Hence a synthe-
sis was done to highlight only the most important impacts.

The dimensions of this neutral assessment view are:

e three time horizons, short-term (S) 2005, medium-term (M) 2020, long-term (L)
2030, baseline year 1995;

¢ four exogenous scenarios, BAU, UG, SB, SG;

¢ five problem areas, urban, interurban and rural for passenger and urban, interur-
ban for freight;

e 23 vehicle concepts as described in the abbreviation list;
e 13 passenger and 10 freight transport concepts as described in the abbreviation
list; and

e market potential, low (L) below 30%, medium (M) between 30% and 50%, high (H)
above 50%.

There are only few technologies having key positive impacts in more than one spe-
cific assessment area but others often serve many vehicle and transport concepts
with a medium to high market share.

o Of likely benefit for all impact areas are the group of telematic technologies —
these have indirect positive impacts on the environment and socio-economic is-
sues as well. Robustness of positive impacts can directly be seen where technolo-
gies have multiple relevance in the different scenarios. Initiatives are needed to
achieve the setting of standards, and to guarantee early interoperability of a great
variety of systems and services.
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e Fuel cell propulsion may be based upon several different fuel and technology
combinations, depending upon rate of technological development, fuel availability
and infrastructure development. There is uncertainty over the impacts that may be
expected from each of these combinations. Full life-cycle analysis is required to
fully appreciate the contributions of fuel production and distribution on resource
use and greenhouse gas emissions. There is less doubt that fuel cells will lead to
very significant improvements (>90%) in local emissions of key pollutant species.

Fuel cell technologies are expected to be significant in almost all scenarios and
with many different vehicle and transport technologies. They are expected to have
the most positive impacts on greenhouse gas emissions and air quality, and will
deliver improvements to nuisance (mainly urban traffic noise).

Fuel cells are expected to show a 50% improvement in fuel efficiency in 2030
compared to conventional petrol in 1995. Fuel cell technologies still require a lot of
R&D to become more economically viable, and to guarantee equity in transport
access.

¢ Hybrid propulsion is also expected to play a significant role in the medium term,
and to become an important core technology connected to fuel cell deployment.
Whilst enabling significant reductions in resource use and therefore greenhouse
gas reductions, hybrid drive technology (for all-purpose cars, buses and possibly
freight vehicles) will allow zero emission operation of these vehicles within urban
areas, where air quality improvements are of the highest priority. Nuisance im-
pacts will also see remarkable improvements in slow-speed urban operations.

e Multi-modal traveller information/trip planning. Providing traveller information
over several modes of travel is highly beneficial to both the traveller and the ser-
vice provider. Enhanced information about intermodal connections will reduce de-
lay at intermodal facilities and improve accessibility. For passengers, better infor-
mation about transfers means less delays in waiting for transportation services
(e.g. transit bus, shuttle, transit van) and reduced uncertainty about making con-
nections. For passenger transport positive impacts are also expected, especially
as regards the efficiency of public services like demand responsive systems and
car-pooling. The market potential is anticipated to be high.

o After performing pilots/demos the wider transfer uptake of and access to the in-
formation systems needs to become the focus of European policy.

o Critical problems for the wider uptake exist in information handling (including
data protection, information exchange among competing parties) and interface
standards between different systems, on-board devices, etc.

e All-purpose car. Among all vehicle concepts, the all-purpose car is expected to
show the most significant impact improvements. Reduction of air quality impacts is
expected through slow turnover of the fleet to advanced conventional diesel tur-
bine engines. Improvements are likely under all scenarios, but especially under
BAU and the growth scenarios. All passenger problem areas will be affected
across all time horizons. Advanced conventional propulsion systems, followed by
hybrid and fuel cell propulsion will be the most significant technologies, combined
with other vehicle improvements (weight, friction and aerodynamic drag reduction)
over the time period.

For all scenarios an increase of construction costs is expected, in particular as re-
gards the alternative propulsion systems. For all alternative propulsion systems a
cost reduction is possible if considerable R&D investment are made in order to
solve the technical and organisational problems related to the implementations of
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such technologies and their widespread diffusion on the market. Nevertheless,
without financial incentives the cost for the user of such vehicles will remain con-
sistently higher.

¢ Tiltrotor technologies enable significant advances in rotorcraft technologies and
are likely to establish a niche market. With the combined functionality of helicop-
ters and fixed wing aircraft, these vehicles will allow significant fuel savings as well
as considerable noise reductions. Both these impacts currently restrict helicopter
deployment, especially within urban zones. Tiltrotor vehicles are the only remain-
ing monopoly of the US aircraft industry. A European uptake complements global
competitiveness.

e Modern airships are likely to create a niche market for heavy and bulky loads with
important indirect benefits in reducing congestion. In addition, they could start a
revolution in the construction sector by allowing high quality factory manufactured
big modules to be brought to their final destination within cities and outside.

¢ New systems for personal rapid transit. Research on new systems for personal
rapid transit has been done over the last years already. Now a wider uptake is
needed. It could benefit from a better knowledge transfer, based also on the as-
sessment of pilots and demos, but the main problem for such new systems must
be seen in financial barriers and in a mismatch with the dominant public transport
technologies. In the implementation of the new regulatory frameworks for a liberal-
ised transport system, the specific conditions that would favour the uptake of such
new personal rapid transit systems should be taken into account.

¢ Road trains. Currently road trains are not explicitly considered in European tech-
nology policy. The timely establishment of safety regulations could help speed up
their introduction, i.e. assuming that in general the use of road trains, be they me-
chanically or electrically coupled, finds widespread support and acceptance. Moni-
toring experiences with road trains and their assessment would then be needed,
especially to evaluate their benefits in comparison with rail transport.

After the assessment a final forecast was performed and a forecasting process was

developed to provide projections of the future market shares of passenger and freight

TCs in the different problem areas based on a model of users’ preferences. Both the

urban and interurban areas have been addressed for passengers. The interurban

area has been addressed for freight.

Recommended policy options

Policy options can be generic, trying to improve the conditions for innovations or spe-
cific to support certain selected technologies. Some experts on technology policy pre-
fer generic policy options because they create an environment in which barriers have
been removed and innovation is more rewarding. However, the realisation of specific
technologies often require changes in legislation and regulation. Generic policy
measures are not sufficient and specific barriers have to be removed. In most cases,
specific technology policy implies that a government chooses a technology and, at
the same time, may neglect other competing technologies.
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Therefore, generic policy options should be considered in all cases, such as:

Standardisation

This is an important factor in the innovation process. The optimal use of standardi-
sation is still a subject of further investigation, e.g. the best timing and co-operation
with other countries. Active European involvement in international standardisation
is necessary.

e Stimulation of R&D
Next to the existing European R&D programmes, one could think of other ways
to stimulate R&D by giving financial incentives for innovation that is initiated by
the private sector.

e Knowledge management
¢ Infrastructure development
e Regulation and planning

e Legislation

¢ Pilots and demonstrations
e Networking

Specific options based on selected technologies and a focus of attention for the EU
can be clustered in certain policy packages, i.e. sets of measures aimed at the intro-
duction of selected technologies in specific sub-domains of transport, such as:

A propulsion package aimed specially at regulations and adjustments of existing
policy to enable the fast introduction of new propulsion technology.

Urban package, to stimulate R&D and pilots in towns and exchange of experi-
ences.

Intermodality: measures to support R&D and pilots and to stimulate organisations
that have an intrinsic interest in intermodal solutions.

Aeronautics: aeronautics has the first truly European industry, which receives al-
ready much attention from the EU. Bottlenecks to be solved are in the ground
based systems and air traffic management.

Rail: this application domain should be stimulated to develop and apply new tech-
nologies especially for urban transport.

Navigation and travel information could be helped by a role playing of the EU with
respect to standardisation and interoperability and regulations to make travel in-
formation an exploitable product.

Traffic management, communication and payment: the interactive technologies
that support the execution of measures for the CTP goals, such as infrastructure
pricing. Common standards have to be stimulated by the EU.

Conclusions

The most important and promising technologies that emerged from a large-scale
technology assessment are for the majority already subjects of attention in the Euro-
pean policy context. That means that the technology assessment supports to a great
extent the main existing European policy lines, but shifts the emphasis in terms of the
most promising technologies to focus on, and the types of policy roles to adopt. An
important result of the study is the concentration on a limited number of technologies.
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Of course, the result of the selection process has partly a transient character, since in
technology — and especially in information technology — changes come very quickly.
This indicates that the validity of the current assessment results will need to be up-
dated after some years.

The European policy packages address problem areas that have already attracted
the attention of European policy makers. However, the focus on the most important
technologies within these areas can help make existing policy programmes more ef-
fective in terms of their impact during the innovation process. By enabling the defini-
tion of clearer objectives and roles that are compatible with the innovation phase of a
promising technology, the co-ordination of policy programmes (transport, technology,
energy, etc.) should become easier.

The FANTASIE project has mainly followed a bottom up approach for technology as-
sessment in order to suggest technologies to policy. However, government also
needs to select the best role for policy in a contingent way and to change roles if the
conditions, e.g. the phase of the innovation process, require it. This flexibility in terms
of policy roles is crucial to ensure the continuity of policy involvement during the most
critical phases of the innovation process and to avoid R&D projects ending without
tangible change in the transport system. The FANTASIE studies also confirmed that
innovation policy needs to incorporate a strategy for the diffusion phase of a technol-
ogy and the phasing out of policy support.

The FANTASIE project has been very broad: it dealt with all modes and all possible
technological innovations. Furthermore, the active involvement of stakeholders and
users of the transport system has been limited. Therefore the character of the policy
options coming out of this project is still generic and for specific technologies rather
superficial. Suggesting detailed policy strategies for individual technologies and
packages would require a more detailed analysis first. Nevertheless, a number of ge-
neric recommendations can be drawn for European innovation policy in the transport
field. First of all, practical policy measures on a European scale have to match na-
tional actions and the interests of trade and industry, and policy push and market pull
have to be co-ordinated. That means that European and national policy makers,
stakeholders from trade and industry and users should co-operate in an interactive
constructive process to develop effective policy measures.

Secondly, these measures should first of all be aimed at the realisation of policy
goals with technological means, where for most transport concepts the choice of the
most appropriate technology should be left to the market, the technology providers
and users. A top-down choice of a winning technology often leads to sub-optimal so-
lutions. However, in cases where market forces are not likely to deliver socially desir-
able solutions, it may be necessary to implement targeted, but clearly limited support
action to overcome such social dilemmas. In other words, an important objective of
innovation policy is to make sure that a variegated portfolio of technology options is
kept under development in order to be prepared for changing context conditions, as
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reflected in the study’s scenarios. The recent development of oil prices shows how
important it is to have options available that may not be advanced further by indus-
trial research due to their uncertain perspectives.

In both these respects, the development of efficient and effective interactive proc-
esses on a European scale in which stakeholders and users are involved is crucial,
thus representing one of the challenges for a European technology policy for trans-
port.
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1. INTRODUCTION

The project FANTASIE (“Forecasting and Assessment of New Technologies and
Transport Systems and their Impacts on the Environment”) aimed to identify new
technologies and lines of technological development which can be expected to affect
European transport systems in line with the objectives of the Common Transport Pol-
icy (CTP).

FANTASIE was derived from the need for European level Technology Assessment
(TA) and Technology Forecasting (TF) activities. National activities in some EU
member states are relatively well developed, but a Europe-wide perspective that
takes account of regional differences and the CTP objectives does not yet exist.

1.1 Background

Technology is an important factor in the performance of transport systems. Speed,
comfort, safety and environmental impacts, all are determined by the technology ap-
plied. The FANTASIE project tried to identify those technologies which could contrib-
ute to improvements in impacts like safety, environment and efficiency. Secondly it
was the objective to develop policy options to stimulate the “most desirable” tech-
nologies. Technology is not a goal in itself, it functions within and is dependant upon
organisational frameworks, demand, regulation, etc.

1.2 Objectives
The key objectives of FANTASIE have been:

¢ identification of new technologies (evolutionary and revolutionary) and lines of
technological development which are expected to have a major impact on trans-
port systems in the EU and the attainment of EU's CTP aims;

¢ development and validation of methods of assessment which enable the scale of
this impact to be forecast and quantified;

e assessment of new technologies with respect to their environmental, safety, effi-
ciency and socio-economic impacts, their market potential and cross cutting is-
sues; and

e evaluation of how technologies could affect the attainment of CTP objectives, and
the policy levers available to influence the outcome.
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1.3 Structure of FANTASIE

DEFINITION

User / policy requirements
Methodology requirements
Assessment framework
Process design

N

e Technology Survey
e Technology Watch
e Technology Forecast

TECHNOLOGY ANALYSIS / FORECAST

METHODOLOGY ANALYSIS
e Assessment tools
“—le Technology watch tools
e Market penetration tools

Milestone 1: New technologies of major impact [\ /

INPUTS FOR ASSESSMENT

e Characterisation of technologies
o Definition of transport systems

e Scenario definition

European Transport system(s)

Milestone 2: Descriptive model(s) of future

A

A

CHoOICE OF ASSESSMENT METHODS

AND TIME HORIZONS

<&

<

A

EVALUATION OF
METHODS

ASSESSMENT
e Safety
e Environment
o Efficiency
e Socio-economic
e Synthesis
Milestone 3:
e Methods of assessment to quantify <
impacts of new technologies
¢ Potentials of new technologies
PoLicy SYNTHESIS
e CTP

¢ Policy Options

l

DISSEMINATION

Milestone 4: Options to support the
introduction of new technologies

Figure 1.1: The FANTASIE project logics

In the following treatment of FANTASIE activities the reader will be given additional
cross reference on more in-depth information at the end of each section. A reference
to worthwhile material (i.e. available project deliverables) for further investigation into

a specific topic is highlighted as in the example below

O D9 "Forecast of new technologies with major impacts"
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Throughout the entire document D is used as an abbreviation for deliverable. For
specific abbreviations you may always refer to the attached "Glossary of terms and
abbreviations".

For a comprehensive overview on deliverables produced by FANTASIE please con-
sult Annex C. Several documents with the status "public" have been subsequently
made available via the project homepage which is accessible at

http://www.etsu.com/fantasie/fantasie.htm

General information on the project's objectives and scope, together with contact de-
tails can be found on the Transport RTD Programme site of the Cordis web server

http://www.cordis.lu/transport/src/fantasie.htm

Acknowledgement

The FANTASIE project team would like to thank all experts, stakeholders, policy
makers and professional people who did contribute to this comprehensive coverage
of strategic transport aspects. In particular the project's in-depth data gathering
phase comprising all major transport sectors — laying the groundwork for the later
complex forecasting and assessment work — would have been impossible without
numerous invaluable external contributions, feedback and communication.
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2. DEFINITION

This stage of the project was dedicated to the identification of a policy and user ori-
ented approach, and the outline of a methodological framework for the core assess-
ment work within FANTASIE.

2.1 Policy and user requirements

The main focus has been on DG Energy and Transport (DG TREN, formerly DG VII),
however the interests of other potential users have been kept in mind. This has led to
the identification of the following six types of inputs which are regarded of particular
relevance to transport policy-making:

information provision on new technologies and their performance;
¢ development of a knowledge-base on new transport technologies;

e analysis of interactions between political measures and technological develop-
ments;

e advice on strategic policies;
¢ interactive involvement of stakeholders in the preparation of policies; and
e mobilisation of actors.

Issues for policy-making

Ten major issues for policy-making — which indicate the political concerns related to
transport — have been identified on the basis of document reviews and interviews for
eight member states and the EU. They have been grouped into the following three
clusters:

a) Technology-related issues

¢ quality and effectiveness of transport;

e direct costs to the transport user;

e environmental impact;

o safety;

¢ technological feasibility and development potential.
b) Socio-economic issues

e economic development;

e quality of life;

¢ transport demand and acceptance of technologies.
c¢) Political issues

o distribution of competencies and subsidiarity;

¢ political feasibility.

The individual issues are far from being independent from each other. They are inter-
related and deal with phenomena at different levels of the transport system. Conflicts
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and complementarities exist between them, but also among different aspects of the
individual issues. Such interdependencies and systemic effects are important, but
have not yet been understood in detail. Further research work is needed to improve
this. Consequently, only a first exploration of such effects has been provided.

Priority themes

Priorities of transport and transport-related policies differ across Europe. Often prior-
ity themes are not expressed explicitly in policy documents and statements, but in
practice there is always a hidden agenda of priorities. Although a list of such themes
may be controversial, an attempt has been made to set up a list. It should be used as
a starting point for further debate rather than as a definitive analysis. The main prior-
ity themes identified are:

e mobility demand;

e competitive performance of transport markets;
e cost-effective transport pricing;

e connection of peripheral regions;

e traffic problems in urban areas;

e co-ordination between local and other levels of government;
¢ intermodal freight transport chains;

e an inter-European high-speed rail network;

¢ harmonisation of European railway systems;

o safety of road transport;

o fuel efficiency;

¢ local air quality;

¢ global climate change; and

e air traffic capacity and congestion.

Uncertainties

FANTASIE focused predominantly on the forecasting and assessment of future
transport technologies. However, the emphasis given on an appropriate link to policy
concerns made it necessary to think ahead in terms of new emerging issues and un-
certainties on the political agendas of the future. The five areas where major uncer-
tainties are expected to arise are:

¢ transport demand and mobility patterns;

¢ liberalisation and competition;

e environmental concerns and resource depletion;
¢ technological breakthroughs; and

¢ policy-making processes.

Page 5 of 120



bR Forecasting and Assessment of New Technologies and Final Report
Fﬂ“TﬂSlE Transport Systems and their Impacts on the Environment August 2000

Transport policy update

During the execution of the project, CTP objectives have been further specified in a
new Transport Policy Action Plan which set out the lines of priority for the time hori-
zon 1998-2004. Figure 2.1 gives an overview on the elements of this EC Action Plan
and links them in terms of their relevance to FANTASIE assessment dimensions.

Main objectives Specifications FANTASIE dimensions
Improving efficiency and Market access and functioning Efficiency
competitiveness Integrated transport systems Efficiency

Fair and efficient pricing Efficiency

Economic and social cohesion

Socio-economic

Marking sure that the rules are ap-
plied

Socio-economic

Improving quality

Safety

Safety

Environment

Environment

Protecting consumers and improving
the quality of transport services

Socio-economic

Preparing the future

Socio-economic

Improving external
effectiveness

Efficiency

A longer-term perspective

Applies to all preceding categories
and will be integrated in the respec-
tive analyses

Socio-economic

Figure 2.1: Main lines of the Transport Policy Action Programme 1998-2004
(Source: CEC (ed., 1998): The Common Transport Policy. Sustainable Mobility. Per-
spectives for the Future)

Fifth Framework Programme
The current Fifth Framework Programme (1998-2002) represents a redesign of
European research, technology and innovation policy. Transport-related research is
distributed over a number of key actions which are rooted in socio-economic objec-
tives and problem areas. Three of them are explicitly dedicated to transport, and their
titles already give a first indication of current key technology issues:

e sustainable mobility and intermodality;
¢ land transport and marine technologies;
e new perspectives for aeronautics.

Further transport-related research is carried out within the key actions:

¢ "City of tomorrow and cultural heritage";
e "Economic and efficient energy for a sustainable Europe";
¢ "New methods for work and electronic commerce".
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2.2 Assessment framework and criteria

An assessment framework is not a free-standing set of criteria and indicators, rather
it is a guide for collecting the most pertinent and policy-oriented information, and ana-
lysing or comparing the assessment subjects in a systematic and policy-relevant
manner. Figure 2.2 describes how the assessment framework is policy-led, and uses
policy targets and goals to define significance criteria. When combined with forecast-
ing information, these criteria will define which technologies or systems are of interest
and merit further investigation.

| Policy Objectives | Policy Priorities

Assessment
Themes

v

Impact
Assessment
Categories

v

| Measures

A\ 4 y
Comparative Targets/
Indicators Standards / Goals

Significance
Criteria

Market Volume
and Market
Penetration

Technologies /
Systems of
Interest

Figure 2.2: Assessment framework — logics and structure

Summaries of the assessment framework are shown in Figure 2.3, and of the fore-
casting framework in Figure 2.4, respectively.
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Assessment area

Theme

Impact / effect

Environment

Environmental

Sustainability

Energy resource use
Non-energy resource use
Global warming; Stratospheric ozone depletion

Biodiversity/habitat destruction

Local air quality

Health

Material damage

Regional air quality

Agricultural / Forestry impacts

Terrestrial and Aquatic Ecosystem impacts

Nuisance Noise and vibration
Visual intrusion / Landscape degradation
Severance

Waste Land and Water Contamination

Waste disposal

Socio-Economic

Economic Development

Land-use patterns

EU competitiveness
Exports

Employment

Security of energy supply

Broadening the external dimension

Completion of

single market

Interoperability

Pricing efficiency

Social Cohesion /

Quality of Life

Mobility — discretionary
Equity

Accessibility to transport
Working conditions

Care for marginal / vulnerable groups

Public acceptance

Freedom of choice
Acceptance by industry

Acceptance by society

Safety

Safety of users

Driver safety

Passenger safety

Safety of non-users

Other drivers and passengers
Other NMT modes
General public

High-risk groups

Efficiency

Journey performance

Journey speed
Delay
Reliability

Journey quality

Cost

Capital; operating

Cost to user

Intermodality

Ease of modal transfer

System capacity

Load-following capacity

Figure 2.3: Assessment framework summary
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Development area Theme Issue

Technical Aspects

Technical Possibilities

R & D needs
Compatibility / co-existence of technologies

Parallel technological developments needed

Production Aspects

Cost of technology deployment

R & D investment

Industrial investment

Commercial Aspects

Technology cost when deployed

Purchase price
Vehicle operating cost
Competitiveness with existing technologies

Initial vs. long-term cost

Public and user acceptance

Market Possibilities

Conservatism / Habits/ Values
Dependence on new infrastructure
Rate of stock renewal or retrofitting
Industrial lock-in

System-wide change

Institutional Aspects

Institutional Possibilities

Planning regulations

Taxation system

Subsidiarity

European added value
Distribution of competencies

Co-operation, trust and conflict potential

Political Aspects

Political feasibility

Convergence of interests

Availability of policy instruments

Political risk

Figure 2.4: Forecasting framework summary
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3. METHODOLOGY

3.1 The six level transport model

Within FANTASIE technologies and their application in the transport system have
been structured in what is called the six level approach (refer to Figure 3.1). Broadly
speaking, the approach has been to differentiate between the transport demand
(transport system and transport concepts) on the one hand, and the technological
content (vehicle concept, application, components and base technologies) on the
other. Nevertheless, the fact remains that these levels have a great effect on one an-
other. If electrical propulsion in a new vehicle concept were to become significantly
less expensive, this would have certain repercussions on a transport concept, e.g.
that of a small vehicle for in and around urban areas. In short, there is a great degree
of interdependence between the levels. Therefore, the demand assessment was car-
ried out in an iterative manner. Based on the results of the technology assessment
the demand assessment was adapted.

6. Transport system

T

v

5. Transport concept
v

4. Vehicle concept

<« »

3. Application

<« »

2.Components

T

1. Base technologies

Figure 3.1: The six level approach in FANTASIE

A simplified representation of the transport system can be based on the aforemen-
tioned six levels of technology, which can be specified as follows.
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Base technologies
These are basic developments in resources, information technology, energy sources,
etc.

Components
Basic technological developments are put together for certain components, though
not yet geared towards transport.

Applications within the transport systems
Typically, these are components which have been adjusted for use in the transport
system. Examples are batteries, propulsion systems, information systems, etc.

Vehicle concepts

New vehicles concepts are often needed in order to achieve the wide use of new
transport applications, e.g. small city cars which encompass the application of ad-
vanced information and payment systems.

Transport concepts

Beyond the individual vehicle operating in an unaltered environment, new transport
concepts also re-conceptualise their operational environment. Elements of this are
parking facilities, maintenance and supply system, etc.

Transport system

The most encompassing level is the transport system as a whole, dealing with the in-
teraction of transport concepts, their (intermodal) integration and questions of overall
demand and its structure.

For FANTASIE the four higher levels of analysis appeared to be of particular rele-
vance. Base technologies and components cannot be easily influenced by means of
transport policy, but by general RTD policy. They became relevant for FANTASIE
only once they had been recognised as potential transport applications.

3.2 Adapted methods for assessment

Impact assessment

The FANTASIE approach, which centres around an extensive data collection inte-
grated and evaluated by the team together with experts, stakeholders and policy-
makers, was developed according to the following structure.

¢ A six-level model of the transport system: 1) base technologies, 2) components, 3)

applications within the transport system, 4) vehicle concepts (VC), 5) transport
concepts (TC), 6) transport system.

e Four exogenous scenarios: BAU business as usual, UG unrestricted growth, SG
sustainable growth, SB sustainable balance.
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e Five problem areas: urban passenger transport (UP), urban freight transport (UF),
rural passenger mobility (RP), interurban passenger transport (IP), interurban
freight transport (IF).

e Four time horizons: base (1995), short run (2005), medium run (2020), long run
(2030).

The flow diagram of the FANTASIE project is shown in Figure 1.1.

The logic of the assessment methodology development is that of building the specific
assessments as far as possible by a bottom-up approach from lower levels up to
higher levels (TCs and transport system). This is followed by a review aimed at re-
trieving all the lower levels (VC and technology options, TOs) which contribute sig-
nificantly to the impacts. The approach makes it possible to provide at the end, in
suitable output formats, the information on TCs and technologies that promise to be
most important for improving the future performance of transport systems.

The approach fulfils the following requirements.

R1 The specific assessment is carried out according to the criteria and the main
relevant impact categories identified in previous FANTASIE work. Each main im-
pact category is assessed separately. Assessment results are presented at the
level of the main impact categories identified or clusters thereof. Where appropri-
ate, the results will stem from relevant impact subcategories.

R2 The assessment work provides the neutral, "objective” view. This relies on:
e partner expertise;
e previous FANTASIE work based on existing studies; and
e experts involvement.

The expert involvement in the specific assessment work is independent of the stake-
holders involvement for the development of policy options.

R3 The specific assessments are carried out on a descriptive base taking as an input
the FANTASIE forecasting work. This has two main consequences:
e the hypothesis of absence of feedback effects on TC market shares is as-
sumed for the specific assessments;
e the policies relevant for the different TCs are also an input of the specific
assessments according to the different scenarios.
R4 For the impacts where a quantitative assessment is meaningful, specific impacts
(for example rates per vehicle-km or passenger-km) are first considered (these
can be affected by changes in demand where appropriate).

R5 The specific assessment work helps identify a portfolio of technologies options.
The impact assessment considers the effects of the expected trajectories of the
TC (taken as an input) over the FANTASIE timeframe (four time horizons, 1995,
2005, 2020 and 2030) in the different exogenous scenarios (BAU, UG unre-
stricted growth, SB sustainable balance, SG sustainable growth). The TC impact
potential is assessed according to the FANTASIE level, from TC down to the
technology application level (FANTASIE levels 5, 4 and 3, TC, vehicle concept —
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VC, and technology application), which is relevant in each impact category.
Technologies which are particularly significant in the different impact categories
are highlighted.

The main tasks of the assessment form the following sequence.
e From lower levels to TCs. TCs are "deconstructed” and relevant trajectories of
lower levels identified.

e Impact assessment at TC level. Aggregation procedures provide the impact as-
sessment at TC level in the different problem areas starting from lower levels.

e From TCs to transport system. Market forecasts of TCs driven by end users pref-
erences provide the transport system composition in the different problem areas.

e Impact assessment at transport system level. Aggregation procedures provide the
impact assessment at transport system level in the different problem areas based
on TC impacts and market shares. Problem areas providing problems and oppor-
tunities across assessment areas are identified.

e From transport system to lower levels. Transport system in each problem area are
deconstructed and significant VCs and TOs providing problems and opportunities
are identified across assessment areas.

The construction of the TC impact profiles was carried out for each selected main

impact category, for each relevant problem area and for each scenario. The proce-

dure is shown in Figure 3.2. The procedure is outlined with reference to an assess-
ment based on point systems. Changes to refer the assessment to physical quanti-
ties are based on the availability of data. Details of the methodology can be found in

Deliverable 15.

0 D15 "Adapted methods and time horizons for assessment”

Assessment was performed according to a point system (three, five, seven, nine or
eleven levels depending on the impact category) which provides information on sign
and level of the relative impact. This is the stage where the assessment is made as
linguistic information. Points are given for each TC alternative specification based on
the opinion that each partner has built on the basis of his own expertise and of re-
sults of the analysis. For each impact category the definition of each point (e.g. by
percentage variation range of relevant quantity) was provided. The impacts were
transformed into crisp humbers according to a transformation scale based on fuzzy
theory (Figure 3.3). With the chosen scales, each impact is provided as real number
in the range between -0.5 and 0.5. The real numbers are only conventional and can-
not provide information on impact ratios compared to base case. In other words they
are not associated to any measurable quantity. They are used to provide a common
assessment scale which applies to all types of impact category.
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1.

Identification of alterna-
tive specifications

Hierarchical process: 1st
level alternatives (plus 2nd
level telematics-related al-

ternatives for road TCs)

TC specification forms

2. Assessment of market
shares of TC alternative
specifications

VC market shares from
WP5200 plus technology tra-
jectories from WP5100

3. Assessment of impacts
at TC alternative specifi-
cations level

Use of point systems and
conversion scales into crisp
numbers

4. Assessment of impacts
at TC levels

Matrix product

\ 4

TC impact tables

Step |

| Method | =>

Sequence

Figure 3.2: Impact profiles production process

v

TC IMPACT CHARTS

_>

Tool/intermediate product >

END PRODUCT
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Impact change Point systems
3 points 5 points 7 points 9 points 11 points

Very high -5 -0.46
High -2 -0.41 -3 -0.41 -4 -0.42 -4 -0.36

Worse Med-high -3 -0.38 -3 -0.25
Medium -1 -0.33 -1 -0.22 -2 -0.27 -2 -0.25 -2 -0.17
Low -1 -0.13 -1 -0.09
Very low -1 -0.14

Negligible change 0 0 0 0 0 0 0 0 0 0
Very low +1 +0.14
Low +1 +0.13 +1 +0.09
Medium +1 +0.33 +1 +0.22 +2 +0.27 +2 +0.25 +2 +0.17

Better Med-high +3 +0.38 +3 +0.25
High +2 +0.41 +3 +0.41 +4 +0.42 +4 +0.36
Very high +5 +0.46

Adapted from: Chen and Hwang, 1992

Figure 3.3: Point systems and transformation scales into crisp numbers
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The final forecast process

The TC market share forecasts are obtained by a process which is aimed at best ex-
ploiting the project previous knowledge base and the experts’ skills, structuring the
experts’ judgements and converting them swiftly into numerical formats.

The process includes different kinds of activities:

background activities to collect the necessary input information and data, imple-
ment the spreadsheet model, prepare the expert questionnaires and workshops,
pool and process the questionnaire results;

expert interviews by questionnaires; and
expert workshops.

The activity flow is shown in Figure 3.4. There are three main blocks in series:

block A, aimed at identifying the relevant primary explanatory variables and as-
sessing their weights, and based on expert questionnaires;

block B, aimed at assessing the TC priorities in the base year and re-producing
the known market shares, and based on expert questionnaires; and

block C, aimed at assessing the TC priorities in the future, providing the projected
market shares and unearthing the hypotheses underlying the projections, and
based on workshops.

The process envisages a modular and cascade architecture. In principle all the
blocks can provide results in real-time by involving the experts in workshops.
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Figure 3.4:

e Primary variables list

e Weights in base and by
scenario and time hori-
zons

A.1 Primary variables
identification

A.2 Weight assess-
ment

e TC priority matrix in base

e Correction vector

e Adjustment factors and
projected TC priority ma-
trices

o Projected market shares

A1 Survey:of existing
studies and expert
questionnaires

A:2:::Pair.comparisons by
experts:and:averaging
by income classes

B Base year model
calibration

C  Future years
projections

o Pair.comparisons by ex-
perts

o Correction:vector estima-
tion

s Expert workshop to:as-
sess adjustment factors
with:real-time market
shares:projections

Output ‘ ‘ ‘ ‘ Method

Sequence

The forecast process
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4. TECHNOLOGY ANALYSIS AND FORECAST (levels 1-3)

The FANTASIE project aimed to characterise potential technological developments
and impacts which are significant in terms of the objectives of the Common Transport
Policy.

Four main steps have been performed for the main outputs of this chapter:

¢ identification of sources;

e collection and characterisation of documents;
e information structuring;

¢ information synthesis.

4.1 Technology survey

Initially a state-of-the-art survey and review of previous technology forecasts and as-
sessments for the transport sector has been performed. The focus was on authorita-
tive and independent review documents, rather than specialised and potentially bi-
ased reports on particular technologies. Much of the available information was at the
level of technology applications; while the assessment at higher levels e.g. transport
systems was to be performed later in the project.

A great number of relevant studies and other sources (147 documents in total) was
identified, collected, characterised and structured. Information has been organised
according to groups and bundles of technologies, and assessed using a policy-
oriented framework of issues.

O D8 "A structured state-of-the-art survey and review"

4.2 Technology watch

For harmonisation with technology forecast (TF) five categories of non-transport
technologies similar to the technology bundles have been identified:

e energy technologies;

e material technologies;

¢ information technologies (transport substitution);

e sensor technologies;

e micro and nano-technologies.

The information was based on particular application of technology watch methods
(brainstorming, interviews, patent and bibliometric analysis, and questionnaire survey
with support from the ESTO network) and the expert opinion of the contributing con-
sortium partners. The technologies identified outside the transport sector are mainly
of generic nature (technology levels 1 and 2) and could feed into a wide range of fu-
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ture transport applications. The market possibilities of those technologies were ana-
lysed and the obviously higher uncertainties addressed.

4.3 Technology forecast

Technology forecast was the logical technology survey follow-on activity. An initial
assessment of potential technological developments which are significant in terms of
the CTP objectives was done.

A list of new technologies, which are expected to have major impact, has been gen-
erated. The nature of impact was given as well as the reason why a technology was
estimated to be significant. Due to the complexity and the number of technologies de-
tails are presented in Deliverable 9.

O D9 "Forecast of new technologies with major impacts"

4.4 Key results

Information in the initial state-of-the-art survey and review of previous technology
forecasts and assessments for the transport sector has been organised according to
five bundle groups plus one superbundle, and 22 bundles of technologies (refer to
Figure 4.3), and assessed using a policy-oriented framework of issues as presented
in the following Figure 4.4).

Coverage by mode / vehicle type
Information on the contents of the key reports chosen for further scrutiny (characteri-
sation) within FANTASIE is summarised in the following Figures.

Figure 4.1 shows the number of reports that consider particular modes in some way,
whereas Figure 4.2 shows the number of reports contributing to each technology
bundle group assessment for each mode. (In Figure 4.2, the numbers are shown
cumulatively, and therefore exceed the total number of reports identified in Figure
4.1.)
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Figure 4.1: Analysis of modal coverage of characterised reports
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Overview on bundles

Bundle Group 1 - Propulsion Systems

¢ Advanced Conventional Propulsion
Systems

¢ New Propulsion Systems
e Advanced Conventional Fuels
e Alternative Fuels

Bundle Group 2 — Vehicle Design
e Body Design

o Driveline Technologies

¢ Vehicle Safety Systems

¢ Vehicle Quality Systems

¢ Intermodal Freight Carriers

Bundle Group 3 — Materials
¢ Vehicle Materials

Bundle Group 4 — Information Interface
¢ Vehicle Control Systems

¢ Internal Vehicle Systems

¢ Traffic Management Systems

¢ Travel and Freight Information Systems
e Operations Management Systems

¢ Information Infrastructure

Bundle Group 5 — Infrastructure

¢ Construction Technologies

e Physical Infrastructure Innovation
o Termini

e Energy Infrastructure

Superbundle: Integrated technology
packages at the vehicle

e Vehicle Production Technologies level

e Vehicle Recycling

Figure 4.3: Bundle groups and technology bundles

TA impacts Environment TF aspects Technical
Socio-economic Production
Safety Commercial
Efficiency Institutional

Political

Figure 4.4: Technology assessment (TA) and technology forecasting (TF) categories

The primary information base comprised 147 documents with a world-wide coverage,
drawn from a larger set of sources. Coverage of topics was variable.

Technology Assessment (TA)

e environmental aspects drive and dominate many studies with a good degree of

quantification;

o efficiency aspects also figure strongly, reflecting the importance of cost and user

implications of technologies;

e in comparison, details of socio-economic and safety implications are limited, with

more qualitative assessment;

e results are drawn fairly evenly from different TA techniques (survey of experts,

modelling, and review by expert panel).

Technology Forecasting (TF)

e technical and commercial aspects dominate most TF studies;

e production aspects of technologies (other than shorter-term or incremental devel-
opments) and also the institutional and political opportunities and barriers enjoy a

much less extensive coverage;
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e desk studies and interviews/workshops are the predominant TF techniques, al-
though a good number of Delphi studies have been reviewed.

A series of technologies have been commonly identified in the reviewed documents
as having significance (although criteria are often unclear and will vary between

documents):

Bundle Group 1 —
Propulsion
Systems

DISC (Direct injection stratified charge) engine,
advanced turbofan and propfan engines, electric and hybrid vehicles,

fossil-fuel improvements, biodiesel, CNG and LPG, fuel cells and hydrogen.

Bundle Group 2 —
Vehicle Design

Weight and aerodynamic drag reduction,

efficiency gains in transmission systems, tyre rolling resistance reduction
seat belts and airbags,

intelligent cruise control, improved user interfaces, general quality systems,

unitised packaging systems, intermodal transport units.

Bundle Group 3 -
Materials

Materials for lighter vehicles and higher combustion temperatures in engines,
systems for highly integrated design and manufacturing,

composite production and joining technology,

low cost magnesium and titanium casting technology,

non-metallic parts recycling, tyre recycling, battery recycling.

Bundle Group 4 —
Information
Interface

Automated driverless transport, autonomous intelligent cruise control,
anti-collision systems, fly (drive)-by-wire,

combined on-board emissions and engine management systems,

driver monitoring systems.

traffic control — road, air, train modes, intersection control, electronic tolling,
parking management,

travel and freight information systems, remote emissions monitoring,

smart card infrastructure, traffic detectors, satellite navigation systems, wire-
less communication systems, communications networks/electronic data inter-
change.

Bundle Group 5 -
Infrastructure

Tunnelling, subterranean vacuum transport technologies,

naturally regenerative materials, recycling and upgrading waste material,
improved infrastructure materials,

design of safer roads, guided busways, personal vehicle rail infrastructure,
new railway infrastructure, integrated storage systems,

transferia (interchange between public and private transport),

urban freight transferia, cargo handling technology,

liquid, gaseous & other energy carriers, energy distribution,

refuelling systems, external electrification of transport.

Superbundle

Groups of technologies applicable in combination to car and aircraft concepts

Figure 4.5: Significant technologies identified
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The initial assessment of potential technological developments which are significant
in terms of the objectives of the Common Transport Policy (CTP) is presented in
Figure 4.6.
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Figure 4.6: Summary of significant transport technology applications
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Figure 4.6: Summary of significant transport technology applications (continued/1)
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Figure 4.6: Summary of significant transport technology applications (continued/2)

In addition, a limited technology watch has identified some base and non-transport
technologies which are anticipated to have a significant impact on the transport sec-
tor. These technologies are listed in Figure 4.7.
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Technology bundle Technology

Energy technologies e Energy conversion — fuel cells

e Energy production — photovoltaics and photocatalysis
o Energy storage — graphite nano tubes

Materials technologies e Smart structures

o Nano materials

e Superconducting materials

Information technologies e Transport substitution — teleworking, teleconferencing,
teleshopping

¢ Knowledge-based tools — neural networks, fuzzy logic,
genetic algorithms, etc.

Sensor technologies e Sensors

e Micro electromechanical systems (MEMS)
Micro- and nano- e Microsystems
technologies o Ultra-precision machining

¢ Nano-sensors

Figure 4.7: Summary of significant base and non-transport technologies
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5. VEHICLE CONCEPTS (level 4)

This chapter presents vehicle concepts and their definitions respectively, which are
expected to have major significance for future European transport to the year 2030. It
is based on substantial contacts with external contacts, especially within the vehicle
supply industries and vehicle operators, together with documentary research.

Freight and passenger vehicle concept (VC) Abbreviation
Airship AIRSHIP
All-electric Ship ELESHIP
All-purpose Car APCAR
Conventional Heavy Rail — passenger and freight CHRAIL
Cryoplane CRYO
Fast Inland Ferry FIFERRY
Fast Sea-going Passenger Ferry FFERRY
High Speed Rail HSRAIL
Human-powered Vehicle HPVE
Light rail and People-movers LRTPM
Long-distance Bus LDBUS
Magnetic Levitation systems MAGLEV
Megaliner Aircraft MEGAAIR
Powered Two-wheeler PTW
Rail and Guided System Innovations GSINNO
Rotorcraft ROTOR
Slow-moving Vehicle SMVE
Subsonic Aircraft SUBAIR
Supersonic Commercial Transport SCT
Truck TRUCK
Urban Bus UBUS
Urban Car UCAR
Van VAN

Figure 5.1: Abbreviations for vehicle concepts (VCs)
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All-purpose car (APCAR)

Definition: The all-purpose car (APCAR) in its various forms satisfies essentially all
requirements of individual mobility including urban, long-distance, business, lei-
sure/fun, etc. applications. This includes more specialised variants such as all-terrain
vehicles, sports cars, multi-person vehicles.

Urban car (UCAR)
Definition: Vehicles specifically designed for individual mobility in extended urban
areas.

Van (VAN)

Definition: A light duty, multi-purpose load-carrying vehicle for commercial use capa-
ble of carrying goods, materials, or, when suitably adapted, persons up to a total
kerbweight of 3.5 tonnes on both urban and interurban operations.

Urban bus (UBUS)
Definition: A public mobility, multi-user vehicle used specifically in the urban area.
This includes both small and large body types.

Long-distance bus (LDBUS)
Definition: A public mobility, multi-user vehicle used specifically on long-distance
routes between urban areas.

Truck/Road Train (RTRAIN)

Definition: A road vehicle used specifically to carry heavy goods on medium to long
distances. This includes the road train vehicle (for long-distance, high capacity freight
movement) as well as designs for freight intermodality.

Powered two-wheelers (PTW)
Definition: a motorised vehicle on two wheels used for private mobility purposes in
urban and non-urban environments, comprising motorcycles (>125cc engine size),
scooters and mopeds (<125cc).

Human-powered vehicles (HPVE)
Definition: A vehicle, for carrying one or more persons or goods, powered chiefly by,
or assisted by, human effort.

Slow-moving vehicles — telematics aspects (SMVE)
Definition: Slow-moving vehicles include vehicles widely used in agriculture, earth-
moving construction and in the highway maintenance operations.

Conventional heavy rail — passenger and freight (CHRAIL)

Definition: This concept covers developments of all forms of conventional heavy rail
systems. Freight, passenger and combinations of the two. It specifically excludes
high speed rail systems (>200 km/h).
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Light rail and people-movers (LRTPM)

Definition: This concept refers to light rail and people mover systems, that are usu-
ally associated with urban transport. Both mass (MRT; mass rapid transit) and indi-
vidual (PRT; personal rapid transit) people movers are included within this definition.
The development of free (uncabled) elevators is also considered.

Rail and guided system innovations (GSINNO)

Definition: This concept covers the development of new innovative forms of rail/gui-
ded transport systems, like underground freight/distribution systems, moving walk-
ways, bicycle lifts and cable cars.

High speed rail (HSRAIL)
Definition: The high speed rail concept is defined by trains using wheels on rails and
with a maximum service speed of at least 200 km/h.

MagLev (MAGLEV)
Definition: The MagLev vehicle concept is defined by non-contact vehicles using
magnetic levitation, guidance and propulsion (at least at cruise speed).

Megaliner (MEGAAIR)
Definition: An (ultra) high capacity aircraft for subsonic long range (intercontinental)
flight for 600-800 passengers.

Subsonic aircraft (SUBAIR)

Definition: A medium range aircraft with a capacity of 220-300 passengers, clearly
understood to be developed after Megaliner introduction (priority ranking by manufac-
turers).

Supersonic commercial transport (SCT)
Definition: A supersonic commercial transport aircraft for long range (intercontinen-
tal) flight with a capacity of 200-300 passengers.

Rotorcraft (ROTOR)

Definition: The helicopter and tilt-rotor derivative vehicle concept is defined by a
multi-user vehicle used for business transport and public services e.g. rescue and
enforcement. This includes both small and large body types.

Cryoplane (CRYO)
Definition: A 180-230 seat aircraft for subsonic medium range flight propelled by lig-
uid hydrogen or liquefied natural gas.

Airship (AIRSHIP)

Definition: A multi-user vehicle with rigid or semi-rigid structure used for niche mar-
kets (tourism, research, observation) and for transporting heavy and bulky load. This
includes both small and large body types.
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All-electric ship (ELESHIP)
Definition: A ship which uses electrical power for all its power requirements. The
power needed is derived from an (inboard) electrical-power generation unit.

Fast inland ferries (FIFERRY)
Definition: A public mobility, multi-user vehicle used in sheltered estuaries and bays
and inland waterways. This includes both smaller and larger body types and serves
passengers and some freight.

Fast sea-going passenger ferries (FFERRY)

Definition: A public mobility, multi-user vehicle used in estuaries and sea straits and
for short- and medium distances over sea. This includes both smaller and large body
types. It serves (car)passengers and RoRo freight.

Detailed policy implications and technology forecast issues at the vehicle concept
level are described in Deliverable 12.

0 D12 "Characterisation of technologies for impact assessment"
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6. TRANSPORT CONCEPTS (level 5)

Transport concepts within the FANTASIE six level approach are composed of one or
more vehicle concepts and associated organisational aspects. For each concept the

demand forecast results are shown.

Passenger transport concept (TC) Abbreviation
Individual conventional vehicle ICONVE
Dedicated car (vehicle) DECAR
Ride sharing RIDES
Car sharing CARS
Individual public transport IPT
Organised collective passenger transport by road OCPT
Urban rail transport URAIL
Regional rail transport RRAIL
Long-distance rail transport LDRAIL
On demand road transport ROADD
Collective rail transport according to demand CRAIL
Air transport AIR
Automated vehicle guidance AVGP
Freight transport concept (TC) Abbreviation
Van/light truck VANLT
Heavy truck HTRUCK
Road train RTRAIN
Conventional rail CONVRAIL
High speed rail HSRAILTC
Inland shipping/barge ISHIP
Ship SHIP
Air AIRF
Automated vehicle guidance AVGF
Underground systems UNDERGROUND

Figure 6.1: Abbreviations for transport concepts (TCs)
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6.1 Passenger transport concepts

Systematic classification
Within passenger transport three main groups of transport concepts are distin-
guished:

e Individual vehicle use; the traveller drives (steers) the vehicle himself;

e Collective vehicle use; the traveller is being transported by a professional service
provider; and

e Intermediate concepts; a combination of independent control of the vehicle and
control by another party.

Below is a segmentation according to other variables which should be taken into ac-
count:

¢ vehicle ownership;
e scheduled or demand responsive transport; and
¢ kind of vehicle concept used.

By combining all these levels a large number of possibilities exist. However to avoid
making the assessment (both demand and technology) over complicated, only the
most important combinations are taken into account. Figure 6.2 gives an overview of
all dimensions.

Drive yourself Personal | All purpose |
(individual) ownership
| Dedicated |
Renting/ - -
sharing | Ride sharing |

| Vehicle sharing |

| Individual public transport |

Intermediate - > Automated vehicle

NA A

guidance
| Road based |
Being driven Fixed | Rail based |
(collective) schedule
Air |
| Road based |
Demand
responsive | Rail based |
| Air |

Figure 6.2: Overview of transport concepts for passenger transport
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Individual vehicle (ICONVE)

Description: This concept consists of individually controlled vehicles owned by, or al-
located to, a household. The vehicles are usually available on demand without reser-
vation. The motorised vehicles require a trained driver and so cannot be used by all
household members. The vehicle is suitable for a large number of functions and this
coupled with privacy, low marginal cost of operation and convenience is responsible
for its widespread popularity.

Dedicated vehicle (DECAR)

Description: This concept consists of a vehicle designed to fulfil one purpose: in con-
trast to the all-purpose vehicle, commonly in use today. One often cited example of
the dedicated vehicle is the urban car. These vehicles are designed for use in
densely populated areas where their small size and high energy efficiency offers ad-
vantages over conventional cars.

Ride sharing (RIDES)

Description: Ride sharing means that people, on a voluntary bases, share a car ride.
The most common form is that members of one household travel together in one car.
Transport policies usually aim at stimulating other forms of ride sharing, mainly in
home to work travel (car-pooling).

The European countries mainly focus ride sharing on the home to work trip. Until re-
cently most attention was given to improving the attitude and awareness of people.
Large and small promotional campaigns were used. More recently, attention has also
been given to tools which enable people to find others who wish to car pool. This can
be done at different levels: the company level, the regional level (one specific dis-
trict), the industrial park, etc. These tools can be telephone numbers, but also Inter-
net sites which offer the user the possibility to match his transport demand with oth-
ers. Initiatives are also developed at the company level. In some countries so-called
company demand management is starting to become important.

Car sharing (CARS)

Description: Vehicle sharing is the use of self-drive road vehicles with some form of
shared use. conventionally the vehicles are owned by some form of hire company
(for example Hertz, Avis, etc.) and rented out. Under some scenarios this concept will
be developed from its classic hire-car origins to a more flexible, automated and con-
venient concept.

Individual public transport (IPT)

Description: Individual public transport offers vehicles on a trip by trip rental basis.
These vehicles can be rented, for instance by using a chip card, without any reserva-
tion. No driver is included, the vehicles need to be steered by the traveller himself.
This system provides, in its most elaborate form, on-demand transport. But in prac-
tice it will take some time before such a system will be fully operational.
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These systems fill the gap between public transport and private transport. The free-
dom of (route and destination) choice is guaranteed. IPT will most likely be used in
an urban setting. In rural areas transport demand is too low. Within the urban area
IPT will be used in those areas where distances to and from the station are relatively
long. These are: the suburban areas and in medium and small cities. IPT systems
are not meant to be used within the city centre. Buses, people movers, walking and
cycling are much better suited. The exception is an IPT system that uses bicycles.

Organised collective transport by road (OCPT)

Description: Organised collective transport by road provides a public transport ser-
vice on a scheduled basis. These services are commonly provided on short dis-
tances by buses and on longer distances by express coach. A driver is usually re-
sponsible for revenue protection, though additional staff are sometimes provided for
this and to provide refreshments on long distance express routes. The concept is al-
ready is widespread operation and the challenge is to see how it will contend with
new forms of public transport services. There has been significant decline in the use
of this form of transport in the last 30-40 years.

Urban transport by rail (URAIL)

Description: This transport concept cover several types of urban rail system, includ-
ing: suburban heavy rail, metro and light rail systems. The guideway can be in a con-
ventional steel form or in some alternative form like a raised concrete track. Passen-
gers are thus conveyed to their destination by vehicles running on fixed routes and
most of these systems will use electrical propulsion. The vehicles may or may not be
manned.

Regional rail transport (RRAIL)

Description: This concept refers to heavy rail systems that provide interurban and
long distance suburban journeys. At present most of these are in the form of steel
wheel on steel rail. Vehicles run on fixed routes and are usually powered electrically
or by diesel engines. Vehicles are usually manually driven.

Long-distance rail transport (LDRAIL)

Description: Long distance rail transport refers to predominantly intercity trains. This
concept is most likely to develop on the basis of the conventional steel rail on steel
wheel system, though some limited implementation of MaglLev type systems could
occur under certain conditions. Increasing advances in technology are likely to in-
crease the speeds of long distance rail systems and 250-300 km/h will become
commonplace in this concept. Trains will continue to run at fixed schedules and will
be mostly manned. MagLev based systems will make little impact within this market
due to the need for new incompatible infrastructure. One exception could be the de-
velopment of underground MaglLev systems, operating in a partial vacuum, at high
speed: for example the Swiss metro concept.
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On demand road transport (ROADD)

Description: This form of transport is currently typified by the dial-a-ride or taxi sys-
tems. Passengers contact the service provider by telephone or, perhaps, in the future
through an internet terminal and request transport. The flexibility of the service var-
ies, from taxis which can arrive almost immediately and go wherever required, to
demand responsive bus services that generally have a fixed destination and make
detours to pick up passengers that have made a request. The “Treintaxi” in the Neth-
erlands provides a modern illustration of demand responsive road transport, where
special taxis which accept a railway voucher provide a service to and from railway
stations.

On demand rail transport (CRAIL)

Description: This most likely manifestation of this concept is in the form of personal
guided rapid transit. In these systems individual guided vehicles are picked up by
passengers at designated points. The vehicles are then directed by the passengers
to other points on the system. Vehicles therefore no longer travel together in trains.
Small scale experimental versions of such systems are already in operation in the
U.S. The need for new infrastructure poses a significant obstacle to the development
of such systems, as there is little available land in urban areas. Any systems that are
introduced are therefore likely to be above ground and likely to create significant vis-
ual intrusion.

Air (AIR)

Description: This concept consists of aircraft, flown by a professional pilot, which is
usually shared by a number of passengers. The trip normally requires reservations to
be made in advance and aircraft usually fly according to a fixed schedule. The air-
craft can take a number of forms, such as: aeroplane, airship and helicopter.

Automated vehicle guidance (AVGP)

Description: Automated Vehicle Guidance (AVGP) systems are defined as systems
in which the driving tasks of a driver are taken over partly or entirely by an automated
system. AVGP systems may range from systems that automatically maintain a vehi-
cle’s speed, while keeping a safe distance to a predecessor, to fully automated car-
driving (hands, feet and brains off). AVGP is regarded as a promising tool to improve
road network traffic performance, for instance, by driving at short distances and high
speeds. Equally important is the potential of AVGP systems for enhancing safety by
replacing human drivers by more reliable automated systems.
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6.2 Freight transport concepts

Systematic classification

Freight transport is extremely complex and it is therefore very difficult to derive an
exclusive structure to represent the concepts use within it. An initial classification can
be made between bulk and non-bulk transport. The former would include things like
large flows of raw materials from the point of extraction to the processing site. Non-
bulk traffic would include the delivery of goods to supermarkets. Within each of fur-
ther classification is possible in accordance with the way the traffic is organised (refer
to Figure 6.3).

Containerised

Transport of bulk
units or loads

Non-container
bulk transport

On demand
services
Transport of non- JIT =
bulk units or loads justin time
Line

services

Figure 6.3: Overview of transport concepts for freight transport

Van/light truck (VANLT)

Description: Light trucks and vans are used for freight transport deliveries in round
trips and/or for small deliveries in small consignment sizes. The advantages of this
transport concept are the flexibility of the vehicles (departures are possible at any
time) and the dense infrastructure network (all destinations, even in dense urban ar-
eas can be reached).

Heavy truck (HTRUCK)

Description: Heavy trucks (of around 18 meters long) are used for both short and
long distance transport. However, accessibility for heavy trucks in city-centres is lim-
ited. Heavy trucks are often used to supply the distribution centres of urban freight
platforms from where distribution to the final customer takes place in smaller vehi-
cles.
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Road train (RTRAIN)

Description: Road trains are trucks with up to three trailers behind the driver’s cabin
(in total about 25 metres long). Traffic safety requires that road trains are not mixed
with busy passenger traffic. This requires driving during quiet hours (at night) or only
on quiet roads. The advantage of using road trains, instead of heavy trucks, are the
reduced transport cost per tonne-kilometre.

Conventional rail (CONVRAIL)

Description: Rail freight is usually transported in trains of railway wagons hauled by
a locomotive that is usually manually driven. Some freight trains are automatically
driven, particularly on dedicated freight railways. There are also occasions where in-
dividual freight wagons have their own motive power and can travel thus individually
around the network. This is sometimes the case with postal traffic for example in the
U.K and the Netherlands. Recent developments in intermodal transport have seen
railways adopt loading units that allow easy transfer to other modes, examples of this
are containers and piggyback systems.

High speed rail (HSRAILTC)

Description: The development of technology for high speed passenger trains has
created an opportunity for the development of high speed freight trains for high value
goods to compete with air freight on short haul flights. The better access to city cen-
tres for rail services can be a significant advantage. High speed freight trains would
be able to use the infrastructure developed for high speed passenger trains without
causing the capacity problems that would occur if slower conventional freight trains
were to be mixed with high speed passenger trains.

Inland shipping/barge (ISHIP)

Description: Inland shipping is used to transport bulk goods like coal, sand and
gravel, but also for containers (both maritime as inland containers). Inland shipping is
increasingly used as part of a chain in intermodal transport.

Ship (SHIP)
Description: Short sea shipping is used to feed services for maritime containers from
mainports to the smaller ports in Europe, and for direct transport between North Af-
rica and Europe or within Europe (e.g. from southern Europe up to the Baltic ports).
The distance is limited compared to intercontinental shipping and the ships are rela-
tively small.

Air (AIRF)
Description: Freight by air is carried sometimes in the luggage hold of passenger
flights and sometimes on freight only flights.
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Automated vehicle guidance (AVGF)

Description: Automated Vehicle Guidance (AVGF) systems are defined as systems
in which the driving tasks of a driver are taken over partly or entirely by an automated
system. AVG systems may range from systems that automatically maintain a vehi-
cle’s speed, while keeping a safe distance to a predecessor, to fully automated car-
driving (hands, feet and brains off). AVGF is regarded as a promising tool to improve
road network traffic performance, for instance, by driving at short distances and high
speeds. Equally important is the potential of AVGF systems for enhancing safety by
replacing human drivers by more reliable automated systems.

Underground systems (UNDERGROUND)

Description: Underground guided freight systems have been proposed in an attempt
to counter urban congestion. These systems are likely to be exclusively for freight
traffic and automatically operated and will not therefore need drivers. Small scale
systems are already in operation, for example the Post Office railway in London.
These systems allow fast un-congested access to city centres and have been pro-
posed as a means of providing better connections between airports and city or freight
distribution centres.

O D13 "Definition of European transport systems"
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7. EUROPEAN TRANSPORT SYSTEM (level 6)

The European transport system is the sum of all transport concepts used. A transport
system is strongly influenced by its environment. The economic situation, infrastruc-
ture supply, price levels, technology available, etc. determine the composition of the
transport system.

7.1 Scenarios

Scenario approach
The future is unknown and actions based on the results of studies like FANTASIE will
also influence future developments. To deal with this uncertainty it is common to
work with different possible futures: scenarios. Based on a limited number of design
variables possible futures are designed. These stories function as a basis for the
technology forecast.

In the FANTASIE project two design dimensions are used, namely:

e Economic dynamics; this involves two alternatives. A society characterised by high
economic dynamics and the accompanying strong economic growth, and one with
more moderate economic dynamics, therefore experiencing relatively little eco-
nomic growth.

e Importance of sustainability; this also presents two alternatives. A society in which
the pursuit of a sustainable civilisation, and therefore a sustainable traffic & trans-
port system, is a generally accepted principle, and one in which it is not.

Four environmental scenarios can be derived from the two design dimensions. These
are portrayed in the diagram in Figure 7.1. The scenarios are:

e Unrestricted Growth (UG); society is characterised by high economic dynamism.
This is accompanied by rapid technological progress. However, there is little public
support for the excessive promotion of a sustainable society. Everyone is in favour
of the open market philosophy: the individual holds centre stage. The maximisa-
tion of income is the guiding principle for the whole of society.

e Sustainable Growth (SG); society is characterised by high economic dynamism.
This is accompanied by rapid technological progress. However, there is a great
deal of public support for the strong promotion of a sustainable society. Everyone
is in favour of the open market philosophy: the individual holds centre stage. Yet,
this does not lead to the unrestrained maximisation of income. Thanks to the intro-
duction of a series of market-based policy measures, and the general acceptance
of these, the traffic & transport system’s environmental and energy impact can be
significantly reduced.

e Business As Usual (BAU); society is characterised by medium economic dyna-
mism. This is accompanied by comparable technological progress. Further, there
is little public support for the excessive promotion of a sustainable society.

e Sustainable Balance (SB); society is characterised by low economic dynamism.
This is accompanied by slow technological progress. However, there is a great
deal of public support for the promotion of a sustainable society.
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Figure 7.1: Dimensions and position of the various scenarios

Table 7.1 summarises key variables per scenario.
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Variable Unrestricted Growth | Sustainable Growth | Business As Usual | Sustainable Balance

Economic aspects

Average growth 3.0% 2.75% 1.5% 1.0%

GNP

Income level (2030) 281 258 168 142

1995=100

Income distribution not equal at all fairly equal not equal very equal

Energy sources oil and natural gas oil, electricity, oil oil, bio-fuels,
hydrogen electricity

Energy price level' 120 105 100 95

1995=100

General energy no yes no yes

taxes

Spatial development

Urbanisation low densities high densities low densities high densities

Spatial policies

no government influ-

large and strict gov-

small government

very large and strict

ence ernment influence influence (same as | government influence
today)
Social cultural elements
Lifestyle egocentric solidarity egocentric solidarity
Environmental con- higher much higher same much higher
sciousness (com-
pared to 1995)
Technology
General technology high high medium medium
development
Internet connections | almost everybody, everybody (base use 50% 60%
(2020) except of small group is free)
of have-nots (app.

10%)
Transport policies
Management road private companies private companies government government
infrastructure
Speed limits limited speed restric- | 30 km within urban limited speed re- 30 km within urban

tions areas and 90/120 km strictions areas and 90 km at
at motorway network motorway network
Subsidies public none halving compared to limited same level as 1995
transport 1995
Fuel taxes (com- lower much higher same much higher

pared to 1995)

Parking policies

free market philoso-
phy: no intervention

very strict: low fares
for small vehicles

same as today

very strict: low fares
for clean vehicles

Parking fares?
(compared to 1995)

much higher in busi-
ness districts, low in
suburbs

much higher, both in
areas with high and
low densities

a little bit higher

a little bit higher

! Energy price is the price level on the free market, without energy taxes and so on.

2 Parking fees are not only determined by government policy, but also by demand and supply factors. In a scenario with high
economic growth and limited parking places, higher land rents will lead to higher parking prices.

Table 7.1:

Key variables of different scenarios (forecasting year: 2030)
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7.2 Problem areas

In order to assess the impacts of the new technologies, the transport system has
been broken down in different “problem areas”.

The problem areas are considered as homogeneous transport markets.

The transport system that operate in these areas can be considerate, in some extent,
in free competition.

In other words, in an urban area work transport system, or transport mode, that oper-
ate for passenger demand can, in principle, satisfy the some user needs.

In order to evaluate the impact of new technologies, according the FANTASIE crite-
ria, the following problem areas have been defined:
¢ long distance passenger demand: broken-down in two problem areas
o trips for distances >250 km,
¢ trips for distance between 80 km and 250 km;
e urban passenger demand;
¢ long distance freight demand;
e urban freight demand;
e rural area passenger demand.
A more precise definition of the different problem areas has given in the following
sections.

Long distance passenger
This problem area regards all the trips made by the people for distance greater than
80 km.

In order to identify better homogeneous mobility needs this problem area has been
broken-down in two different problem areas:

¢ trips with distance between 80 km and 250 km;
¢ trips with distance over 250 km.

In effect this subdivision assumes that, in first approximation, the air system is not
competing with car and train for trips under 250 km.

Obviously such distances cannot be considered as totally discriminatory for the air
transport in practice. A share of air trips are done for distances below this limit.

The same situations occurs for the use of car for trips with distances over this limit.

In particular, important international relations exist in Europe below this limit, where
the air transport is used.
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In order to better identify these "problem areas" the following assumptions have been
made:

¢ all the international trips belong to the long distance (>250 km) problem area;

¢ the not scheduled air trips are not considered (given the fact that there are not in-
formation);

¢ the breakdown of the share of trips belonging at each problem areas are estimated
using a distance distribution function for each mode and for each European coun-
try (that because in most of the European countries these data are not available).

Urban passenger demand
The passenger urban demand has been defined as the daily mobility of the inhabi-
tants of the city with more than 50000 habitants.

The daily mobility is the mobility associated with the "every day" activities (work,
school, shopping, local visits and leisure activities).

Such demand can be identified by three dimensions:

¢ the person who make the trips should be resident in the area;
¢ the trips purpose should be connected to some daily activity;
¢ the distance of the trips should be short (approximately <15 km).

Long distance freight demand

In the basis of what generally is used in literature, and particularly in relation to the
data available at European level, the long distance freight demand is defined as the
mobility of all kind of goods with distance greater than 50 km.

Urban freight demand
As opposite to the long distance, the short distance freight demand regards all the
movement of goods with distance less than 50 km.

This kind of demand regards mostly the urban freight distribution

Passenger demand in rural area
The passenger demand in rural areas is defined as the trips made by the inhabitant
in low density areas (not in the urban areas).

The trips to which such demand is referred area defined in the same way as the ur-
ban mobility (i.e. daily mobility).

7.3 Transport demand

Demand forecasting: thinking in market segments

For demand assessment at the E.U. level no specific tool is available. In different
countries forecast models exist, but a forecast model for the whole European Union,
which also takes into account cross-border trips is not available. It would be sensible
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to have some differentiation between different types of transport needs. To deal with
this a combination of both disaggregate and aggregate approaches were chosen. In
practice this means the use of vehicle concepts and transport concepts, which were
subdivided between passenger and freight transport, were assessed for different
market segments. A second aspect of the disaggregate approach is that total trans-
port demand is not assessed for the E.U. as a whole; it is based at a national level
(derived from the last twenty years). Total transport demand is thus assessed for
every country individually.

The aggregate side of the approach is characterised by two major assumptions:

e income and transport demand are at the moment strongly related; and
e itis possible that this relationship could change in the future.

Demand Forecast

Total transport demand

In every scenario both passenger and freight transport demand increase (refer to
Figure 7.2). But the level of growth differs per scenario. In general it is the case that
the Unrestricted Growth scenario shows the fastest growth (approximately. 150% in-
crease) and the Sustainable Balance scenario the slowest growth (approximately.
30% increase). The scenarios Business As Usual and Sustainable Growth are in be-
tween. It is notable that within freight transport the Sustainable Growth scenario
grows faster than the Business as Usual scenario; in passenger transport the situa-
tion is reversed: the Business As Usual grows faster than the Sustainable Growth
scenario. In general it can be seen that when economic growth figures are higher —
which is the case in UG and SG - freight transport grows faster than passenger
transport and when economic growth figures are lower the opposite is true.
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Figure 7.2: Total transport demand for passenger and freight transport per scenario

In Table 7.2 growth indices are given per market segment. Regardless of the sce-
nario, it can be seen that as trip distance increases the growth indices increase as
well. People and goods are more likely to travel longer distances. This phenomenon
can be seen an a micro basis as well. People and goods are not travelling more —
measured in number of trips — but are mainly travelling further. This has a profound
effect on total transport demand. For technology innovation policy it is important to
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note that it is easier to steer development in a growing market that in a declining
market. Secondly, instruments for growing and declining markets differ. Thirdly the
increase in long distance trips means that these market segments become more im-
portant.

Market segment Freight transport Passenger transport
uG SG BAU SB UG SG BAU SB
0-15 km (urban) 135 150 110 109 143 131 140 131
0-15 km (non-urban) 210 153 117 115 143 141 140 133
15-80 km 250 197 127 133 250 173 195 125
80-250 km 258 195 175 120 283 209 238 111
250-500 km 292 250 207 140 380 290 230 180
>500 km 306 250 213 140 400 375 300 250
total 257 205 165 127 242 187 196 133

Table 7.2: Growth per market segment until 2030 (1995=100)

Transport demand on the transport and vehicle concept level

Innovation is not only happening at the technical level, but also at the organisational
level. The traditional division into modal shares, is not able to cope with the dynamics
at the organisational level. Therefore within the FANTASIE project the term transport
concept is introduced. This level goes beyond the individual vehicle: new transport
concepts re-conceptualise their operating environment. Elements of this operating
environment are parking facilities, organisation, maintenance and supply systems,
etc.

Passenger Transport

It can be observed that major differences exist between the scenarios. On the other
hand, it is also clear that in the next 35 years the European passenger transport sys-
tem will definitely change; but in 2030 a large part of the transport system will be ex-
actly the same as it is today. Aircraft and rail vehicles have a lifetime of more than 20
years. So, vehicles ordered now will still be in use in 2030.

Table 7.3 shows that private transport (individual vehicle) remains the main transport
concept. The only scenario in which the transport volume for the individual vehicle
decreases is the Sustainable Growth scenario. This is related to the entrance of the
dedicated vehicles transport concept. These are still private vehicles, but are espe-
cially suited for one trip purpose. In the case of the Sustainable Growth scenario
these are mainly urban cars. Whereas in the Unrestricted Growth scenario these ve-
hicles are mainly all purpose vehicles. In the Business As Usual scenario the market
share of individual vehicle is the highest of all scenarios. This illustrates that in this
scenario the least innovation in transport concepts will take place: the European
transport system stays the same as it is today.
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It is also notable that sustainability does not automatically imply a completely differ-
ent traffic & transport system. Although the scenario Sustainable Balance does in-
volve new transport concepts like vehicle sharing and individual public transport, on
balance the emphasis remains on the individual vehicle. Due to the great emphasis
on volume policy and the promotion of the use of smaller vehicles, the consumer is
likely to select a small clean vehicle. This causes the competitive position of com-
pletely new transport concepts to deteriorate. After all, smaller vehicles are already
much cheaper than conventional ones; so the price incentive to switch to a different
transport concept is lost.

A major new transport concept will, with the exception of Sustainable Balance sce-
nario, be Automated Vehicle Guidance (AVG). Especially in the Unrestricted Growth
scenario AVG really takes off. Supported by a partly new infrastructure (in parts of
Europe a high speed motorway network arises) AVG grows strongly in the Unre-
stricted Growth scenario. But also in the Sustainable Growth scenario and the Busi-
ness As Usual scenario AVG starts becoming important. The technical appearance
differs per scenario. Whereas in the Business As Usual scenario and the Unrestricted
Growth scenario dedicated lanes will be used, in the Sustainable Growth scenario
AVG and normal traffic flows will be mixed.

Tansponconcept 1985 UG 56 BAL 1 19494 UG %G B AL 5B

ndivdual wehicle 301 3035 7734 4337 414 83 % IFE | OFER| OS1%| 4X%
Dedicated whiclz o 1027 A 110 130 0% 0% 13% 1% 2%
Ride sharing ans 1808 1503 1639 1080 1% 17% 19% | 19% | 19%
“ehicle sharing o 0 308 i 30 0% 0% 4% o0 4%
ndivdual Public o o a4 i 165 0% 0% 1% 0% 3%
Organised collectiw ivd 153 323 Ihd 74 fi T 4% 3% A%
Urbantransport byrail 125 151 157 124 132 % 1% % R 2%
Regienal Rail 116 40 336 a7 300 1% T 4% 3% 5%
Long distance rail 130 04 549 256 211 i 5% T 4% 5%
On demand road LES 60 a3 gz Th 1% 1% 1% 1% 1%
On demand rail o i 31 11 0 0% 0% 0% 0% 0%
Ar 4 1211 0532 a72 f15 T4 13% ) 1% 0% 11%
G i 1053 591 415 o 0% 10% 7% £% | 0%
TOTAL 4330 1064 g111 gdaa 5761 100 % 100% | 100% | 100% 100%

Table 7.3: Forecast passenger-km in 2030 per transport concept and per scenario

Ride sharing holds, in every scenario, more or less the same market share. This
does not mean, however, not that the occupancy rate is constant. This differs
strongly by scenario. In the Unrestricted Growth and Business As Usual scenarios
occupancy rates decrease and in the sustainable scenario it increases. In the Sus-
tainable Balance scenario it is foreseen that ride-sharing will especially increase in
importance.

During the period 1995-2030, the transport share of collective passenger transport
increases in all scenarios. The situation varies considerably from one transport con-
cept to the other. For example, in the scenario Unrestricted Growth the use of road
transport on demand stabilises, whereas this grows considerably in the other three
scenarios. Organised collective transport grows especially significantly in the two
“growth” scenarios. This is due to the fact that collective road transport aims at long
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distance markets. The volume in the short distance markets drops significantly in the
Unrestricted Growth scenario. Another major growth area is long distance rail trans-
port. Under influence of increasing economic development, new high speed links are
realised. This leads to a renewal of long distance rail transport.

Table 7.4 gives the outcome per vehicle concept. It can be seen that the scenarios
differ much less than they do for the transport concepts. Apparently a lot of innova-
tion takes place in the organisation of the European transport system; but the market
shares of the different vehicle concepts stay more or less stable. This reflects the
previously noted inertia of the transport system. It is not easy to replace one specific
vehicle concept with a new one. The interdependencies with other aspects, infra-
structure and so on, are so large that new vehicle concepts need a lot of time to gain
market share. Altogether it is assumed that only the urban car vehicle concept will be
able to find a space in the market place. In the two sustainable scenarios the urban
car realises a fairly significant market share: 8%. In the Sustainable Balance sce-
nario, this even implies a reduction in the total number of passenger km with the all
purpose car compared to 1995. In the Sustainable Growth scenario all purpose car
use still increases (+50%); overall mobility growth is too high to be served by the ur-
ban car. The market segments which are less favourable for the urban car, grow the
fastest: long distance trips. All purpose cars will maintain their market share in these
market segments.

hishicle concepts 1985 LG 5G BAL ] 1995 G 56 [T

Urban Car 1] 166 fiz1 46 445 0% % 2% 1% 2%
Urban Bus v T2 av 47 115 % 1% 1% 1% 2%
Truck o i il i i} 0% 0% 0% 0% 0%
All-purpose Car 3005 7320 4515 G042 2960 69 TO% 56 OTI% ) S1%
i o i i} i o 0% 0% o 0% 0%
Longdistance Bus i 204 55 37 183 5% 3% 3% 3% 3%
Slow hdaning “Wehicle = 1] i} o i} ] 04 0% 04 0% 0%
Humarn-Pow ered 171 236 it} aTd 200 4% 2% 3% 4% T
Powered Two-Wiheelers 71 145 kL 102 2490 2% 1% 4% 1% 5%
Comertional Heaw Rail 7z 305 Fd6 453 367 a% 4 4% 5% 6%
High Speed Rail ] KoK, 75 268 199 1% 4% 5% 3% 2%
Rail and Guided o fid a3 16 kil 0% 1% 1% 0% 1%
hidagl e o 0 14 i i 0% 0% 0% 0% D%
Light Rail and Peaple- 52 Thi 65 &1 171 1% 1% 3% 1% 3%
Subsonic Aircrat 308 1246 a10 g3z £84 T 12% 1% 0% 1%
Helicopter fi 10 3 4 z 0% 0% o 0% 0%
Cryaplane 1] 2 19 17 16 0% 0% 0% 0% 0%
Supersonic Commernzial 1] a7 o 12 1] 04 0% 1k 0% 0%
Airship o 1 I 0 12 0% 0% 0% 0% 0%
All-electric Ship o 1] 1] 1] 1] 0% 0% 0% 0% 0%
Fast Sea-going 1] 1] 0 1] 0 0% 0% 0% 0% 0%
Fast hland Fermies o i i} i i} 04 [I§A 0% 0% 0%
TOTAL 4330 10454 #1 EER £76d 100 oo 100% | fo0% | 100%

Table 7.4: Forecast passenger-km in 2030 per vehicle concept and per scenario

Freight transport
In Table 7.5 the results for freight transport demand are subdivided into the different
transport concepts. As stated before, the differences between the scenarios are rela-
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tively small. Freight transport by road will continue to dominate. In 2030 light and
heavy trucks together will have a market share of at least 60%. If road based sys-
tems as road train and Automated Vehicle Guidance are added this market share
rises to more than 70%. The exception is in the Sustainable Balance scenario; in this
scenario the market share of rail and water based systems is almost one quarter
(24%) of total freight transport demand.

In all scenarios the market share of air transport jumps ahead to 4% to 5%. Even in
the scenario with the lowest growth, the Sustainable Balance scenario, air transport
increases by 375%. As for passenger transport, air transport will definitely grow in the
next 35 years. Environmental problems related to air transport will rise on the political
agenda.

The use of van/light trucks increases in every scenario; but at the same time the
market share decreases in every scenario. The introduction of new logistics concepts
and increasing competition within the freight transport sector, means that carriers try
to consolidate shipments as much as possible. This produces a tendency towards
larger shipments and therefore larger vehicles. The market share of the heavy truck
stays therefore more or less constant, and if the market share of road trains and AVG
is included, it can be seen that larger vehicles will become more and more important
in the future. With respect to innovation policy this means that opportunities to influ-
ence the technological development are increasing.

The transport concept road train is assumed to gain a small market share in most
scenarios. It becomes really important in the Unrestricted Growth scenario. In this
scenario the road trains concept becomes mature and is able to achieve a market
share of 4%. In the other two scenarios, Sustainable Growth and Business As Usual,
road trains are only permitted on a limited scale.

Rail use stabilises in the Unrestricted Growth and Business As Usual scenarios. In
the two sustainable scenarios rail transport increases significantly. Nevertheless, the
market share of rail transport does not increase in any scenario. Even in the Sustain-
able Balance scenario the market share stabilises at 11%.

Water transport is expected to increase in every scenario. An increase in the scale of
the ships used causes costs per ton km. to decrease significantly. Despite the lower
speed, water related transport is therefore able to stay competitive. It is remarkable
that in the Unrestricted Growth scenario the growth of water related transport is the
strongest. Due to the overall economic growth long distance freight transport displays
a strong increase and in this market water transport is very competitive.

Automated Vehicle Guidance (AVG) is expected to gain a substantial market share in
the “growth” scenarios. AVG combines the advantages of road transport with those of
rail transport. Especially in freight transport there is strong market pressure to intro-
duce AVG. After all AVG makes it possible to drive a part of the route without the ac-
tive role of the driver. Within road transport the costs of the driver are a major part of
running costs. Saving on this, will make road transport more competitive. There is
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also a need for a number of technological innovations. In the two “growth” scenarios
it is most likely to have an environment in which AVG really can be introduced.

Underground systems will only play a role of importance in the two sustainable sce-
narios. To realise these systems active (financial) support of governments is neces-
sary. This is not expected to take place in the Unrestricted Growth and Business As
Usual scenarios. Because in the Sustainable Growth scenario sufficient financial re-
sources are available, underground systems will really take off in this scenario.

Transport concept 1995 UG SG  Bal =B 1995 UG =G  BaJ  SH
ian! light truck 322| 730| 449| s10| 333 29| 2o%e| 15| 21w| 18%
Heawy truck 696 1586] 1347 [ 1104 925] 48%| 43| 4e%| 48%] S1%
Feoad train 0] 135 | 28 4| 0% 43| 1% 1| 0w
Corvertionsl Rl 195 153] 213| 148| 203] 11 4% 7wl %l 1%
High speed ral 0 131 *®| 14 0| 0% 0% 1% 1% 0%
Inland shippinghange 1000 294 205| 151| 121 7% Bo%| 7% EB%| 7%
Shiig 150] za6| 24| 174| 163[ 10% 7| 7w | 9w
air 16 142 10| 12| el 1% | am| swm| 4w
G 0] 484] 35| 139 of o%| 13w 11w Bw| 0%
I ncerground systems u] ] 25 ] g 0% (1 1% 0% 0%
TOTAL 1439| 3703] 2947 | 237a] 1831] 100%| 100%] 100% | 100% | 100%

Table 7.5: Forecast tonne-km in 2030 per transport concept and per scenario

7.4 Key issues for the European transport system

e Most change can be expected in passenger transport. In almost every scenario
the future situation in 2030 differs significantly from the 1995 situation. For freight
transport the differences, between the different scenarios, are relatively small.

¢ Regardless of the scenario, the privately owned vehicle (including bicycles) con-
tinue to dominate the passenger transport system. Even in the most extreme sce-
narios — the two sustainable scenarios, privately owned vehicle use, maintains a
market share of, at least 40%.

e It is interesting that, especially with passenger transport, the differences between
scenarios are relatively small — if the results are described in terms of vehicle con-
cepts. Looking at transport concepts, the differences in market shares are much
larger. This shows that a lot of innovation will take place in the organisation of the
European transport system; but that, more or less, the same vehicles will be used.
This reflects the inertia of the transport system. It is not easy to replace one spe-
cific vehicle concept with a new one. The interdependencies with other aspects, in-
frastructure and so on, are so large that new vehicle concepts need a lot of time to
gain market share.

e The only newcomer is the urban car vehicle concept. The urban car realises a
fairly significant market share, especially in the two sustainable scenarios of 8%.

o Within freight transport air transport shows, in every scenario, the largest growth.
In the Unrestricted Growth scenario this is greater than 800%. It must be noted
that the market share of air transport remains rather limited at 4%.
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¢ In almost every scenario road freight transport at least doubles. The exception is in
the Sustainable Balance scenario: road transport increases by a moderate 40% in
the period 1995-2030.

e Growth figures within passenger transport differ across the scenarios significantly.
For instance the strongest growth figures in the sustainable scenarios are for the
powered two-wheelers; whereas this same mode shows the smallest growth in the
other two scenarios, and even a decrease in the Business As Usual scenario.

e Air passenger transport increases in every scenario significantly, but especially in
the Unrestricted Growth and Business As Usual scenarios, respectively a +317%
and a +178% increase in the period 1995-2030.

¢ With the exception of the Sustainable Balance scenario the number of car kilome-
tres grows in every scenario. This fluctuates between +71% in the Sustainable
Growth scenario and 173% in the Unrestricted Growth scenario.

e A major trend is that the number of vehicle concepts within one transport concept
is increasing. This can be found in every scenario. This underlines the by the ex-
perts stated view that interoperability will become more and more important in the
future.

O D12 "Characterisation of technologies for impact assessment”
D13 "Definition of European transport systems"
D14 "Scenarios"
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8. ASSESSMENT

8.1 Safety assessment

Key technologies
The analysis has shown in detail the impact of the most important technologies on
safety.

For each transport concept at time horizon of 2030 is in evidence a high reduction of
the accident’s number (and consequently of deaths and injured) thanks of some in-
novation technologies, particularly telematic, introduced in the vehicles.

In terms of accidents — considered the main impact category — the results are as fol-

lows:

e For road mode the anti-collision system has determined a reduction even at 7% of
accidents, driver monitoring between 5% and 18% and lane keeping between
0.8% and 2.6%.

In addition to the direct impact on accident numbers there are other positive effects

like: less traffic and a reduction of lost time for congestion caused by accidents; less

social costs as social security costs, assistance costs and sanitary costs for all sub-
ject involved; a positive effect on equipped and no equipped vehicle.

These results derived from a medium-high market share forecast for the future, in
fact anti-collision and lane keeping will achieve a market share at least even at 40%
in 2030, driver monitoring at least even at 40% already in 2020.

The other technologies analysed in the study have less effects on safety, some of
these are considering instead a normal equipment for the vehicle that will be on the
market in the future.

e For rail mode the introduction of new railway infrastructure has caused a decrease
of accident even at 7% for passenger transport and 7.5% for freight transport with
a forecast market share at least even at 40% in 2020.

Further the direct impact on accident numbers there are other positive effects like:

decrease of road congestion; greater efficiency of net; lack of service’s interruptions;

shift of passenger and freight from road.

e For air mode the main important innovations are air traffic management with a de-
crease of accidents even at 13.5% and a weather security system with a decrease
even at 9%; these results are forecasted with a market share of 40% in 2020.

In addition to the direct impact on accident numbers there are other positive effects

like greater punctuality of aircraft and less congestion at airport infrastructures.

Transport system view

The impact on safety is not correlated only with telematic innovation and new tech-
nologies, but it also depends on infrastructures development and management sys-
tems. Certainly the main impact on safety is to bring about the innovation technolo-
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gies introduced directly on the vehicles but also the external factors are important to
obtain a more consistent global impact, in fact the external conditions could improve
or limit the security of equipped vehicles. This is particularly true for the infrastruc-
tures that are the most significant external instruments to realise a safe transport sys-
tem.

Of course the fare structure and the management are important too: the fare struc-
ture could change the modal distribution and so it could be a good instrument to im-
prove the security especially of road mode.

The infrastructures development

As concern road passengers transport, new investments to improve the actual infra-
structure or to realise a good maintenance are foreseen. This hypothesis is the best
to improve and to encourage the introduction of new technologies, in fact a better net
can improve the performance of security systems.

In the field of long distance passenger transport, it is necessary to reconcile the de-
velopment of high-speed railway transport with safety. Combined transport for pas-
sengers is, in fact, one of the more promising tools that can struggle against the un-
bridled use of the private car, with its consequences of system congestion, saturation
and negative effects on the environment.

In the field of local rail passengers transport, the urgency concerns the improvement
of travel quality to encourage a better balance between the different transport means.
The desired quality improvement cannot be achieved without the strengthening of the
network and the renewal of the circulating rolling stock, objectives which, obviously,
are closely correlated with the use of new safety technologies.

Regarding freight transport, much needs to be done.

Freight transport must be reorganised according to a re-equilibrium between road
transport and rail transport, attributing to each their respectively suitable role, that is,
using the railway for long distances and letting road transport fulfil the duty of con-
necting and distributing the flows of traffic. This is the direction followed by the EU
policies which envisage restructuring of the motor transport sector and intermodal
development, in particular by strengthening or constructing efficient rail-vehicle inter-
point terminals. Thus, freight transport can receive huge advantages from the intro-
duction of innovative technological applications regarding safety, the possibility exist-
ing for these new technologies to be utilised in the framework of a rehabilitation and
improvement of the whole sector.

Fares and transport management systems

The safety-oriented innovative technologies can affect rate and price system reor-
ganisation concerning all modes of transport. In fact the new technologies can:

¢ l|ead to an increase in the price of purchase of vehicles through incentives and de-

velopment supports by the individual national governments or supranational insti-
tutions such as the EU;
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e bring about rate adjustments aimed at absorbing the eventual investments made
in modern equipped public transport vehicles.

The necessary improvement in the transport systems management can only be
achieved by carrying out a number of “ad hoc” reforms several of which, however,
are already being carried out consequent to community directives. A large number of
interventions already being carried out or which are expected to be carried out in the
near future can have important impacts on the diffusion and further development of
the technological applications concerning safety. The correlation existing with the re-
organisation and the improvement of the transport networks is obvious: greater
safety implies greater capacity of the infrastructures at equal equipment provision
and a better control and management of traffic; that is, the development of one im-
plies and amplifies the other in a circle which, sustained by adequate incentivating
policies, can become virtuous.

O D16 "Safety impacts and benefits of new transport systems"

8.2 Environmental assessment

Key technologies

In the long-term (time horizon of 2030), a variety of technologies contribute to envi-
ronmental improvements. This can be illustrated by comparing the contributions to to-
tal CO, emissions and tonne or passenger kilometres from different vehicles and
technologies. The form of chart shown allows the identification of technology and ve-
hicle packages that contribute to meeting transport demand (i.e. passenger km or
tonne km), whilst also showing the contribution towards total lifecycle CO,. Using life-
cycle emissions (i.e. including fuel production and electricity generation) enables dif-
ferent propulsion technologies to be compared on a level playing field. Where the
left-hand bar is higher than the right, the vehicle/technology combination is less CO,
efficient, and thus less favourable from a CO; point of view.

In the passenger sector, advanced conventional petrol and diesel propulsion meet
the majority of demand and emit more than ‘their share’ of CO,. However, methanol
fuel cell and hybrid propulsion are also likely to meet passenger demand without
such high lifecycle CO; implications. In addition, it should be remembered that many
of these technologies also have positive impacts in other assessment categories,
such as air quality and noise. The CRISP propfan aircraft is seen to make a low-CO,
contribution to meeting passenger demand, with high penetration in 2030, and is an-
other significant technology. High speed rail, whilst meeting a small proportion of
demand, has an unfavourably high use of electrical energy (in a average European
electricity generating future based on combined cycle gas turbine; CCGT) and this is
highlighted in this lifecycle approach. Conventional means of assessing CO, emis-
sions would ignore this factor.
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In the freight sector, hybrid heavy goods vehicles (HGVs), vehicles using automated
vehicle guidance (AVG) and conventional rail technologies contribute to tonne km
movements with relatively low lifecycle CO, consequences. Ship and inland water-
way movements look less attractive using this methodology, but results are sensitive
to assumptions on freight load factors; these are unchanged throughout the four sce-
narios.
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Figure 8.1: Passenger technologies and demand as proportion of total lifecycle CO,
(BAU scenario in 2030)
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Figure 8.2: Freight technologies and demand as proportion of total lifecycle CO,
(BAU scenario in 2030)

Urban NO, and PM emissions

NOy and particulate matter are key pollutants in urban areas, and are currently under
the greatest policy scrutiny, due to their likely short and longer-term effects on human
health. Total emissions of these pollutants in urban areas, therefore, are key indica-
tors of environmental impact. As can be seen in the chart below, particulate emis-

Page 54 of 120



Forecasting and Assessment of New Technologies and

bid@mE-+a
Fﬂ“TﬂSlE Transport Systems and their Impacts on the Environment

Final Report
August 2000

sions are set to fall markedly under the BAU scenario (to 31% of their 1995 levels),
not least due to legislative measures already set in place for road vehicles, especially

freight vehicles.
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Figure 8.3: Total urban particulate emissions (BAU Scenario)

Urban NO, emissions show a similar trend but 2030 emissions are even lower at
14% of the 1995 levels, as shown below. The improved performance of the all-
purpose car contributes the most significantly to this reduction. Freight emissions in
urban areas become insignificant, but may have continued impacts around major in-

terurban routes.

1995 2005 2020 2030

All-purpose car 81% 20% 9% 6%
Conventional heavy rail 5% 6% 7% 7%
Long-distance bus 1% 0% 0% 0%
Urban bus 5% 1% 1% 0%
Heavy truck 5% 2% 0% 0%
Van/light truck 4% 1% 0% 0%
total (proportion of 1995) 100% 31% 17% 14%

0% implies < 0.5%

Table 8.1: Contributions to and change in total urban NO, emissions BAU scenario

The contribution of technologies, and to a less degree, transport organisation, in re-
ducing total urban emissions of NOs and PM can be seen in the following table which
compares growth in passenger and tonne kilometres with forecast changes in total

emissions.
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Urban passenger Urban freight
Time horizon passenger-km NO, PM tonne-km NO, PM
1995 1.00 1.00 1.00 1.00 1.00 1.00
2005 1.17 0.30 0.61 1.04 0.42 0.49
2020 1.32 0.17 0.58 1.08 0.11 0.20
2030 1.40 0.15 0.51 1.10 0.09 0.15

Table 8.2: Transport demand and urban NO, and PM emissions as proportion of
1995 (BAU scenario)

Key policy issues

The key areas of environmental policy concern for European transport are green-
house gas emissions and urban quality of life, including air quality, noise and nui-
sance.

Under the business as usual scenario (BAU) developed in FANTASIE, with various
transport demand, organisational and technological changes forecast, direct CO,
emissions are set to rise by 31% between 1990 and 2010. Only under the sustain-
able balance scenario, characterised by moderate economic growth and high sus-
tainability, are emissions set to drop (by 3%). Between 1995 and 2030, the base and
target years of FANTASIE, this rise is forecast at 24%, under BAU.

Lifecycle CO, emissions, taking account of fuel production and electricity generation,
are set to increase by 33% between 1990 and 2010 and by 28% between 1995 and
2030, under BAU.

Scenario analysis has highlighted the contributions from transport demand, organisa-
tion of supply and transport technologies towards direct CO, emissions. Sustainable
scenarios show that 225 million tonnes can be saved in 2030 through lower transport
demand, but even under favourable economic growth conditions, up to 84 million
tonnes can be reduced by changing transport organisation and how it meets demand
(e.g. greater use of collective and public transport concepts). Finally, advanced tech-
nologies can save up to 126 million tonnes, under the high sustainability, high growth
scenario.

For urban air quality, NOx and particulate emissions are of essential policy interest.
Assessment has shown that total emissions of these pollutants is set to fall steadily
up to 2030, due to policy actions already set in place and further technological ad-
vances expected in vehicles operating in urban areas, particularly electric urban cars
and hybrid and fuel cell buses. Freight vehicles (trucks and vans) will contribute sig-
nificantly to overall improvements, especially in NOx emissions. Transport demand
effects towards the end of the FANTASIE timescale mean that the rate of improve-
ment is slowed markedly by increasing transport activity.
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Noise impacts are set to improve within a range of transport concepts. Because of
their large projected market shares, all-purpose and urban cars and heavy vehicles
using electric and fuel cell propulsion technologies are expected to show the largest
overall improvements in this impact category. Development of electric, hybrid-electric
and fuel-cell vehicles of all types will particularly benefit the urban environment. In-
terurban road noise conditions are less easily influenced and high speed rail con-
cepts have the potential to increase noise levels as speeds and train lengths in-
crease.

0O D19 "Environmental impacts and benefits of new transport systems"

8.3 Efficiency assessment

Efficiency in transportation represents the relationship between the resource use and
costs on the one hand and the productivity on the other.

Key road issues
The contribution to the overall system efficiency of the road TCs are assessed in
Table 8.3.

Key are the improvement of intermodality and push and pull measures to encourage
modal shift from individual cars. Push measures aim to make the use of car less at-
tractive such pricing, pull measures aim to make the other modes more attractive
with higher quality services.

The most significant technologies are propulsion systems for the impacts on energy
efficiency and telematics for all the other aspects. The contribution which can be ex-
pected from telematics in the different problem areas is shown in Table 8.4.
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Transport concept (TC) | Space use | Availability Flexibility | Accessibility | Costto the | Reliability Overall Supporting policies Main problem area and
and capac- users congestion specific demand seg-
ity use ment/market niche
Conventional collec- ++ + + ++ public transport prioritisa- high-demand corridors
tive tion push and pull meas-
ures
Individual conven- ++ ++ ++ traffic management, de- all
tional mand management,
mobility management for
car, dedicated
infrastructure, awareness
campaigns and public
advocacy for walking and
——_Cyciin -
Dedicated urban car + ++ ++ ++ + special pa¥k|nggand pric- urban
ing arrangements
Individual public + + + + + + multi-modal payment, car | urban semi-central areas,
ownership taxation, park- | short distances feeding to
ing policies primary public transport
routes
On-demand collective + + + + + + publicity, mobility man- people with reduced mo-
agement schemes, subsi- | bility, low density areas
dies
Ride sharing + + ++ + + special parking and pric- | urban, local needs of resi-
ing arrangements, high dential estates or busi-
occupancy vehicle lanes, ness areas
mobility management
schemes
Vehicle sharing + ++ + + egress from main inter-
changes
AVG ++ ++ ++ ++ ++ ++ public-private partnerships | long distance, high de-

for market take up

mand corridors

+ low benefit, ++ high benefit

Table 8.3:

Main system-level efficiency benefits of road passenger transport concepts
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Telematics function Rural Interurban Urban
Traffic control
Section traffic control ++ +++
Intersection traffic control ++ +++
Network traffic control ++ +++
Localised area traffic control ++ +++
Travel information
Travel planning +++ +
Static route information +++ +
Personal communications ++ +
Traffic information
Navigation ++ +++ +++
Route guidance direction ++ +++ +++
Dynamic route guidance ++ +++ +++
General management and logistics
Strategic planning ++ +++ +++
Strategic management +++ +++
Forecasting +++ ++
General information management +++ +++
Infrastructure management +++ +++
User rescue service management +++ +++
Infrastructure service logistics +++ +++
Fee collection management + +++
Policing/enforcing management ++ +++
Demand management
Demand restraints +++ +++
Supply control ++ +++
Parking management
Parking space management +++
Parking guidance +++
Parking reservation and payment +++
On-street parking management +++
Public transport management
Scheduling +++ ++ +++
Operations management + ++ +++
Passenger information +++ ++ +++
Fare collection +++ +++ +++
Maintenance + + +++
Freight and fleet management
Logistics and freight management ++ ++ ++
Fleet/source management ++ ++ ++
Vehicle/cargo management ++ ++ ++
Hazardous goods monitoring ++ ++ ++
Vehicle control
Monitoring environment and road +
Monitoring driver +
Monitoring vehicle +
Vision enhancement +
Collision risk estimation +
Actuator control +
Dialogue management +
Co-operative driving
Intelligent manoeuvering and control + + ++
Intelligent cruise control + ++ ++

Key: - noimpact; + useful; ++ important;

+++ essential

Table 8.4: Relevance of road telematics to the efficiency of the problem areas
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Key rail issues
The key policy conditions required in the efficiency category for this specific TC are:

An improved network of the transport carriers (rail), including their means of trans-
port and the transfer of traffic towards energetical and ecological transport carriers
have to be promoted with more emphasis. A decisive role has to be carried out by
the nodes (termini) of the transport network, respectively of the transport infra-
structure. They represent the bottlenecks and due to this fact the termini have to
be planned, developed and realised in order to remove these deficiencies.

Disassembly of vehicles and separation of materials is indispensable. A high per-
centage of its contents should be fed back into the raw material cycle.

The most significant expected contributions to the efficiency-related CTP objectives
are:

New termini, equipped with new technologies, can accelerate significantly the
transport process (of persons and goods).

The reliability, punctuality and the quality of transport processes will increase. This
provides a higher system productivity and therefore an improved economy.

To decrease environmental impacts is a main requirement for the energy supply of
the future. The different energy carriers have quite different environmental impacts
and depend on the possible pathways describing the energy carriers.

Physical infrastructure innovations in the transport sector can improve the eco-
nomic, ecological, technical and, in particular, safety of a transport system.

To increase train speed and therefore to decrease travel time.

To reduce the level of stress associated with travel (many telematic functions have
this specific goal)

To improve travel time predictability (very good results can derive from further
R&D on traffic control, on incident management and on travel and traffic informa-
tion).

Over long term time horizons additional elements in the pathways may appear, like
solar thermal power station, fuel cell natural gas power station, fuel cell hard coal
power station, etc. ( one main element is the application of stationary fuel cells).

The areas of prioritisation for policy intervention which are relevant to the efficiency
objective are:

New technologies and applications have to be stimulated: in particular a need is
recognised for

e recycling and upgrading waste material (urban rail);
o fuel cell and battery technology (on-demand rail);
¢ new railway infrastructure and applications especially MagLev (regional rail);

¢ traffic management systems and integration of information technologies with
GNSS (Global Navigation Satellite Systems), wireless communication systems
and computer communications networks (Internet, LAN, WAN) for long distance
passenger and rail (interurban rail).

With the aim of creating the single market in transport services and support the
transition from a national regulatory system, the nee for enforcement of the com-
petition, state aids and legislative initiatives in specific transport sector is recog-
nised.
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¢ Infrastructure mainly involves high capital costs but maintenance costs are rela-
tively low in comparison with these investment costs.

The following policy conditions are urban-specific:

e The gradually increasing traffic problems of the cities can only be solved by ex-
ploiting other levels of transport. Underground and urban railway construction,
road tunnel construction and subterranean parking facilities are the logical conse-
quence.

e With the prime objective of preserving, and if possible further developing the
mobility of the citizen while counteracting destruction of the landscape and
keeping cities in their historic structures as centres of culture, trade and
communication, subsurface constructions have been developed considerably.

¢ Although to better use of transport resources is very high up on the agenda of the
CTP to reduce congestion, it still appears difficult to overcome traditional prefer-
ences for individual traffic privacy. In this context great efforts have to be produced
in order to limit the congestion by means of ad hoc legislation.

Key air issues
Construction and Maintenance Costs (CMC)

¢ Significant investment is required in refuelling infrastructure for the alternative fuel
and renewable energy/fuel production trajectories of the cryoplane VC.

e There may be some increases in vehicle usage charges associated with the alter-
native fuel and renewable energy/fuel production trajectories of the cryoplane VC.

e The could be substantial reductions in vehicle usage charges associated with the
airship VC.

Vehicle Operating Costs (VOC)

e Possible large reductions associated with megaliner VC.

e Civil tiltrotor technology as a part of helicopter VC could offer substantial reduc-
tions over traditional helicopter.

e Cryoplane VC operating costs dependent on fuel prices.
¢ Airship VC could offer substantial reductions over conventional aircraft.

Travel Time Savings (TTS)

o Civil tiltrotor technology as a part of helicopter VC could offer substantial savings
over traditional helicopter.

e Supersonic commercial transport VC offers travel times about half that of conven-
tional aeroplane.

¢ Airship VC is substantially slower than conventional aircraft.
Comfort

e None.
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Key waterborne issues
Maritime transport and inland waterways have been dealt with separately.

The efficiency assessment for the waterborne TCs was carried out for the four main
impact categories: CMC, VOC, TTS and comfort.

Maritime transport results
Construction and Maintenance Costs (CMC)

e Possible reductions associated with improved operational efficiency and fuel con-
sumption of all electric ship VC.

e Fast sea-going ferry VC will have higher fuel consumption but improved operating
efficiency.

Vehicle Operating Costs (VOC)

e Possible reductions associated with improved operational efficiency and fuel con-
sumption of all electric ship VC.

e Fast sea-going ferry VC will have higher fuel consumption but improved operating
efficiency.

Travel Time Savings (TTS)
¢ Significant savings associated with the fast sea-going ferry VC.
Comfort

e Improved ship design and transport quality will offer potential for increased comfort
in the all electric ship VC.

¢ Improved comfort will be one element of the fast sea-going ferry VC.

Inland waterways results
Construction and Maintenance Costs (CMC)

¢ Possible reductions associated with whale tail ship VC
Vehicle Operating Costs (VOC).

e Possible reductions associated with whale tail ship VC
Travel Time Savings (TTS).

¢ Significant savings associated with the fast inland ferry VC.
Comfort

e Improved ship design will offer potential for increased comfort in the whale tail ship
VC.

¢ Improved comfort will be one element of the fast inland ferry VC.

O D17 "Efficiency impacts and benefits of new transport systems"
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8.4 Socio-economic assessment

Socio-economic impacts can be broadly categorised into three types:

o direct effects, where changes occur as a result of a development or new transport
concepts;

¢ induced effects, where indirect effects are promoted;

o catalyst effects, where changes in other economic sectors or geographic regions
by be catalysed by the developments.

Socio-economic impacts have mainly an indirect character and as mentioned above

five main impact areas have been assessed:

e economic development;

e completion of single market;

e social cohesion and quality of life;

e public acceptance;

¢ others, like enlargement, global trends and lifestyle.

In the following the impacts on problem areas are shown.

Urban passenger transport

Within urban passenger transport the individual vehicle (IV) has the dominating im-
pacts. For the scenarios BAU and UG positive impacts are mainly based on the
higher amount of vehicles. In terms of social cohesion it means an increase of indi-
vidual availability and accessibility for those, who are owners. For non-owners this
will become a problem, because public transport concepts will loose some impor-
tance relative to the other TCs and in some cases also absolute. In the scenarios SB
and SG the IV concept has negative impacts, especially in the field of economic de-
velopment, because the trend concerning production of individual vehicle concepts
goes towards to lower value vehicles, e.g. dedicated cares, as urban cars or human
powered two wheelers. In these scenarios transport supply by collective TCs is grow-
ing in relative and absolute terms. This provides an improved mobility through all
groups of society. It is very likely that these specific scenario conditions promote the
objectives of the Completion of the Single Market, especially the formulated require-
ments of the EC papers Citizen Network and Fair and Efficient Pricing. External costs
will be considered in the costs for transport as well as sustainability in the transport
supply. Dedicated vehicle in all scenarios and vehicle sharing and IPT in the sustain-
able scenarios will appear as new TCs, which will provide some positive impacts
concerning availability and accessibility to transport. OCTR will loose importance
relative to the other TCs in all scenarios, whilst on demand rail will get some positive
impacts. General spoken the scheduled transport will decrease in favour to demand
oriented collective TCs. In sum the social functions concerning these TCs will be en-
sured.
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Figure 8.4: Urban passenger transport

Rural passenger transport
Except for the SB scenario, starting from a high level (base case) the IV will still rep-
resent the most important TC with all the advantages in availability and accessibility
to transport for those, who are owner of an vehicle and the disadvantages for non-
owners. Dedicated vehicles, which are adapted to the users’ needs will come into the
market. Scheduled public road transport decreases in favour to on demand road
transport, which means an improvement in availability. Especially in the sustainable
scenarios collective transport concepts will increase positive impacts and ensure
mobility for broad social classes, which has positive influence in view of equity. IPT
and vehicle sharing also appear in this context which will also provide more con-
sciousness for mobility in the society.
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Figure 8.5: Rural passenger transport
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Interurban passenger transport

Interurban passenger transport from 15 km up to 250 km represents over 50% of
transport market share, and therefore this segment represents the most important
area in the socio-economic context. The |V is again in this problem area the dominat-
ing TC. In BAU and UG impacts are positive and means that mainly caused by the
increased amount of vehicles availability, including the possibility to make discretion-
ary trips and accessibility to transport is growing significantly for vehicle owners. In
the sustainable scenarios negative impacts mean that social cohesion will decrease
in relation to this TC.
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Figure 8.6: Interurban passenger transport (15-250 km range)

For interurban passenger transport with distances over 250 km the IV concept has
positive impacts in all scenarios, which means that the availability and accessibility
will grow. For the segment over 250 km, which represents a market share over 10%
the transport demand and in connection all socio-economic relevant impacts are
growing dramatically for the air transport concept. This means that availability and
access to this TC is growing for broad classes in the society, which may differ by dif-
ferent scenario conditions, e.g. income distribution.

For the complete interurban transport ride sharing will increase its positive impacts
which provides a more common sense. Together with the TC vehicle sharing ride
sharing can compensate the negative IV impacts in the sustainable scenarios. AVG
as a new TC will come into the market with significant positive impacts, by relieving
tasks from the driver. This includes potentials for specific groups, using this TC. Rail
transport will gain more importance with some emphasis on long distance rail con-
cept. These positive impacts result also in a higher availability and accessibility to
transport. Nearly all collective transport concepts in this area take care for specific
groups. For solving the increased future transport demand they will follow the objec-
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tives for Completion of the Single Market with emphasis on operational features (so-
cial dimension).

Interurban Passenger Year 2030 (>250km)
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Figure 8.7: Interurban passenger transport (>250 km range)

Urban freight transport

Urban freight up to 15 km has a market share of approximately 5%. Van/light truck
will keep the dominating role. This TC is characterised by high flexibility and ensures
supply of economy and industry. The impacts for Completion of Single Market will be
only improved under the SG scenario conditions. In BAU and UG role of heavy truck
will slightly be increased. Driver assistance systems will support operation of these
two TCs and may have positive impacts concerning the working conditions of em-
ployees. Underground freight concept will only come into the market under the SG
and SB conditions.
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Figure 8.8: Urban freight transport
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Interurban freight transport

Interurban freight transport with distances over 15 km represents approximately 90%
of freight transport demand and is mainly affected by the increased future transport
demand and needs improved intermodal and interoperable transport chains. The
most important TCs in this problem area are van/light truck and heavy truck. Ad-
vanced telematics and MMI improve the working conditions for the drivers. Starting
from a high level, the growth rates for these TCs represent a specific challenge for
the infrastructure provision. In this context AVG as a specific telematics application
will come into the market (except SB). The most significant growth rate for freight
transport over 250 km is in the air sector, which needs efforts in further development
of airports and operational features, e.g. ATM. Importance of the waterborne TCs will
grow, which also requires further development of physical and informational infra-
structure. In BAU and UG importance of rail freight will decrease in absolute terms
and in all scenarios freight transport by rail decreases relative to the other modes. In
other words the scenarios do not provide the conditions to increase the share of
freight transport by rail. Nearly all politicians postulate to strengthen this mode and
therefore additional efforts are necessary.

Except for the UG scenario, where the market conditions have the dominating influ-
ence impacts concerning the objectives of the Single Market are significantly positive
nearly for all TCs.
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Figure 8.9: Interurban freight transport
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8.5 Socio-economic aspects of safety, efficiency and environment

The socio-economic importance of transport within Europe can be highlighted by the
following values, published by EUROSTAT and the German Forum for Transport for
the year 1996.

Contribution to gross national product

e 470 billion Euro, which represent 7% of GNP or 1300 Euro per person

e 70 billion Euro for infrastructure investment or 1% of GNP

e 6 million employees in transport services (4% of all employed persons)

¢ 2 million employees in transport equipment industry

e 6 million employees in transport related industry, where 1/3 is assigned to freight
transport and 2/3 to passenger transport

e Households spend 600 billion Euro/year of their disposable income for transport
purposes

The negative impacts are shown by the external costs of transport which were esti-

mated, as

e 27.0 billion Euro/year for air pollution (= 0.4% of GNP)
e 13.5 billion Euro/year for noise (= 0.2% of GNP)

¢ 135.0 billion Euro/year for congestion (= 2.0% of GNP)
e 102.0 billion Euro/year for accidents (= 1.5% of GNP)

which makes an amount of 277.5 billion Euro per year or 700 Euro per person.

Following issues highlight some results of the specific assessment areas, which are
assumed to have specific importance in the socio-economic context. These issues
cannot be quantified in comparison to above mentioned values, but they should indi-
cate specific trends.

In the safety area driver assistance systems have the highest positive impacts in
road safety. Anti-collision systems for passenger transport are estimated with 7% and
driver monitoring systems for freight transport are estimated with 5-18% to reduce
accidents. These technologies fully meet the objectives of EC transport policy, where
increasing road safety is on top of agenda. Avoiding accidents means also avoiding
congestion by these incidents. This has positive effects on net capability but also re-
duces external costs. Further extension and new implementation of railway infra-
structure reduces accidents at about 7% in the rail sector. Further development of
physical infrastructure is accompanied by further development of information tech-
nology infrastructure and implementation of advanced rail traffic management sys-
tems. Beside the improvement concerning the safety this also will include positive
impacts in the efficiency sector. Air traffic management (ATM) systems are the most
promising technologies for increased safety in the air sector and is estimated by a
rate of 13%. Similar to the rail sector this technology will increase net capability and
therefore is a boundary condition to solve the enormous increased transport demand.
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Physical infrastructure and telematics infrastructure are of decisive importance in the
efficiency area. For further extension or upgrading of physical infrastructure use of
recycled and local materials will become more and more important. In the socio-
economic context this means beside positive employment impacts also saving of re-
sources. Further development of physical infrastructure is scenario independent.
Only in the sustainable balance scenario there is no emphasis on road infrastructure.
Additional in all scenarios further development of IT, respectively telematics and their
infrastructure is essential. Telematics development and application have a lot of op-
portunities as an employment factor. New services and operating schemes create
new qualitative jobs and open new companies and especially SMEs high potentials.
Looking at the net capability generally it is not so expensive to invest in telematics
than to invest in physical infrastructure construction. But nevertheless there has to be
found a compromise between these two possibilities to reduce congestion on one
side and solve the increased transport demand on the other. The EC is required to
provide a framework for further infrastructure development. A specific role in this con-
text will become intermodality, where the strengths of the specific TCs have to be
used. To provide almost seamless interfaces in different terminal and transferia infra-
structure and technologies is necessary, where also EC is required to give the rele-
vant impulses.

To increase safety on the one hand and efficiency on the other represent adverse re-
quirements. One solution of the problem will be the introduction of advanced traffic
management systems. ERTMS and ATM developments are positive examples,
where this contradiction can be met. The solution for infrastructures, which are used
by different modes with their different TCs is quite more complex, e.g. in the road
sector. This represents a challenge, which concerns also EC transport and research

policy.
For the environment area almost in the near and middle term time horizon technical

progress will provide for conventional vehicle a decrease of NOy and particulate in air
pollution and noise and therefore improve urban quality of life.

Beside in the SB scenario it is estimated that CO, emissions are growing with its
negative impacts on the global climate, which is assumed to influence the global
economy in a negative way by global warming. Another aspect is in the limitation of
mineral oil, which is also affiliated with the efficiency assessment area. One solution
may be the broad introduction use of alternative and/or CO, neutral fuels for propul-
sion, mainly in the road sector. This requires a lot of effort in the development in rele-
vant infrastructure, beginning by the supply of the relevant fuels up to the refuelling
facilities and adaptation of the propulsion units of the vehicles. Because there are dif-
ferent possibilities it is necessary to agree on some paths on an European level,
which may use the advantages of location factors within Europe. Additional important
points of view are also be in the reduction of dependence of imported energy carrier
and saving resources. One contribution to the solution of this problem is in a broader
use of electric vehicles, including combination with combustion engines as hybrid ve-
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hicles which assigns the problem to earlier stages of the energy chain. This provides
additional advantages concerning local emissions (pollution and noise), especially in
the urban areas. This positive impacts induce also positive impacts for the concerned
individuals, e.g. by improving the living conditions.

The question of the future energy supply of transport is also an affair of energy policy
within Europe and one of the biggest challenge for policy, where the course have to
be set in the next time, by all relevant political levels.

8.6 Synthesis of impact assessment

Many new technologies have positive or negative impacts simultaneously for more
than one assessment area and with a great variety of impact areas. Hence a synthe-
sis was done to highlight only the most important impacts and the corresponding di-
mensions.

These dimensions are:

e three time horizons, short-term (S) 2005, medium-term (M) 2020, long-term (L)
2030, baseline year 1995;

e four exogenous scenarios, BAU, UG, SB, SG;

¢ five problem areas, urban, interurban and rural for passenger and urban, interur-
ban for freight;

e 23 vehicle concepts as described in the abbreviation list;

e 13 passenger and 10 freight transport concepts as described in the abbreviation
list; and

e market potential, low (L) below 30%, medium (M) between 30% and 50%, high (H)
above 50%.

There are only few technologies having key positive impacts in more than one spe-

cific assessment area but the others are often serving many vehicle and transport

concepts with a medium to high market share. Likely beneficial for all impact areas

are the group of telematic technologies having indirect positive impacts on the envi-

ronment and socio-economic issues as well. Robustness of positive impacts can di-

rectly be seen on multiple relevance in the different scenarios.

Modern Airships are likely to create not only a niche market with important indirect
benefits to avoid congestion in context with heavy and bulky loads but can start a
revolution in the construction sector to bring high quality factory manufactured big
modules to their final destination within cities and outside.

Supersonic transport is very unlikely due to strong negative environmental impacts.
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8.6.1 General key technologies

Key Technologies |Key Impacts Scenarios Time Market VC Problem Areas
BAU| SB | SG | UG | Horizons | Potential UP | UF IP IF RP
Fuel Cell: GHGs X X X M-L Small APCAR ICONVE X X X X X
Methanol reformer| Air quality X X X UBUS DECAR X X
Multi-fuel impacts VAN RIDES
Direct methanol | Resources | X X X CARS X X X X X
Depot reformation| Nuisance X X X OCPT X X
Improve- X X M-L L APCAR ICONVE X X X X
ment of fuel UBUS RIDES
efficiency
) VAN CARS
Negative:
Increase of OCPT
construction VANLT
costs AVGP
Economic X X X M-L Medium APCAR ICONVE X X X X X
develop- UCAR | DECAR
ment
. UBUS RIDES
Public ac-
ceptance VAN AVG
IPT
CARS
OCPT

Fuel cell propulsion may be based upon several different fuel and technology combinations, depending upon rate of technological devel-
opment, fuel availability and infrastructure development. There is uncertainty over the impacts that may be expected from each of these
combinations. Full life-cycle analysis is required to fully appreciate the contributions of fuel production and distribution on resource use
and greenhouse gas emissions. There is less doubt that fuel cells will lead to very significant (>90%) improvements in local emissions of
key pollutant species.
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Fuel cell technologies are expected to be significant in almost all scenarios and within many different vehicle and transport technologies.
They are expected to have greatest positive impacts on greenhouse gases and air quality impacts, but will bring improvements to nui-
sance (mainly urban traffic noise) impacts.

Fuel cells are expected to show a 50% improvement of fuel efficiency in 2030 compared with conventional petrol 1995. Fuel cell drives
are characterised by the highest fuel efficiency and the market share of such vehicles (APCAR, urban bus and van) in SG and BAU sce-
narios is a key element for the positive trend of the impact profiles. But construction costs are expected to be higher in the range of 50%
than conventional petrol 1995. Fuel cells may also have a negative impact on interoperability unless the technology develops at uniform
pace and with common standards for recharging primary fuels (hydrogen or methanol). The refuelling infrastructure for fuel cell powered
vehicles will be highly dependant on the on board technology development. If on-board petrol to hydrogen conversion systems are suc-
cessfully developed, conventional refuelling infrastructure will be used and no investments will be required for new infrastructures and the
refuelling time will be comparable to petrol. The short-term potential for fuel cells lies in using fossil fuels such as natural gas and metha-
nol.

Fuel cell propulsion /hybrids may be based upon several different fuel and technology combinations, depending upon rate of technologi-
cal development, fuel availability and infrastructure development. There is uncertainty over the impacts that may be expected from each
of these combinations. Changes in energy supply and introduction of new propulsion systems will have positive employment effects on
the one hand, but also negative effects to the general costs of transport on the other hand. Depending on the energy carrier a lot of in-
vestments into new infrastructure will have to be done. This will have influence not only for the transport industry, but also on non trans-
port industry. Fuel cell technology has additional positive socio-economic impacts like enabling more independence of imported energy
carrier and technological progress in specific industry segments. Fuel cell technologies still require a lot of effort in R&D to become more
economic. Nevertheless it seems that investment costs will increase for users. So people with a higher income will still have good access
to transport, whilst people with low income may have negative impacts concerning the social functions of transport.
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Key Technologies | Key Impacts Scenarios Time Market VC TC Problem Areas
BAU| SB | SG | UG | Horizons | Potential UP | UF | IP IF | RP
Hybrid Propulsion GHGs X X X S-M Small- APCAR | ICONVE | X X X X
Airquality | X | X | X medium | ygys | DECAR | X | X
impacts VAN RIDES
Resources | X X X CARS X X X X
Nuisance X X X OCPT X X

Hybrid Propulsion is also expected to have a significant role in the medium term, and be an important stepping stone technology to fuel
cell deployment. Whilst enabling significant reductions in resource use and therefore greenhouse gas reductions, hybrid drive technology
(for all-purpose cars, buses and possibly freight vehicles) will allow zero emission operation of these vehicles within urban areas where
air quality improvements are of the highest priority. Nuisance impacts will also see remarkable improvements in slow-speed urban opera-
tions.
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Key Technologies | Key Impacts Scenarios Time Market VC TC Problem Areas
BAU | SB | SG | UG | Horizons | Potential UP | UF | IP IF | RP
Advanced Con- GHGs X X X All Medium—| APCAR | ICONVE | X X X X X
Ve”t'or;ia(')rf’m“" Air quality | X X | X Large UCAR | DECAR | X
impacts TRUCK RIDES
Resources | X X X VAN CARS X X X
UBUS IPT
LDBUS OCPT
PTW
Economic X X X All Large APCAR | ICONVE X X X X X
develop- UCAR | DECAR
ment
. TRUCK RIDES
Public ac-
ceptance VAN CARS
UBUS IPT
LDBUS OCPT
PTW AVG
Advanced diesel Improve- X X X All M-H APCAR ICONVE X X X X X
efficiency
TRUCK RIDES
VAN CARS
UBUS IPT
LDBUS OCPT
PTW HTRUCK
VANLT
AVGP
Advanced conventional propulsion describes the development of more efficient and cleaner propulsions systems based upon existing

norms (e.g. Otto and diesel engines). These advances are likely to take the form of packages of technologies applied to various systems
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e.g. variable valve timing or turbocharging as part of the engine system and de-NOy catalyst or particulate traps in the exhaust after-
treatment systems.

Advanced conventional propulsion describes the development of more efficient and cleaner propulsions systems based upon existing
norms (e.g. otto and diesel engines). Under the assumption that sustainability is not promoted by policy and/or societal forces advanced
conventional propulsion is the dominating propulsion system, even in 2030. The technological advances are based on the conventional
technology trajectories and therefore less efforts in new infrastructure is necessary. But nevertheless these propulsion systems are affili-
ated to the individual transport modes in passenger transport and the most common concepts with the highest growth rates in freight
transport. In other words advances in these technologies will indicate extension of conventional physical infrastructure, which can be
compensated with improved telematics application and for transport with advanced transhipment technologies.

For advanced Diesel engines improvements in fuel consumption (and therefore CO, emissions) from individual technologies are ex-
pected to be up to 20% compared with conventional petrol 1995. Advanced Diesel vehicles will be predominant in the BAU and Unre-
stricted Growth scenarios due to their durability, fuel economy and torque advantages. As regards the refuelling infrastructures, the es-
tablished fuel distribution and supply infrastructure gives conventional petrol and diesel technologies a considerable advantage over oth-
ers for all the efficiency impacts.

Key Technologies | Key Impacts Scenarios Time Market VC TC Problem Areas
BAU| SB | SG | UG | Horizons | Potential UP | UF | IP IF | RP
Tiltrotor GHGs X X M Small ROTOR AIR X X
Nuisance X X

Tiltrotor technologies enable significant advances in rotorcraft technologies. With the same functionality as helicopters, these vehicles
will allow significant fuel savings and also considerable noise reductions. Both these impacts currently restrict helicopter deployment, es-
pecially within urban zones.
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Key Technologies | Key Impacts Scenarios Time Market VC TC Problem Areas
BAU| SB | SG | UG | Horizons | Potential UP | UF | IP IF | RP
Electric and Hy- Improve- X X X S-M L-M APCAR | ICONVE X X X X X
brid Systems ment of fuel UBUS DECAR
efficiency

UCAR RIDES
TRUCK CARS

) VAN OCPT
Negative: Increase of
construction HTRUCK
cost VANLT
AVGP

Electric and Hybrid Systems. The Electric and Hybrid systems are currently significantly more expensive than their conventional coun-
terparts and for such vehicles high costs are foreseen until 2020 because of the technology deployment. As the alternative vehicles
penetrate the market, economies of scale are expected to bring down the high initial costs in the longer term. In particular, in Sustainable
Growth scenario the high level of economic growth favour faster technological development of alternative propulsion systems, especially
hybrid. This technology requires a large amount of R&D and adequate incentive polices will enable the technology to achieve the neces-
sary industrial breakthrough. In the near term hybrid systems, both series and parallel, for their technical features are the best option to
achieve significant improvement in fuel efficiency. The major requirement for electric vehicles is to have their batteries recharged on a
regular basis. Consequently, recharging facilities are a key infrastructure requirement. The existence of large electricity production,
transmission and distribution networks can easily accommodate markets of EVs for niche applications in urban areas. Overnight and
normal recharging processes, using household electricity plugs, are expected to prevail during the early stages of EV introduction. Market
penetration might be improved through the development of public charging stations, as are being established in some locations. Specific
standards have to be introduced for safe and cost-effective charging. An other issue to be addressed regards the payment system. Smart
card is the more reliable but other user interfaces could be developed. Hybrid vehicle’s requirements broadly mirror those of conventional
and electric vehicles, assuming an electric/petrol vehicle.
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Key Technologies | Key Impacts Scenarios Time Market VC TC Problem Areas
BAU | SB | SG | UG | Horizons | Potential UP | UF | IP IF | RP
Defrosting/de-icing| Accidents X 2030 85% SUBAIR AIR X

system

Defrosting/de-icing system. A system for defrosting/de-icing the wings, structures and equipment of aircraft. The subsonic aircraft main-
tain its very high diffusion (85-90% in the different scenarios) and it will be equipped also with intelligent-co-pilot, fly by-wire, advanced

landing system and air traffic management with high score on safety impact.

This system protects the wings, structures and equipment of aircraft in case of snow, ice and if there are very low temperatures.

According to the last studies this system is very efficient to improve the level of safety for the air mode, in fact it causes a decrease of ac-

cidents even at 9% these results are forecasted with a market share of 40% in 2020.

There are other positive effects like greater punctuality of aircraft and so a less congestion of the airport infrastructures.

This system achieves a market share of 85% in UG at time horizon of 2030: in fact only in this scenario and at this time horizon is possi-

ble to equipped the largest part of air fleet with this system security.

Key Technologies | Key Impacts Scenarios Time Market VC TC Problem Areas
BAU| SB | SG | UG | Horizons | Potential UP | UF | IP IF | RP
Lightweight mate- |Reduction of| X X X X M Not MEGAAIR AIR X X
rials and struc- operating available | gygaIR
tures costs per
payload ROTOR
Negative: SCT
Increase of AIRSHIP
construction
costs
Economic X X X X M large allVCs | all freight | X X X X X
develop-
ment
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Lightweight materials. This technology allows for weight savings in air vehicles with primary benefits consisting in increased payload and
secondary in reduced consumption (the latter benefit is higher for megaliner).

Light weight technologies can be used for each vehicle concept and represent an important future construction principle (energy con-
sumption, decrease of resource use, etc.). This provides also changes in production technologies, where also some R&D is necessary,
even to improve EC-competitiveness. Changes in production will always have positive employment effects.

Key Technologies |Key Impacts Scenarios Time Market VC TC Problem Areas
BAU | SB | SG | UG | Horizons | Potential UP | UF | IP IF | RP
Improved aircraft | Improve- X X X X M H MEGAAIR AIR X X
engines ment of fuel SUBAIR
efficiency
SCT
Negative: Increase of
construction
costs

Improved aircraft engines. Fuel economy improvements in the range of 10-15% seem to be possible by design and materials (ceramics
allowing for higher combustion temperatures) improvements to turbofan engines in the short-term. Larger benefits of 20-30% are likely to
come from the introduction of inducted (propfan) engines in the medium term. Costs are currently slightly higher but are likely to decrease

to competitive levels if applied on a large scale.
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8.6.2 Key telematic technologies
Key Telematic |Key Impacts Scenarios Time Market VC TC Problem Areas
Technologies BAU| SB | SG | UG | Horizons | Potential UP | UF | IP IF | RP
Combined on- Improve- X X X X S-M M-H APCAR | ICONVE X X X X X
board emissions mer_mt _of fuel UCAR DECAR
and engine man- | efficiency
agement

TRUCK RIDES

VAN CARS
UBUS IPT

LDBUS OCPT
PTW HTRUCK
VANLT

AVGP
Combined on-board emissions and engine management. The major impact of this function is to contribute to the improvement of the en-
gine efficiency.

Key Telematic |Key Impacts Scenarios Time Market VC TC Problem Areas
Technologies BAU | SB | SG | UG | Horizons | Potential UP | UF | IP IF | RP
Multi-modal travel-| Travel Time | X X X X S H APCAR | ICONVE | X X X X
ler information/trip|  Saving UCAR DECAR
lannin
pranning Improve- VAN RIDES
ment of
comfort UBUS CARS
LDBUS IPT
PTW OCPT
VANLT
AVGP
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Multi-modal traveller information/trip planning. Providing traveller information over several modes of travel can be beneficial to both the
traveller and service provider. Enhanced information about intermodal connections will reduce delay at intermodal facilities and improve
accessibility. For passengers, better information about transfers means shorter delays in waiting for transportation services (e.g. transit
bus, shuttle, transit van) and reduced uncertainty about making connections. For passenger transport positive impacts are also expected,
especially as regards the efficiency of public services like demand responsive systems and car-pooling.

Key Telematic |Key Impacts Scenarios Time Market VC TC Problem Areas
Technologies BAU | SB | SG | UG | Horizons | Potential UP | UF | IP IF | RP
Dynamic route | Travel Time | X X X X S-M M-H APCAR | ICONVE | X X X X X
planning Saving UCAR DECAR
TRUCK RIDES
VAN CARS
UBUS IPT
LDBUS OCPT
HTRUCK
VANLT
AVGP

Dynamic route planning. In-vehicle Route Guidance systems, which provide drivers with turn-by-turn instructions based upon prevailing
traffic conditions to guide them to their destinations, are estimated to provide savings in travel times of 4-8%.

Page 80 of 120



[ s
FANTASIE

In-vehicle traffic information. Systems as RDS-TMC (Radio Data System - Traffic Message Channel) provide drivers with easy to under-
stand information on current traffic conditions via their radios are estimated to provide savings in travel times of 3-9%. The main likely im-
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Key Telematic |Key Impacts Scenarios Time Market VC TC Problem Areas
Technologies BAU| SB | SG | UG | Horizons | Potential UP | UF | IP IF | RP
In-vehicle traffic | Travel Time | X X X X S H APCAR | ICONVE | X X X X X
information Saving UCAR DECAR
Improve- TRUCK | RIDES
ment of
comfort VAN CARS
UBUS IPT
LDBUS OCPT
HTRUCK
VANLT
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pacts are reduction in travel time, increases in speeds, decrease in number of stops for equipped vehicles, some benefits for non
equipped vehicles. The benefits are expected to decrease with higher market penetrations.

Key Telematic |Key Impacts Scenarios Time Market VC TC Problem Areas
Technologies BAU | SB | SG | UG | Horizons | Potential UP | UF | IP IF | RP
Electronic tolling | Travel Time | X X X X S M-H APCAR | ICONVE X X X X X
Saving UCAR | DECAR
Improve- TRUCK | RIDES
ment of
comfort VAN CARS
UBUS IPT
LDBUS OCPT
PTW HTRUCK
VANLT
AVGP
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Electronic tolling. Deployment of Electronic Tolling is being driven mainly by cost savings to the operators. A recent study carried out by
Hughes Transportation Management Systems, Canada, has showed that Electronic tolling can reduce the cost of staffing toll booths by
43.1%, money handling by 9.6% and roadway maintenance by 14.4%. Electronic tolling for motorways is estimated to produce benefits
for both equipped and non-equipped vehicles and over 40h/year for the average European motorway commuter. Increases in throughput
on a per-lane basis up to 250% have been reported in the US. European trials have so far reported no evidence of car usage due to the
spatial and time redistribution of traffic.

Key Telematic |Key Impacts Scenarios Time Market VC TC Problem Areas
Technologies BAU | SB | SG | UG | Horizons | Potential UP | UF | IP IF | RP
Navigation Travel Time | X X X X S M-H APCAR | ICONVE X X X X X
Saving UCAR | DECAR
Improve- TRUCK | RIDES
ment of
comfort VAN CARS
UBUS IPT
LDBUS OCPT
HTRUCK
VANLT
AVGP

Navigation. Vehicle navigation devices can benefit users in terms of travel time and route finding. Field operational test experiences are
producing data that suggest an increase of travel time saving for equipped vehicles of about 20%.
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Key Telematic |Key Impacts Scenarios Time Market VC TC Problem Areas
Technologies BAU| SB | SG | UG | Horizons | Potential UP | UF | IP IF | RP
Traffic control | Travel Time | X X X X S M-H APCAR | ICONVE | X X X X X
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Traffic control. Traffic control for interurban applications is estimated to produce 10% reduction in congestion when added to incident de-
tection. The application of a real-time variable message sign control and re-routing strategy has produced reductions in traffic delays of
up to 20% in European trials. For urban areas is estimated to increase network capacity by 3% equivalent to a 3% decrease in congested
network and significant reductions in travel time. European field trials have reported increases in mean road speed in the range between
10 and 20% and up to 20% reduction in travel time. Applications in the US have reported decreases between 8 and 15% in travel time,
increases between 14 and 22% in travel speed, decreases up to 35% for vehicle stops and decreases between 17 and 37% of delays.
Variable Message Signs, which provide up-to-date accurate information to drivers, have shown up to 20% reduction in traffic delays.
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Key Telematic |Key Impacts Scenarios Time Market VC TC Problem Areas
Technologies BAU| SB | SG | UG | Horizons | Potential UP | UF | IP IF | RP
Parking manage- | Travel Time | X X X X S M APCAR | ICONVE X X X X X
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Parking management. Parking management is estimated to produce benefits to the general level of traffic congestion. European trials

report increase of Park & Ride usage which more than doubled with non quantified effects on congestion.

Key Telematic |Key Impacts Scenarios Time Market VC TC Problem Areas
Technologies BAU | SB | SG | UG | Horizons | Potential UP | UF | IP IF | RP
Automated Driver- | Travel Time | X X X L L APCAR ICONVE X X
less Transport Saving TRUCK RIDES
Improve- VAN CARS
ment of
comfort LDBUS IPT
OCPT
HTRUCK
VANLT
AVGP
Automated Driverless Transport. The introduction of this function can lead to a reduction of driving stress and tedium, elimination of ad-
verse driving behaviour, and saving of travel time.
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Key Telematic |Key Impacts Scenarios Time Market VC TC Problem Areas
Technologies BAU| SB | SG | UG | Horizons | Potential UP | UF | IP IF | RP
Anti-collision Improve- X X X M-L M APCAR | ICONVE | X X X X X
ment of UCAR | DECAR
comfort
TRUCK RIDES
VAN CARS
UBUS IPT

LDBUS OCPT
PTW HTRUCK

VANLT

AVGP
Accidents X X 40% APCAR | ICONVE X X
reduction UCAR OCPT

UBUS

Anti-collision. Anti-collision and warning systems are expected to result in safety and effective capacity benefits by reducing the number
of accidents. European surveys on workload effects resulting from display use has shown no significant variations in workloads, with re-
sulting enhanced comfort conditions.

This device is able to make the vehicle keep the safety distance from the preceding vehicle. Thus, it reduces the risk of collisions.

According to Prometheus assessment, the use of this technological trajectory (TT) allows up to 7% reduction in the number of accidents
and has extremely positive effects on the reduction in the number of deaths and injured. These good results derive from a medium-high
market share forecasted for the future, in fact anti-collision will achieve a market share at least even at 40% in 2030.

There are also other positive effects like less traffic and a reduction of lost time for congestion caused by accidents; less social costs as
social security costs, assistance costs and sanitary costs for all subject involved.

The anti-collision has a good market penetration in BAU and UG scenarios where it has a market share at least even at 40% for all vehi-
cle concept at time horizon of 2030; particularly for the vehicle concept of urban car is forecasted a very fast diffusion with a market pene-
tration even at 85% in BAU at time horizon of 2030.
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Key Telematic |Key Impacts Scenarios Time Market VC TC Problem Areas
Technologies BAU| SB | SG | UG | Horizons | Potential UP | UF | IP IF | RP
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Smart card. Results of the DRIVE Project GAUDI showed that with many users using the smart card for other modes as well, queuing
time for exit by motorists with smart cards was significantly reduced.
Key Telematic |Key Impacts Scenarios Time Market VC TC Problem Areas
Technologies BAU| SB | SG | UG | Horizons | Potential UP | UF | IP IF | RP
Drive by wire Improve- X X X X M H APCAR | ICONVE X X X X X
ment of UCAR | DECAR
comfort
TRUCK RIDES
VAN CARS
UBUS IPT
LDBUS OCPT
HTRUCK
VANLT
AVGP
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Drive by wire. This function permit the replacement of mechanical sub-systems by electronics-based equivalents, with resulting better

comfort.

Key Telematic |Key Impacts Scenarios Time Market VC TC Problem Areas

Technologies BAU| SB | SG | UG | Horizons | Potential UP | UF | IP IF | RP
Vision enhance- | Improve- X X X X S M APCAR | ICONVE X X X

ment ment of TRUCK RIDES

comfort

VAN CARS

LDBUS IPT

HTRUCK

VANLT

AVGP

Vision enhancement. In-vehicle vision enhancement cam improve comfort and safety for driving conditions involving reduce site distance
due to night driving, inadequate lighting, fog, snow, or other inclement weather conditions.

Key Telematic |Key Impacts Scenarios Time Market VC TC Problem Areas
Technologies BAU | SB | SG | UG | Horizons | Potential UP | UF | IP IF | RP
Autonomous Intel-| Improve- X X X S-M L-M APCAR | ICONVE X X X
ligent Cruise Con-| ment of TRUCK RIDES
trol comfort
VAN CARS
LDBUS | HTRUCK
VANLT
AVGP

Autonomous Intelligent Cruise Control. This function potentially can provide a substantial increase in driver comfort and safety. Critical

vehicle control indicators such as speed choice and distance keeping can be substantially improved by specific applications.
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Fleet Management. Commercial vehicle operations improved by telematics technologies allow benefits of service efficiency for fleet
managers and drivers. Recent trials in Europe showed that Freight and Fleet (F&F) management functions should provide savings in
travel time close to 5% (trials range 0-16.5%) and savings in dispatch time above 12% (trials range from -4.2 to 35.2%). Travelled dis-
tance should accordingly be reduced by over 6% (trials range 0.3-21.3%). Other results showed that, using Transport Telematics and
Mobile Data Communications for F&F management functions up to 37,5% of the currently wasted time (waiting time, pick-up time, delay
time) could be saved and the number of delayed arrivals decreased by 35%. As regards public transport, transit management systems
have demonstrated that they are capable of reducing travel time both by improving the operation of the vehicles and the overall operation
of the transport network. Transit management systems improve schedule adherence resulting in a reduction in passenger wait time and
improvement in transfer co-ordination. Also, the application of advance transit systems reduce the operating costs and improve staff pro-
ductivity and the use of facilities and equipment.
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Key Telematic |Key Impacts Scenarios Time Market VC TC Problem Areas
Technologies BAU| SB | SG | UG | Horizons | Potential UP | UF | IP IF | RP
Integration of In- | Travel Time | X X X X S M CHRAIL LDRAIL X X X X X
formatipn te_ch- Saving HSRAIL CRAIL
nologies with
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GSINNO

Integration of Information technologies with GNSS. A better integration of information technologies with GNSS can enhance rail traffic,
with better management of timescales and consequent improved travel time.

Key Telematic |Key Impacts Scenarios Time Market VC TC Problem Areas
Technologies BAU| SB | SG | UG | Horizons | Potential UP | UF | IP IF | RP
Rail Traffic Man- | Travel Time | X X X X S M HSRAIL | LDRAIL X X
agement for Long Saving CHRAIL CRAIL
Distance Passen-
ger and Freight LRTPM
GSINNO
MAGLEV

Rail Traffic Management for Long Distance Passenger and Freight. Rail traffic control reducing headways by transmission-based control
systems is seen as a key method of increasing track capacity and improving performance.
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Key Telematic |Key Impacts Scenarios Time Market VC TC Problem Areas
Technologies BAU| SB | SG | UG | Horizons | Potential UP | UF | IP IF | RP
Lane keeping Accidents X X 2030 40% APCAR | ICONVE | X X

reduction UCAR

Lane Keeping. This prevents the vehicle from accidentally passing over the line of separation between lanes, thereby reducing the risk of
side and front-side collisions. In case of accidental deviation, the device can autonomously realign the vehicle's direction. According to
Prometheus' assessments, it reduces the number of accidents by 0.8 to 2.6% and, consequently, it reduces also the number of deaths
and injured; these results derive from a medium-high market share forecasted for the future, in fact lane keeping will achieve a market
share at least even at 40% in 2030.

This telematic innovation has a good market penetration in SB and SG scenarios, in which it achieves a market share even at 40% for
all-purpose car and urban car at time horizon of 2030, but it hasn't a very fast and large diffusion because in some vehicle concept it is
not present.

Key Telematic |Key Impacts Scenarios Time Market VC TC Problem Areas
Technologies BAU| SB | SG | UG | Horizons | Potential UP | UF | IP IF | RP
Driver monitoring | Accidents X X 2030 45% APCAR | ICONVE X X
reduction

Driver Monitoring. This is a device that permits to define the physical conditions of the driver and in case of detection of fatigue, stress or
excess of alcohol situations emits a sound alarm. It does not intervene in immobilising the vehicle automatically. It can reduce the num-
ber of accidents by 5 to 18% and obviously it reduces also the number of deaths and injured; these results derive from a medium-high
market share forecasted for the future, in fact driver monitoring will achieve a market share at least even at 40% already in 2020.

This telematic innovation has a large diffusion, even at 45% in SG and UG scenarios at time horizon of 2030, particularly for the VC all-
purpose car.

All the telematic functions that contribute to reduce congestion are expected to benefit also fuel efficiency and emission reduction.
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Telematics technologies have not been assessed explicitly for their environmental impacts.

Telematics technologies that promote smoother traffic flow will reduce fuel consumption and CO, emissions from road vehicles. The
same principle is true also for other modes. Examples include autonomous intelligent cruise control and guidance and navigation sys-
tems. Roadside emissions monitoring technologies are likely to be too complex and costly for wide deployment, but on-board sensing
and engine management systems may be significant, especially for heavy vehicles.

Secondary benefits may be gained from the modal shift that is promoted by use of Telematics and traveller information systems as part
of public transport provision.
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8.6.3 Key intermodality technologies

Key intermodality technologies — technologies for intermodality can be divided in physical and informational connectivity and components
for intermodality. Physical connectivity will be provided by transhipment and terminal technologies, information connectivity by I&C tech-
nologies and components are presented by the different vehicle concepts (e.g. as an element of intermodality) and container technolo-

gies.

Key Intermodality |Key Impacts Scenarios Time Market VC TC Problem Areas
Technologies BAU| SB | SG | UG | Horizons | Potential UP | UF | IP IF | RP
Multi-modal travel-| Travel Time | X X X X S H APCAR | ICONVE X X X X
ler information/trip|  Saving UCAR DECAR
lannin
planning Improve- VAN RIDES
ment of
comfort UBUS CARS
LDBUS IPT
PTW OCPT
VANLT
AVGP

Multi-modal traveller information/trip planning. Providing traveller information over several modes of travel can be beneficial to both the
traveller and service provider. Enhanced information about intermodal connections will reduce delay at intermodal facilities and improve
accessibility. For passengers, better information about transfers means shorter delays in waiting for transportation services (e.g. transit
bus, shuttle, transit van) and reduced uncertainty about making connections. For passenger transport positive impacts are also expected,

especially as regards the efficiency of public services like demand responsive systems and carpooling.
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Parking management. Parking management is estimated to produce benefits to the general level of traffic congestion. European trials

report increase of Park & Ride usage which more than doubled with non quantified effects on congestion.

Key Intermodality |Key Impacts Scenarios Time Market VC TC Problem Areas
Technologies BAU | SB | SG | UG | Horizons | Potential UP | UF | IP IF | RP
Fleet Management| Travel Time | X X X X S M-H APCAR | ICONVE X X X X X
Saving UCAR | DECAR
TRUCK RIDES
VAN CARS
UBUS IPT
LDBUS OCPT
HTRUCK
VANLT
AVGP
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Fleet Management. Commercial vehicle operations improved by telematics technologies allow benefits of service efficiency for fleet
managers and drivers. Recent trials in Europe showed that Freight and Fleet (F&F) management functions should provide savings in
travel time close to 5% (trials range 0-16.5%) and savings in dispatch time above 12% (trials range from -4.2 to 35.2%). Travelled dis-
tance should accordingly be reduced by over 6% (trials range 0.3-21.3%). Other results showed that, using Transport Telematics and
Mobile Data Communications for F&F management functions up to 37,5% of the currently wasted time (waiting time, pick-up time, delay
time) could be saved and the number of delayed arrivals decreased by 35%. As regards public transport, transit management systems
have demonstrated that they are capable of reducing travel time both by improving the operation of the vehicles and the overall operation
of the transport network. Transit management systems improve schedule adherence resulting in a reduction in passenger wait time and
improvement in transfer co-ordination. Also, the application of advance transit systems reduce the operating costs and improve staff pro-
ductivity and the use of facilities and equipment.

Key Intermodality |Key Impacts Scenarios Time Market VC TC Problem Areas
Technologies BAU | SB | SG | UG | Horizons | Potential UP | UF | IP IF | RP
Unitised packag- | More effi- X X X X S M all Freight | HTRUCK X
ing systems cient use of VANLT
space in ve-
hicle and CHRAIL
travel time HSRAIL
savings

Unitised packaging systems. They represent an attempt to develop a form of containerisation for inland transport. The successful imple-
mentation of such a scheme would allow easier transhipment and more efficient use of space in vehicles.
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Key Intermodality |Key Impacts Scenarios Time Market VC TC Problem Areas
Technologies BAU| SB | SG | UG | Horizons | Potential UP | UF | IP IF | RP
Transferia Higher sys- | X X X X S M All ICONVE X
tem produc- DECAR
tivity with
reduced ve- RIDES
hicle-kms CARS
Negative: IPT
higher costs OCPT
HTRUCK
VANLT
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Transferia. They relate to both passenger and freight to serve urban areas. In the passenger sector they include transfer-parks, innova-
tive P&R terminals, railway stations, airports, seaports and river ports including operation guiding systems and communication technolo-
gies. In the freight sector they include goods transfer parks, freight centres, city terminals, with the necessary technical, operational and
management tools. Transferia equipped with new technologies can accelerate significantly the transport process of both passengers and
goods. The reliability, punctuality and quality of transport processes will increase. This provides a higher system productivity and there-

fore an improved economy. Higher costs of investments will be required than conventional installations. Operating and maintenance
costs will decrease by the relevant use of capacity with positive impacts to the users’ costs.
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Key Intermodality |Key Impacts Scenarios Time Market VC TC Problem Areas
Technologies BAU| SB | SG | UG | Horizons | Potential UP | UF | IP IF | RP
Cargo Handling | Higher sys- | X X X X S M TRUCK | HTRUCK X X
tem produc- VAN VANLT
tivity with
reduced ve- CHRAIL URAIL
hicle-kms HSRAIL RRAIL
Negative: ELESHIP | LDRAIL
higher costs FIFERRY | SHIP

Cargo handling technologies. They include a range of technologies for automating the interfaces between different rail, road and water-
borne modes. They include storage modules and guidance and control. Design is modular and customer orientated. Times of loading and
unloading will be reduced, reliability increased. Economic viability for high volumes of goods only due to high costs.

Key Intermodality |Key Impacts Scenarios Time Market VC TC Problem Areas
Technologies BAU| SB | SG | UG | Horizons | Potential UP | UF | IP IF | RP
Automation, Dis- | Economic | X X X X S-M Large GSINNO AVG X X X X X
position&C(_)ntroI develop- APCAR SHIP
technologies ment
, VAN AIR
(1&C) Public ac-
ceptance TRUCK RAIL
Social cohe- CHRAIL OCPT
sion URAIL
LDRAIL
HSRAIL
SUBAIR

1&C technologies describe a wide area of application in transport. It includes the telematics application as well as internet technologies.
Pre-trip and on trip information, electronic payment systems, etc. will improve access to public forms of transport and make it more com-
fortable to potential users. Traffic management systems, also including disposition systems are necessary to solve the increased future
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transport demand, so that physical infrastructure extension can be limited. These technologies area are seen as one of the dominating
growth sectors in the industry. It will provide big chances for new companies (industry, service provider, operator, etc.) and especially for
SME. I&C technologies provide the informational connection within intermodal and interoperable transport chains. They are also impor-
tant for EU competitiveness as well as for the social cohesion and quality of life of EU inhabitants. Further development and implementa-
tion of these technologies have to follow the objectives of the single market.

Key Intermodality |Key Impacts Scenarios Time Market VC TC Problem Areas
Technologies BAU | SB | SG | UG | Horizons | Potential UP | UF | IP IF | RP
Transhipment Economic X X X X S-M all freight | all freight X X
(incl. terminals) | develop-

ment

Public ac-

ceptance

Transhipment including advanced terminal technologies are boundary conditions for improved intermodality and interoperability. Inter-
modality and interoperability may be one key to provide the future transport demand, especially in the freight sector. These technologies
have to be linked with I&C technologies so efficiency could be improved in a system’s context. A higher grade of standardisation and
common regulation is necessary to meet these objectives. Transhipment technologies in combination with I&C technologies offer a lot of
opportunities for new market actors in the field of service and infrastructure providers, supply industry, etc. These high potentials are also
open for SME. Standardised transhipment is also important for the enlargement process in Europe.
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Key Intermodality |Key Impacts Scenarios Time Market VC TC Problem Areas
Technologies BAU| SB | SG | UG | Horizons | Potential UP | UF | IP IF | RP
Container (in Economic | X X X X S-M TRUCK | all Freight X
combination with | develop- CHRAIL
1&C) ment
, SHIP
Public ac-
ceptance AIR

Container technologies and their standardisation is an important element of transhipment and a necessary boundary condition to im-
prove intermodality and fairly meets the objectives of the single market.

Bulk containerised transport, in combination with intermodality features is one key for the prognoses in growth, but requires standardisa-
tion and investment in infrastructure, e.g. loading / unloading facilities, cargo tracking and monitoring systems, automated payment sys-
tems. Automation of loading/unloading leads to reduced employment, also to less physical jobs, requiring higher education of staff as
computer control becomes more important. In CEEC reduction of demand for bulk transport continues with industrial restructuring. Opti-
misation will require logistics technology to be introduced Depending on the scenarios, containerised transport could be nearly exclu-
sively based on road transport, or on a rail/intermodality combination. The latter case would imply a fast upgrading and construction of
new transhipment facilities before a “lock-in” into road-based transport takes place in CEEC. Waterways, but also rail infrastructures will
require upgrading in the future in order to be able to absorb a larger fraction of non-bulk freight transport (e.g. containers).

Key intermodality technologies — technologies for intermodality have not been explicitly identified and assessed for environmental impact.
However, some general remarks can be made on the possible indirect environmental impacts of intermodality e.g. effect of land use for
intermodal transfer points, possible effects on local air quality and nuisance (noise) of vehicles timed to meet at one point. No technolo-
gies that contribute to intermodality can be identified in the environmental context.

O D22 "Synthesis of impact assessment and potentials"
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8.7 Final forecast of market shares

If the actors considered are the users, the level that is most relevant in the FANTA-
SIE generalised model of transport systems is that of TC. The TC is the level repre-
sented by a population of different VCs framed in an operating environment such that
a specific transport service is provided to the users. TCs can basically be interpreted
as transport modes. The mode domain is that where the users’ choices apply. Other
domains relevant to users’ choices are those of vehicle ownership and trip frequency
but these are mainly affected by factors in the socio-economic sphere. The FANTA-
SIE primary focus is on the impacts on future transport systems which can be ex-
pected from the developments in the supply of transport services and in technolo-
gies.

The assessment of the users’ preferences in the FANTASIE perspective is mainly
represented by the forecast of the future demand for transport modes — the TCs in
the FANTASIE terminology.

Evidence of large-scale and long-term demand model of transport systems is rela-
tively scant (a recent study on future world mobility patterns is in Schafer and Victor,
1997). A preliminary forecasting exercise for EU future demand of transport systems
was carried out as of chapter 7.

The stage here is aimed at developing a forecasting process which provides TC mar-
ket shares based on the assessment of the relevant impacts and their future ex-
pected changes which were not taken into account in the preliminary forecasts. The
process takes as input the technology developments and the lines of developments
of the different TCs which can be expected according to the behaviours of the other
decision-makers — producers, operators and policy makers — in the set of the four
FANTASIE exogenous scenarios. The forecasts apply to the different problem areas
and market segments.

To match the strategic perspective of the whole study where estimates of transport
demand at EU level are relevant, the approach considers a conceptual model of the
items which are object of the users’ choices. The conceptual model-based approach
draws upon the definition of a notional transport system and its operating environ-
ment and is suitable for a strategic perspective which provides visions of the future
EU systems in an aggregate way rather than building them by summing up a number
of different site-specific items. The alternative approach, consisting in considering
specific cases, would have yielded results that are inevitably case-laden and there-
fore the EU strategic perspective of the study may have been impaired.

The urban passenger area

The users consider the availability as the most important variable in mode choice de-
cisions, whatever the income class. Cost shows a decreasing importance as the in-
come per head increases. Comfort ranks the lowest.
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The market in base year 1995 is dominated by private conventional modes, i.e. indi-
vidual conventional and dedicated vehicle. These TCs are given the highest priority
in terms of time, comfort and availability. Ridesharing and urban rail show considera-
bly lower shares. Ridesharing shows the highest priority for cost, urban rail for ranks
highest for reliability.

Significant increases in cost of individual conventional and dedicated vehicle are ex-
pected in sustainable scenarios due to pricing policies. Fare of urban rail is expected
to increase in BAU and UG, to decrease in SG and SB as consequence mainly of
hypotheses on subsidisation.

Improvements in travel time are expected only in SB due to mainly reduced road
congestion and service level improvements in urban rail consequent to favourable fi-
nancial conditions.

Comfort is expected to increase in individual modes due mainly to technology im-
provements. Comfort improvements are expected in urban rail in sustainable scenar-
ios.

The reliability of individual modes is expected to decrease, except for the SB, due
mainly to increased road congestion while technology improvements are expected to
improve urban rail reliability in UG and SG.

The availability of individual conventional and dedicated vehicle is expected to in-
crease in BAU and UG following increasing car ownership, while the reverse is ex-
pected in sustainable scenarios due to car restriction policies. Encouraging and pri-
oritisation policies area expected to increase the availability of ride sharing. Urban rail
is expected to show higher availability in sustainable scenarios due to more favour-
able financial conditions.

Individual public transport, which enters the market in SB long-term time horizon, is
expected to have a high rank for comfort, being it second after individual conven-
tional and dedicated vehicle.

The individual conventional and dedicated vehicle is expected to maintain its domi-
nance in the urban market in all scenarios but with opposite variations. In BAU and
UG its market share is expected to increase, in SG and SB to decrease. Ridesharing
is expected to decrease in all scenarios with higher rates in UG and SG.

The market subtracted in sustainable scenarios to individual conventional and dedi-
cated vehicle is expected to be captured mainly by urban rail which shows increasing
share and becomes the second TC in these scenarios. The individual public transport
shows the lowest share which is subtracted mainly to individual conventional and
dedicated vehicle.
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Figure 8.10: Expectations on market shares of EU urban passenger trips
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The interurban passenger area
Two separate market segments are considered:

e medium-distance trips (<250 km); and
¢ long-distance trips (>250 km).

The users consider the availability the most important variable and time the least. In
the future this ranking is maintained with decreasing weights of cost and increasing
weights of availability.

In the medium-distance segment the market in base year is dominated by private
conventional transport (individual conventional and dedicated vehicle). Ridesharing
ranks second and rail (regional services are considered in this market) third. Private
conventional transport ranks first for time, comfort, availability and reliability. Ride-
sharing ranks first for cost.

In the long-distance segment the market in base year is dominated by air transport.
Considerably lower shares are shown, in decreasing order, by individual conventional
and dedicated vehicle, ridesharing and long-distance rail. Air ranks highest for time,
comfort and reliability. Air shows the same priority of individual conventional and
dedicated vehicle for availability. Ridesharing shows the highest priority for cost.

The Automated Vehicle guidance (AVG) TC is expected to enter the market in 2020
in UG and SG, in 2030 in BAU.

Cost of individual conventional and dedicated vehicle and of ridesharing are ex-
pected to increase dramatically in SG and SB as consequence of internalisation poli-
cies which increase tolls. Reductions are expected in BAU and UG due to less fuel
consumption. Rail fares follow the trends of urban rail in the medium-distance seg-
ment and show increases in BAU and UG and decreases in SG and SB. In the long-
distance segment rail operators are expected to pay access cost to the network and
to pass this cost onto the users. Fare increases are expected in UG and SG, slight
decreases in SB only. Air fares are expected to decrease in all scenarios.

Travel time on individual conventional and dedicated vehicle and on ridesharing is
expected to improve slightly in BAU, UG and SG due to congestion reduction. Rail
travel time is expected to improve in the medium-distance segment in UG and SG
due to improved rolling stock, to improve in all scenarios in the long-distance seg-
ment due to the extension of the high-speed rail network. Improvements are ex-
pected in air travel time as consequence of congestion reduction in the air and on the
ground due to improved air traffic control.

Higher comfort of individual conventional and dedicated vehicle and of ridesharing is
expected in all scenarios due to telematics and vehicle technologies. Higher comfort
in rail is expected in SG and SB due to higher investments for improved stations and
rolling stock. Improvements in air travel comfort are expected in UG and SG due to
increased system accessibility.
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Individual conventional and dedicated vehicle and ridesharing are expected to be
more reliable in BAU, UG and SG where reductions in road congestion are expected.
Advanced traffic control technologies are expected to bring about reliability improve-
ments in rail in UG and SG, and in air travel in all scenarios.

The availability of individual conventional and dedicated vehicle is expected to in-
crease in BAU and UG following increasing car ownership, while the reverse is ex-
pected in sustainable scenarios due to car restriction policies. Encouraging and pri-
oritisation policies in sustainable scenarios are expected to increase the availability of
ridesharing. Rail availability is expected to increase in sustainable scenarios in both
segments due to investments. Air travel availability is expected to increase in all sce-
narios as consequence of increasing competition and number of operators.

AVG is expected to provide higher comfort than individual conventional and dedi-
cated vehicle, lower cost and time due to smoother flows in BAU and UG where the
concept is implemented in dedicated lanes, much lower availability.

In the medium-distance segment the individual conventional and dedicated vehicle
maintains its dominance in the market in all scenarios and maintains almost its base
market share before the appearance of AVG. Ridesharing is expected to decrease
slightly except for SB where it maintains its base share. Rail shows a decreasing
share in BAU and UG and an increasing share in sustainable scenarios but the in-
creases are modest. The AVG shows to be given a high priority by passengers in
that it ranks second after individual conventional and dedicated vehicle.

In the long-distance segment air travel maintains its dominance in the market in all
scenarios. In BAU and UG air almost maintains its base market share, in sustainable
scenarios slight increases of air share are expected as consequence of the decreas-
ing market of road modes. The individual conventional and dedicated vehicle is ex-
pected to increase its market in BAU and UG. These gains are made at the expense
of rail which decreases its market share in BAU and UG. Rail shows modest in-
creases in SG and SB. Ridesharing shows in all scenarios a decrease but at a very
low rate.
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Figure 8.11:
medium distance (<250 km)

Expectations on market shares in EU interurban passenger trips:
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Figure 8.12: Expectations on market shares of EU interurban passenger trips: long-
distance (>250 km)
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The interurban freight area
Only the long-distance segment (>250 km) is considered.

The shippers consider cost the most important variable. Availability ranks second, re-
liability last but comparable to safety and time.

The interurban freight transport market shows in base year, in terms of tonne-km,
road TCs with the highest shares, followed by waterborne TCs (second) and rail TCs
(third). Air transport represents only a niche market for freight and is not considered
here. Road TCs show the highest priority for reliability and availability. Highest prior-
ity for cost is shown by waterborne TCs. All variables have a comparable importance
for rail.

The AVG TC is expected to enter the market in 2020 in UG and SG.

In BAU and UG changes in road transport cost are expected to decrease while in the
sustainable scenarios it is expected that pricing policies will be largely implemented
with dramatic effects on average costs. In the rail segment fares are expected to in-
crease in UG and BAU since operators are expected to pay access cost to the net-
work, slight decreases in SB only. No significant changes are foreseen for water-
borne fares.

Travel time for road transport is expected to decrease in all scenarios due to the ef-
fects of decreasing congestion. Rail travel time is expected to decrease at different
speed in all scenarios, due to improved rolling stock and the implementation of the
freight freeways. Improvements are expected in waterborne travel time as conse-
guence of congestion reduction in the move and at the ports due to improved traffic
control.

Safety shows positive changes in all scenarios for all TCs. Road safety is increased
through the adoption of anti-collision, driver monitoring and lane keeping systems;
the increase is higher in UG, intermediate in SG, lower in BAU and SB. A higher
safety level for railways derives from new infrastructures and more sophisticated roll-
ing stock; it is foreseen that the change will be higher in UG, lower and equal in all
remaining scenarios. The adoption of new traffic control systems and transhipment
equipment will improve safety levels also for waterborne transport, particularly in
ports; the trend will be higher in UG, lower and equal in all remaining scenarios.

Variations in reliability are linked to changes in the levels of congestion, investments,
technological development, promotion of intermodality, efficiency of logistics. All
modes show a differentiated increase in reliability in all scenarios, excluding BAU
where road transport shows a decrease.

The availability of transport services strongly depends on production and demand.
Since all scenarios present an increase in GDP, the availability of transport services
will increase for all modes in all scenarios at the speed of GDP or related to it and to
the policies specific of each scenario. In this way in UG the increase will be the same
for all modes and the highest possible. The SG scenario follows in terms of increase
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in transport services; particularly intense for railways. The BAU and SB scenario are
characterised by the lowest trends, differentiated among the various transport
modes: since intermodality is promoted, railways have the highest variation in avail-
ability, road the lowest.

In the AVG case all the variables follow the trends determined for the road case in
the period 2020-2030.

In terms of market shares, road travel maintains its dominance in the market in all
scenarios, reinforced by the AVG in the period 2020-2030 which can be regarded as
a particular segment of road transport. The BAU scenario, due to the hypotheses
used in the forecasting model, presents a substantial steadiness of the market
shares of the different modes. The specific policies adopted for the promotion of in-
termodality and the reduction of road congestion in the SB scenario, provoke a de-
crease in the road market share in advantage of all the other modes. The entry of the
AVG system on the market in 2020 changes significantly the situation in the UG and
SG scenarios: all the transport modes lose significant part of their market in advan-
tage of the new system.

00 D22 "Synthesis of impact assessment and potentials”
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Figure 8.13: Expectations on market shares of EU interurban freight transport
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9. POLICY OPTIONS

9.1 Technology selection for policy options

The bottom-up approach

The FANTASIE consortium has executed the technology search and assessment
from bottom-up, starting at the concept level, followed by a study of the applications.
The market potential of technologies has been analysed at the transport concept
level. The assessment of technologies has been integrated at the transport system
level, although the actual assessment had always to be done at the level of transport
concept or even the application level.

Filtering the technologies and synthesising them to applications helps to get some
structure in the virtual chaos in technological possibilities. Choices have to be made
in that process, which means that certain technological options disappear, even
though they might have potential applications. Completeness is an impossible re-
quirement for a survey of a domain that is so large and so rapidly changing. The se-
lection process that was followed to find the most promising technologies consisted
of the assessment of the most important (in the sense of market share) transport
concepts with respect to the objectives of the Common Transport Policy.

The ‘intuitive’ selection of relevant technologies

After the inventory of technologies and the assessment of the transport concepts, the
FANTASIE consortium has held a workshop with the objective to generate a list of a
few most important technologies and to identify the policy options that could be rec-
ommended to foster these technologies. The approach of these workshops is one of
the expert-guess. It is meant to avoid that certain important technologies are missed
because of a flaw in the surveying and selection process. Since the members of the
FANTASIE consortium have acquired much knowledge that was not all integrated in
the bottom-up assessment process, this separate search for promising technologies
was conducted.

The following technologies and innovations were identified as most promising:

e fuel cell;

¢ tele-activities (teleworking, e-commerce, m-commerce, remote diagnostics etc.);

e authentication (technologies to identify a person, including electronic signature);

¢ information and payment telematics;

o freight telematics;

e multimodal passenger terminals; and

e airship.

The original list of relevant technologies was much longer, but in the workshop the
participants had to focus on the most relevant technologies and only a limited selec-
tion was left over. Such workshop processes appear to provide a very efficient
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method to focus the attention and to place the emphasis on a few important items.
The workshop process has in this respect advantages over the assessment process,
which is more objective but gives less explicit choices of technologies.

Most technologies emerging from this workshop have been studied in the bottom up
process too. 53 very promising technologies of both approaches have been used for
the following policy options.

9.2 Specific roles and options for European policy

The key questions this chapter aims to address are:

¢ Which of the most promising technologies have not yet addressed by EU policy,
and from a role that would be appropriate for the EU?

e Which specific measures could possibly be taken over the next few years to stimu-
late the innovation process from the European policy level?

e How could such measures be integrated in and connected to the current policies,
programmes and key actions?

The discussion has been structured along lines of the 53 most promising technolo-

gies identified. Based on the analysis in earlier chapters, we can assume for each of

the most promising technologies that

o they are contributing to the achievement of the CTP objectives; and
o they are likely to have a major impact.

Each technology has been analysed in terms of the current and potential policy roles
and options over the next few years to complement the current or the next research
and policy programmes (“policy packages”). In addition, emphasis was put on the
identification of additional “needs for action” in relation to policies and key actions,
not so much on identifying current policy actions that appear to be questionable from
the perspective of the approach to transport innovation policy as outlined. For each
action suggested, it will also be indicated to which of the current policies and key ac-
tions it would have the closest link.

With further progress of the individual technologies along the innovation process, it
may become necessary for the Union to take over other roles and options than the
ones that are currently advisable, but we are most interested in giving advice for the
medium-term, i.e. for the preparation of the next generation of policy programmes,
such as e.g. the next Framework Programme.

The detailed needs for action are presented in Annex A.
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9.3 Generic policy conclusions

Three general observations can be made after reviewing current and possible trans-
port technology policy actions. First, many of the most promising technologies identi-
fied in FANTASIE are only indirectly addressed in the current EU policy programmes
by defining requirement profiles rather than specific technologies. This reflects the re-
luctance to adopt a “technology push” approach. While this is probably appropriate in
the early phases of technology innovation, the stimulation of later phases of the inno-
vation process could most likely be improved by a more specific approach. In later
phases, issues of co-ordination, harmonisation, standardisation and regulation be-
come more important; problems are difficult to resolve without specific reference to
individual types of technologies.

A second general observation is that for most technologies a combination of targeted
and framing policies is needed. Targeted technology policies can be specific R&D
and pilot action, aiming not only to improve a technology that is of cross-European
benefit, but also to provide a solid foundation for changes in transport and other
transport-related policies. These latter framing policies (taxation, regulation, land-use
planning, pricing, and liberalisation) are often needed to enable the uptake of new
technologies. With many of the most promising technologies having left the R&D
stage and being now close to market introduction, EU RTD policy has an important
role to play to inform and trigger such enabling policies, e.g. through monitoring and
assessment tasks that in many cases will require also R&D and pilot actions. Pi-
lots/demos have thus a twofold function by contributing to advance the knowledge
bases and transfer in the European transport industries, but also to inform and un-
derpin policy.

A third general observation is that technology and industrial policy are increasingly
overlapping. This is most obvious in the case of the key action aeronautics, but also
in other key actions. In view of the growing importance of regulatory and standardisa-
tion issues for many of the technologies identified, especially in later phases of the
innovation process, this does not come as a surprise. It is crucial to address such in-
dustrial issues early enough to have barriers to uptake removed once the technology
is ready to move onto the market.

The generic recommendations developed in this business environment. European
policy, therefore, should be based on monitoring developments and engaging in
learning activities like pilots and assessment studies. Then — informed by monitoring
and learning — policy action should be taken to enable the uptake of a new technol-
ogy (or indeed to prevent it), to exploit the opportunities it creates with respect to pol-
icy objectives, and to mitigate or manage the threats.

When looking at the different technologies and policy options discussed in this chap-
ter, a number of key “packages” can be identified as potential inroads to future RTD
policy in the transport field:
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1) Propulsion package: Progress in propulsion technology is mainly driven from the
regulatory side. In general, there is only limited scope for direct research funding,
because of the availability of major industrial and national funding. From a Euro-
pean perspective, soft actions seem to be more promising. They should help pre-
pare regulations and adjustments of policy framework to enable and speed up the
introduction of new propulsion systems. This would entail the setting up of net-
works of potentially relevant parties (e.g. for infrastructure, fuels, etc.), but also pi-
lots and demos to dispose of the knowledge needed for a solid assessment and
well-informed policy position. Pilots/demos might in addition be useful to dissemi-
nate findings more widely, and thus contribute to raising awareness.

2) Urban package: Several elements of the propulsion package apply also to urban
transport. Additional problems that need to be addressed involve the interrelation-
ship with land-use planning and public transport systems. The EU has a difficult
role with respect to urban transport policy, because the implementation of key ini-
tiatives (e.g. in planning, investment, access restrictions, etc.) are clearly local
competencies. Beyond the aforementioned policies on propulsion and vehicle
technologies for the urban context, the exchange of experiences, awareness rais-
ing, and some framing regulations (safety, land-use planning) would be helpful to
speed up the introduction of promising urban transport technologies. This may be
underpinned by pilots and demos, but the scope for direct R&D on urban technol-
ogy is rather limited.

3) Intermodality package: In order to foster the uptake of intermodal transport solu-
tion, both in passenger and freight transport, we are faced with the problem that
there is no single key driver of innovation (such as environmental regulation for
propulsion systems). An package of interdependent actions is needed, composed
of regulatory changes, pilot actions/demos, R&D activities (especially in new rail
systems), terminals, and — perhaps most important — stimuli for the establishment
of intermodal service providers, that have an intrinsic interest in intermodal solu-
tions. Finally, intermodality requires changes of user behaviour and awareness, as
expressed e.g. in a wider acceptance of solutions such as ride sharing or car shar-
ing.

4) Aeronautics package: There is a significant part of the current RTD actions of the
Union dedicated to aeronautics. A large part of the activities in this area is moti-
vated by industrial concerns. When focusing on transport related concerns, Euro-
pean RTD should concentrate less on the advancement of new aeroplane tech-
nology (though possibly justified for industrial reasons), but on ground based sys-
tems and air traffic management where the problems are most pressing. In paral-
lel, safety-related R&D will continue to be a major issue of relevance to European
policy. As an important facilitating measure for the uptake of new solutions the
speeding up of certification and standardisation procedures should make part of
an aeronautics package.
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5) Rail package: Industrial development of new rail systems is under way on several

of the most promising technologies. While high-speed and tilting trains have re-
ceived a lot of attention over the last years, thus not necessarily requiring addi-
tional financial support from public funds, some other new technologies are still in
an early development phase and could benefit from some kick-off funding. This
holds in particular for urban rail technologies and other advanced people-mover-
type technologies that are not supported by the main companies in the rail sector.
A key element of an innovation-oriented strategy in the rail sector should also be
seen in the opening up to competition. Direct research and pilot actions will con-
tinue to be needed to support and inform safety regulations.

6) Navigation and information package: This set of mostly ICT-based support tech-

nologies plays a crucial function for all modes, and in particular also for a better
performance of future intermodal services. While much R&D in this area is driven
by industrial interests, the introduction of these technologies will require sophisti-
cated solutions for dealing with standards, interoperability, and data protection.

7) Traffic management, communication and payment package: This package ad-

dresses “interactive” technologies that have an impact on transport demand, either
on absolute demand or on the distribution of demand over time. As far as traffic
management and payment is concerned, it needs to be framed by a new pricing
policy, but requires also further RTD to foster technology innovation. The EU
should keep in mind that strong market forces exist that drive the innovation proc-
ess for many interactive technologies and that policy measures should be used to
control these forces and redirect them if necessary. The second main area to be
addressed here would be concerned with tele-activities.

9.4 Specific policy conclusions

There are a number of technologies and policy measures that we would like to high-
light as requiring the particular attention of European policy, either because the re-
spective technologies from the list of most promising technologies have not yet been
taken up in the programmes of the Commission, or because the initiative seems to
be particularly important to help improve the European transport system.

Financial support to advanced propulsion systems is only needed for those tech-
nologies that do not represent the mainstream of industrial research.

A combined effort to provide multi-modal traveller information and to help set up
the establishment of multi-modal service providers seems to be crucial for moving
towards intermodality. The current market system will not bring intermodality about
by itself. Particular attention to enabling conditions for multi-/intermodal services
should be given in the new CTP framework.

The co-ordination of modes is another key element for intermodal service opera-
tions. Especially for cross-European services, the setting up of network of relevant
market actors that have an interest in intermodal operations (infrastructure opera-
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tors, logistics companies, rail operators, manufacturers, etc.) could help improve
the organisational set-up for intermodal services.

e The new generation of navigation systems is likely to bring about many follow-up
or spin-off innovations in the transport field. These developments need to be moni-
tored in order to identify promising development early on, and start initiatives to fa-
cilitate their uptake (e.g. by regulatory adjustments).

¢ Mobile access to internet and other enabling technologies for tele-activities have at
least the potential to reduce or smoothen transport demand.

¢ Authentication technology is part of the EU’s research programmes, but has not
been considered closely with respect to transport. Due to its enabling function for
new forms of transport service provision, payment, mobile access, etc. its implica-
tions should be monitored closely, and R&D in transport-relevant development be
supported.

¢ Innovation in rail transport technology and services should be fostered by advanc-
ing the opening up of rail transport market. A competitive framework is likely to
have a stronger impact on technology innovation that targeted RTD support.

¢ Information about travel behaviour underlies many technological choices, but the
knowledge base is rather weak. A targeted effort to address both the quantitative
and qualitative aspects of travel behaviour in Europe should be made.

e Promotion of a European network of car-sharing organisations to promote the pro-
fessionalisation of car-sharing and integrating it with the use of other modes (rail,
air).

¢ Re-consideration of the option of supersonic aeroplanes to explore whether a reli-
able and long-term consensus to advance this technology can be achieved.

e The issue of fuel taxation should be brought back onto the political agendas.

0 D23 "Options to support the introduction of new technologies and their implications on transport
policy"
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10. LESSONS LEARNED AND OUTLOOK

10.1 Best practice guide

Technology Assessment (TA) studies have different purposes and take different
forms. There is no general methodology, suitable for all cases. However, for certain
classes of assessment study it is possible to find some guiding principles that in-
crease the prospects for success.

This Best Practice Guide is mainly based on experience gained in the European 4th
Framework project FANTASIE. It was extremely broad and complex, covering many
aspects. The Guide is relevant to highly complex fields of study where the structure,
system boundaries and dynamics are not well understood. The forming of a common
understanding in these respects is, therefore, a very important task for such projects,
and must have an impact on the choice of focus and data gathering as the project
proceeds. This speaks for an iterative approach that allows learning and adaptation
to new insights.

As for strategic aspects of project design, the Guide is mainly targeted for projects
performed by ad hoc project teams with several partners from different organisations
and possibly also different countries — such as EU Framework projects. However, the
recommendations regarding technical issues are more generally applicable.

Hitherto, examples of technology assessments of such a high degree of complexity
as in the FANTASIE case are rare. Most studies are more limited in scope and often
focus on trend developments. This means that an essentially linear project design
can be used such that the study is first planned in a relatively detailed manner and
then executed — of course subject to minor revisions.

When the field of study is highly complex, and in particular if the interest is directed
towards trend-break developments, the linear approach is less effective. Instead we
propose what could be called an iterative focusing approach. This means that one
tries to formulate a hypothesis on final results early on in the project, typically based
on a broad but shallow survey of the problem area. A pilot study is a common format
for achieving this. This first shot hypothesis then serves as focus for a first round of
more detailed information collection and analyses in specific sub-areas. In all likeli-
hood this will disclose flaws and weaknesses in the original hypothesis whence the
focus will shift successively as the project team learns.

The project plan should be less detailed in a project applying an iterative focusing

approach, but a number of strategic issues key to this kind of approach must be set-

tled early on. In general terms, the project design must facilitate collective learning,

successive iterations and adaptations. Strategic issues are:

¢ Role of the customer. Public sector customers often request independent input
from technology assessment teams and, therefore, choose not to interfere with the

process. If, however, the customer wants to ensure that the results will be of inter-
est to him, he should consider taking an active part in the project. This is particu-

Page 115 of 120



bR Forecasting and Assessment of New Technologies and Final Report
Fﬂ“TﬂSlE Transport Systems and their Impacts on the Environment August 2000

larly important in the case of an iterative focusing project. Since it cannot be de-
cided at the outset what will be the main focus of the study, the customer may
want to have an impact on the successive choices made.

o Utilisation of internal and external expertise. In the kind of study considered
here, the task is not just to fill in knowledge gaps in an already existing structure of
the field. Instead, a structured picture will emerge only gradually as the project
proceeds. It is important that this emerging picture will be reasonably shared
among partners, otherwise it will be difficult to agree on the successive focusing
that has to be done along the way. Hence, core methodology and knowledge ac-
cumulation should be handled by internal expertise in close co-operation, while ex-
ternal experts may be used to fill in gaps and for corroboration of ideas.

¢ Project architecture and organisation of the consortium. If the customer does
not take part in the iterative focusing, then it is important to design the project and
the project team in a way that facilitates the management of iteration and re-
focusing. It is essential to have a close co-operation and shared learning in the
project. One possibility is to form a core team with the task to jointly handle such
strategic issues as knowledge accumulation, development or adaptation of key
methodologies and choice of a new focus when necessary. The core team model
is intended to facilitate the emergence of a common understanding and agreement
on change of direction, which is difficult to attain in a model with a fully performed
division of tasks and responsibilities.

At a more technical level the following issues are of particular importance:

¢ Information gathering. Any technology assessment study must review state of
the art as regards emerging technologies and assessment methodologies etc. One
problem is how to acquire input that is both comprehensive and fully up-to-date.
One way of coping with this problem is to first carry out a scoping study based on
a limited number of the latest and most comprehensive review documents, and to
summarise the findings in a report that is then circulated for external consultation.

e Use of workshops. If well prepared and competently facilitated, workshops can
be a powerful tool for problem structuring and generation of ideas. However,
brainstorming workshops demand much of the participants in terms of prepara-
tions and commitment. For external participants it is also often unclear what is in it
for them. Therefore, it is difficult to get busy people from outside take part in such
workshops, making it a bit risky to rely on external participation. Internally, though,
workshops are strongly recommended.

e Use of scenarios. Scenarios describing different trend breaking developments
are a useful means to stimulate creative thinking. However, it takes time to pene-
trate the logic of a set of scenarios and to learn to use them. One has to allow
enough time for participants to accommodate to scenario thinking. The develop-
ment (or adaptation) of scenarios should preferably belong to the core of the pro-
ject work and involve the partners who are supposed to use them.

¢ Knowledge accumulation and knowledge retrieval tools. Traditionally knowl-
edge accumulation has not been considered of importance in connection with it-
erative focusing studies. The FANTASIE experience and, more broadly the emerg-
ing ‘network economy’ indicate a need to develop this aspect and to develop sup-
porting IT tools.
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10.2 Potential for future activities

Based on the preceding forecasting stages and the identification of the relevant af-
fecting conditions of the scenarios (e.g. energy prices, congestion levels), the meth-
odology allows to open windows on the expected developments of a number of prob-
lem areas of relevance to the CTP. The effects on impact changes are assessed by
taking either a vehicle concept (VC) or a transport concept (TC) view. TCs are de-
constructed in terms of VCs composition and VCs are in turn deconstructed in terms
of alternative specifications by relevant technology packages.

Examples of the assessments carried out in the FANTASIE project include:

¢ in the environment area, greenhouse gases and particulate emissions by TC in ur-
ban and interurban markets, based on market penetration of alternative propulsion
technologies;

¢ in the efficiency area, vehicle purchase costs and energy efficiency of road VCs
based on market penetration of alternative propulsion technologies;

e in the safety area, accidents by TC in urban and interurban markets based on
market penetration of telematics packages.

The assessments cover a long-term time horizon (up to 2030), with trend breaks at
2005 and 2020, corresponding to the expected states in short- and medium-term, in
the four scenarios (BAU, SG, SB, UG). Impact profiles and impact trees enable to
trace impact developments over time and the relevant lower levels (down to technol-
ogy applications) in the layered model. The assessments highlight the impact
changes on base year together with the main determinants of these changes, as far
as technology, policy and other scenario-related conditions are concerned.

The data and expert opinion structuring exercise presented here is a first develop-
ment of a tool which is intended to provide valuable input to policy concertation ac-
tions. The structure devised fulfils the transparency requirement to allow for continu-
ous refinement of the extensive range of hypotheses that are behind the forecasts.
Beyond some analytical developments relating to, e.g., the measure of the uncertain-
ties derived from the expert opinions, the main development potential lies in the de-
sign and application of tools for the interactive updating and validation of the results.

Further activities in the context of FANTASIE may comprise the following:

Refinement of FANTASIE Activities
Updating and restructuring the FANTASIE database
Utilisation of dissemination feedback

Detailed assessment for most important technologies
e technical issues
e non-technical issues

Detailed uncertainty analysis
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Extended Scope Activities

e Time horizons beyond the year 2030
e more focus on base technologies
e more focus on transport system visions
e more focus on non-technical issues
e Dynamic assessment of selected technologies and innovations

¢ lterative focusing approach

e Continuous knowledge conservation

e “Lessons learned” survey of policy actions for introduction of new technologies
e Detailed policy analysis

e Advanced policy options

e EU level assessment modelling standards
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ANNEX A: Specific Roles and Options for European Policy

A.1 Multi-modal technologies

Technologies that support multi-modal transport are first of all the technologies that
support the chaining of modes. Physical linking by multi-modal terminals, but also
logical and temporal linking by co-ordination of arrivals, departures and transhipment.
Since multi-modality requires more decisions to be made, support by information sys-
tems will facilitate the choice for multi-modality.

Multi-modal traveller information

Multi-modal traveller information is clearly an issue of European relevance. Techni-
cally, the necessary technologies are available. R&D has been followed by pilots, but
the establishment of standards has until now hampered a wider uptake, e.g. regard-
ing the establishment of interface standards, acceptable rules for disclosing travel in-
formation between service providers, needed to guarantee also competition in the
provision of traveller information.

A second enabling factor is the establishment of complementary systems for multi-
modal traveller information services. Especially the emergence of multi-modal travel
service providers would be helpful to establish multi-modal traveller information, but
is dependent on further progress in liberalisation of transport markets.

A policy choice needs to be made whether to favour the competitive provision of
multi-modal traveller information, or whether an integrated European approach
should be implemented. In view of the difficulties for multi-modal service providers to
become established in our modal transport, new ways to favour the creation of multi-
modal services will be crucial.

Needs for action:

o after pilots/demos the wider transfer uptake of and access to the information sys-
tems needs to become the focus of European policy (Key Action [KA] Systems
and Services for the Citizen, KA Sustainable Mobility and Multimodality);

e critical problems for the wider uptake exist in information handling (including data
protection, information exchange among competing parties) and interface stan-
dards between different systems, on-board devices, etc (KA Systems and Ser-
vices for the Citizen);

e multi-modal traveller information would benefit from the fostering of multi-modal
traveller services. They require a liberalised framework (under way), but possibly
also targeted actions to support the establishment of Europe-wide service provid-
ers (CTP);

e policy choice to be made regarding how to foster multi-modal traveller information
under either competitive or public-operated conditions (CTP).

Multi-modal travel information/trip planning (on board devices)
On board devices need to be useable anywhere in Europe, pointing to standardisa-
tion issues as being of high priority in the future. On-board or even portable devices
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not have been widely tested yet, but currently demos/pilots are planned. It needs to
be made sure that the experiences made will be analysed properly in order to initiate
enabling actions by firms and in particular also by policy making. Moreover, most of
the arguments regarding multi-modal traveller information apply.

Needs for action:

e thorough assessment and analysis of the experiences made with current pilots to
learn about necessary policy actions (KA Systems and Services for the Citizen);

¢ information handling (data protection, information exchange among competing
parties) and interface standards for on-board devices (KA Systems and Services
for the Citizen);

e future harmonisation and standardisation requirements (KA Systems and Services
for the Citizen).

Multimodal passenger terminals

Until now, multimodal passenger terminals have been effectively implemented at air-
ports, and at a reduced scale also for the interchange between main rail and bus sta-
tions. The key problem for their success is not technical, but organisation because
there are still hardly any integrated carrier organisations for multimodal service op-
erations. While such terminals may in many cases be an action at regional level, the
exchange of experiences, as well as pilots/demos to improve practices could be of
European benefit.

Needs for action:
e support for the creation of multimodal service operators (CTP);

¢ pilots/demos at regional level to improve and exchange practices (KA Sustainable
Mobility and Mobility and Intermodality).

Multimodal transport service

The creation of multi-modal transport services and of operators of such services is a
key enabling factor for several other technologies related to multimodality. We are
still in the phase of niche creation in need of a targeted strategy. First, in order to
show their potential and advantages and achieve cost reductions by organisational
and other innovations, pilots/demos would be important tools to show their viability
and learn about their implementation. Secondly, until now the regulatory frameworks
in most Member States do not favour such services, pointing to the need for Euro-
pean policy action. Moreover, the harmonisation and co-ordination of such services
for cross-border operations would call for EU-action. Finally, there may be technical
standardisation issues to be addressed.

Needs for action:

e niche creation strategies through a combination of pilots/demos and regulatory
changes (KA Sustainable Mobility and Mobility and Intermodality);

e appropriate multimodal transport policy framework (CTP);
¢ standardisation of information interfaces regarding multimodal services (CTP).
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Reservation system for transport modes

As part of a unimodal as well as an inter-modal service provision, reservation sys-
tems play an important enabling function. Technically, they are available, but for a
user-friendly direct-access service, they would have to be easy to use.

If offered by competitive service providers there may be conflicts of interest when it
comes to disclose full and transparent information on services. This points to har-
monisation and regulatory issues to be addressed by European policy in the coming
years.

Moreover, the integration with mobile information devices needs to be ensured. While
R&D may be done by industry anyway, the demonstration and assessment would be
a relevant EU policy action.

Needs for action:

e regulatory framework needs to balance between competition principles and easy
harmonised information access. (CTP);

¢ pilots/demos for integration with fixed and mobile information devices, e.g. WAP,
internet (KA Services and Systems for the Citizen).

Information system for the co-ordination of modes

Similar arguments apply as for reservation system, though targeted to multimodal
operations. Information systems are key to enable multimodal operation. Currently
R&D activities on information systems are already under way, but will have to be
complemented by measures to foster market introduction (e.g. pilots/demos) be-
cause it is unclear whether such systems would be introduced in a purely market-
based framework (see arguments regarding intermodality raised before).

Standardisation issues will have to be addressed as well, as harmonisation/regula-
tion regarding exchange and access to information between competitors. Network
development and co-ordination between service providers and infrastructure opera-
tors may be facilitated by European policy initiatives. There is a clear interest in
Europe-wide initiatives due to the cross-border character of many intermodal opera-
tions.

Needs for action:

¢ pilot actions and demos to bring information systems closer to the market and fa-
cilitate learning (KA Systems and Services for the Citizen);

e network development to establish co-operation between different market actors in
infrastructure and service provision (KA Sustainable Mobility and Intermodality);

e framework conditions in liberalised markets need to be adjusted to facilitate inter-
modal services (CTP);

e standardisation and regulation to enable information exchange and access (KA
Systems and Services for the Citizen).
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Information system to identify preferences and habits of travellers

Such information systems would be a complementary element to underpin and in-
form several of the other policy actions to foster intermodal transport. This type of in-
formation is crucial to reduce uncertainty for several market actors, and to give them
clearer incentives to engage in multi-modal service provision. There is clearly scope
for European action in monitoring, assessment and dissemination of findings. In or-
der to establish such a system, there may be scope for European R&D first, but in
the longer term, this may be taken over by more continuous monitoring activities in
the Member States. Harmonised standards and guidelines for monitoring and trans-
ferring of the data collected may then be needed.

Needs for action:

e R&D to establish and test an information system for monitoring (KA Sustainable
Mobility and Intermodality);

¢ dissemination and transfer of knowledge on travel behaviour (KA Sustainable Mo-
bility and Intermodality);

e once established, regulation to delegate monitoring tasks to member states (CTP).

Multi-modal transhipment terminals

Especially for long-distance freight, there is a role to play by the EU in supporting and
planning the location of major transhipment terminals of Trans-European importance,
e.g. from the side of industrial policy (see e.g. the former DG Il Marpol programme).
But also standards, e.g. for handling equipment or load units, will be needed to en-
able smooth and fast operation. Standardised labelling is another issue of importance
for tracking, tracing and loading. Framing policies on pricing, organisation and liber-
alisation are also decisive enabling factors for making transhipment terminals viable
because they depend on an important role of rail-based freight transport.

Needs for action:

e co-ordination in planning the major European terminal locations, related also with
the planning of TENs (CTP);

e standardisation of key technologies for freight handling (KA Land Transport and
Marine Technologies);

e framing policies to favour intermodality: pricing, organisational principles, liberali-
sation (CTP).

A.2 Information technology

This category contains the applications of information technology that are not directly
linked to vehicles or infrastructure. The policy approach of information technology
has to take into account that this domain is strongly market driven. The emerging
network economy and its transport related consequences are not likely to be control-
lable by European policies. But this is not to say that they are impossible to affect. In
fact the early, formative stages of a major societal transformation typically present
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many key decision points where the difference in outcome is particularly big between
effective and ineffective policies.

Typically the relevance of the developments alluded to above is limited neither to the
transport sector, nor to Europe. Therefore, European transport policy needs a part-
nership strategy to exploit shared interests with other actors. A case in point is the
development of mobile Internet. Mobile communication in general requires develop-
ment of a general-purpose information infrastructure, which could also be used for
many transport telematic applications. Also with the foreseen broad market penetra-
tion of mobile Internet terminals (e.g. WAP telephones) these are likely to emerge as
the affordable solution to receiving in-travel information on transport offerings and
traffic situation, and for placing orders in near real time and paying for transport ser-
vices.

Much of these developments are already under way at the hands of market actors.
Use of generic platforms obviously has great advantages over dedicated solutions in
terms of economies of scale and scope, and therefore has the potential to achieve
commercial take-off for transport telematics. In addition to framing policies, which
may be required to enable some of the new services, this development also creates
novel opportunities for co-operating with mobile communication operators to achieve
objectives in specific policy areas as traffic control, road pricing and emergency ser-
vices.

Smart payment systems

The technology is basically available, driven by significant industrial interests and
R&D. Standardisation, even beyond the European level, is a crucial issue to enable
inter-operability across countries and modes and foster a wider uptake. Stakeholder
network could be set up to facilitate standard-setting. From the consumer side, con-
cerns about data protection may require new reliable regulations, similar to other IT-
based areas. Demos and pilots with new payment technologies have a crucial role to
play to identify early on problematic issues that require policy action in the future.

Needs for action:
e initiatives to achieve standard-setting (KA Systems and Services for the Citizen);

e agreements or regulation on data handling and protection (KA Systems and Ser-
vices for the Citizen);

e demos and pilots during introduction to identify critical issues (KA Systems and
Services for the Citizen).

Smart card (keyless)

There is much industrial interest in smart card technology. R&D has been done for
some years already, and there is little scope for direct European research funding.
Currently, smart card applications are mentioned frequently in FP 5, but integrated
solutions have only reached the stage of pilots/demos. There are serious difficulties
to agree on common standards which is why the EU should concentrate on this is-
sue.
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Also a niche management strategy to go beyond pilots/demos and standardisation
initiatives would be most helpful, especially to consider user requirements and regu-
latory adjustments that may be needed to enable the uptake of smartcards. In par-
ticular, the handling of personal data and security issues are likely to become key
concerns of users, and could turn into barriers.

As smart cards are a cross-cutting technology, spin-off opportunities should be moni-
tored and assessed with respect to the need for complementary policy initiatives.

Needs for action:

¢ initiatives to establish common standards for multi-purpose applications (KA Sys-
tems and Services for the Citizen);

e upscaling of pilots and demos to achieve a wider diffusion (KA Systems and Ser-
vices for the Citizen);

e monitoring progress and spin-offs (KA Systems and Services for the Citizen).

Authentication systems

Data protection and security is the key issue for this enabling technology. Therefore,
there is also some justification for R&D and demos/pilots to improve the technology,
but also to learn about user-related concerns. In general, European R&D should take
into account that industry is already doing a lot of R&D on authentication systems.

Authentication systems are not a very explicit issue in current R&D programmes, but
should be addressed more explicitly due to their general enabling function for many
other services and technologies, not only in the transport area (c.f. smartcard, mobile
access, payment systems, etc.).

Needs for action:

e more explicit consideration of authentication technology in transport in R&D pro-
grammes (KA Systems and Services for the Citizen).

Mobile access to internet

Both the interests of consumers and industry drive the progress in mobile access to
internet. There is a need to ensure interoperability of systems, but due to the fast
pace of change this should be done mainly by industry itself. Therefore support for
network development, involving lead users and industry, could be a valuable initiative
for the EU.

There is little explicit consideration of mobile access in relation to transport in the cur-
rent programmes, in spite of the expected significant impacts on driving patterns.
More research is needed on the assessment of impacts of mobile access on driving
behaviour due to the fast pace of change in this area, also in terms of monitoring
progress. Pilots and demos as testbeds for assessment and identification of needs
for policy action would also be justified.

Furthermore, programmes to enable the exchange of experiences (‘knowledge trans-
fer”) could facilitate the uptake of advanced mobile access solutions.
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Complementary policies would be helpful to speed up traffic replacement by mobile
access, ranging from taxation and planning to working time regulations. While na-
tional governments might recur also to financial and tax incentives, the EU could
complement this by awareness-oriented initiatives and dissemination of good prac-
tices.

Needs for action:

e network development to enable standardisation and interoperability (KA Systems
and Services for the Citizen);

e monitoring progress and assessment (KA Systems and Services for the Citizen);

e pilots and demos to identify needs for enabling policy action (KA Systems and
Services for the Citizen);

e exchange of experiences and knowledge transfer (KA Systems and Services for
the Citizen);

e awareness building (KA Systems and Services for the Citizen).

Tele-activities

The benefits of tele-activities with respect to transport are still highly disputed. Moni-
toring and assessment should thus continue, building also on further pilots/demos.
Technically, we are already in the introduction phase of tele-activities where aware-
ness needs to be raised about their potential, and knowledge transferred about good
practices. In both respects, the EU could play a facilitating function.

Furthermore, the EU, with its many activities in which people from different places in
Europe are involved, would be an excellent place to apply tele-activities and to dem-
onstrate innovative concept in this field.

Needs for action:
¢ raising awareness (KA Systems and Services for the Citizen);

e monitoring and assessment on the basis of new pilots and demos (KA Systems
and Services for the Citizen);

¢ transfer of knowledge and experiences with tele-activities (KA Systems and Ser-
vices for the Citizen).
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A.3 Road transport technology
The most promising road transport technologies are differentiated into three groups:

¢ generic technologies;
e technologies for passenger transport; and
¢ technologies for freight transport.

In the area of road transport technologies, two main groups of policy measures can
be distinguished. There are first of all technical R&D measures that are justified by
the horizontal nature of the technologies in question (especially for generic technolo-
gies). Secondly, there are several technology-related activities that aim to support the
advancement of policy in the transport field, e.g. in the sense of informing policy
about regulatory or legislative changes required to make new technologies diffuse.
Many demonstration and pilot projects fall under this latter category, even if they also
have important benefit for directly improving and speeding up the uptake of new
technologies.

Generic technologies

Advanced propulsion system

Research and development have shown the technical viability of new propulsion sys-
tems. The introduction of new fuels requires the co-operation and the distribution of
costs among vehicle manufacturers and fuel/infrastructure providers, which can rep-
resent a critical barrier. A moderating, and if necessary enforcing, role of the EU may
be needed soon, because most of the technical problems seem to be addressed al-
ready.

Current EU policy puts emphasis on emission and consumption regulations on the
one hand, and on technical R&D on the other. Further European R&D funding is not
likely to add much to what is already done by industry. Stronger emphasis could be
put on technical R&D to support policy action, e.g. in relation to requirements for new
safety regulations or to co-ordinate the activities of different industrial players.

Furthermore the potential of market mechanisms has not yet been fully used to
stimulate the uptake of advanced propulsion systems, e.g. fuel taxes, and should be
re-considered in a reliable way to foster advanced propulsion systems.

Needs for action:

e technical R&D could be oriented more towards policy-relevant issues, such as
safety regulations, establishment of standards, assessment (KA Economic and ef-
ficient energy);

e moderation and co-ordination between manufacturers, fuel suppliers and infra-
structure operators needed to overcome the current niche status of most ad-
vanced propulsion systems (KA Economic and efficient energy);

¢ fuel taxation strategy to provide predictable economic framework conditions (Com-
mon Energy Policy).
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Electric and hybrid traction

Electric and hybrid traction are already a key target of European technology policy,
both through the roles of regulator and R&D manager. Societal, mainly environ-
mental, interests may justify targeted financial support for new traction, but given the
substantive research efforts by industry and national governments, partly in response
to announced regulations, the EU could probably spent its resources more efficiently
than on direct technical research funding. A co-ordinating, monitoring and
disseminating role would probably be more effective to overcome the barriers in the
introduction phase.

Financial support should rather be targeted on non-technical and non-commercial
barriers. Pilots and demonstration can help identify and subsequently address such
barriers, and especially those that have a European dimension. These are especially
compatibility problems, barriers and uncertainties related to safety regulations, infra-
structure standards (e.g. for recharging). These are clearly border-crossing topics
that could be addressed best by European research and co-ordination actions. In
other words, making sure that new advanced propulsion systems can overcome “in-
teroperability” problems could become a main target of future technical research ac-
tions.

A co-ordinating function and stimuli towards network development would also be
helpful to establish co-ordination between vehicle manufacturers and electricity sup-
pliers, especially in view of the changing context in the liberalised electricity market.
The current “turbulent” phase in electricity supply markets is probably a good oppor-
tunity to attract their interest in new forms of business.

Electric and hybrid traction systems are good cases for a niche development strat-
egy. The mobility behaviour with hybrid, and especially with electric, vehicles differs
and requires a learning process of the vehicle users to find widespread acceptance.
Moreover, new mobility services (e.g. self-drive public EV fleets) will most likely be
central to such niche markets. Exchanging experiences with such schemes could be
a promising inroad for EU policy. At national scale, several such schemes have al-
ready been set up, both in freight and passenger transport, but there are still hardly
any international service schemes. Moreover, the lessons learnt from these experi-
ences have not yet been translated into an adjustment of framework conditions to fa-
vour their uptake. In this respect, the EU could have a pace-making role.

Needs for action:

¢ network development and co-ordination to ensure “interoperable” new propulsion
technologies (KA Economic and efficient energy);

e reducing uncertainty about safety regulation for advanced traction systems (KA
Economic and efficient energy);

¢ stimulating networking and co-operation between electricity supply sector and ve-
hicle manufacturing (KA Economic and efficient energy);

e support new types of electric/hybrid vehicle mobility schemes (KA Land Transport,
KA Sustainable Mobility and Intermodality);
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e trigger an adjustment of policy-dependent framework conditions (taxation, regula-
tion) to favour the uptake of new traction systems (CTP, Common Energy Policy).

Fuel cells

Similar arguments as in the case of electric and hybrid traction apply. Due to the op-
tion of using hydrogen, safety standards are a critical barrier, but it is currently al-
ready addressed in FP5. Financial support for technical R&D does not appear to be
important to advance the technology itself, as industrial research goes already very
much into fuel cells. However, it would be worthwhile maintaining R&D work on those
fuel cell technologies that are not of highest priority to industry in order to maintain fu-
ture options in the broader fuel cell area.

If indeed fuel cells reveal to become the preferred propulsion option of the future,
knowledge transfer and network development will be important in order to make sure
that the wider support and infrastructure system for fuel cell technology is in place,
including service stations, garages and competent mechanics.

Needs for action:

¢ in spite of remaining uncertainties, targeted R&D funding needed only in the non-
dominant fuel cell trajectories (KA Economic and efficient energy);

o safety assessment and research should be continued to ensure that acceptance
problems can be overcome (KA Economic and efficient energy);

e focus on standards in safety to provide a reliable application context for fuel cells
(KA Economic and efficient energy);

e knowledge transfer and network development to establish a wider support system
for fuel cell technology (KA Economic and efficient energy, KA Land Transport and
Marine Technologies).

Electric urban car

Many arguments regarding electric traction apply also to electric urban cars. Electric
urban cars are clearly driven by societal rather than commercial interests. The com-
mercial barriers justify financial support in order to move beyond isolated experimen-
tal applications and into a development stage where economies of scale can be
achieved. For the next years, the creation of a wider application niche will thus be
decisive.

European and national financial support has already gone into demonstration and pi-
lot projects in cities which, due to their specific situation (historic centres, high con-
tamination, etc.), offered conducive conditions for electric urban cars, or that are will-
ing to introduce traffic restrictions. However, this key driver is in the first place a mat-
ter of local policy; the EU should rather restrict itself to an encouraging function. Fur-
ther direct financial support for the uptake of electric urban cars would only be justi-
fied for demonstration projects, to be financed from national rather than European
sources.

European policy could support the niche creation process by facilitating knowledge
transfer and the exchange of experiences, but also by raising awareness and pro-
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moting further the vision of clean cities among those that are still less conscious
about the importance of clean urban transport.

Needs for action:

o facilitation of knowledge transfer among cities (KA City of Tomorrow); support to
networking of key industrial actors and users (e.g. cities) to improve the learning
process with urban Electric Vehicles (KA City of Tomorrow, KA Land Transport
and Marine Technologies);

e raising awareness and creating visions regarding cleaner cities (KA City of Tomor-
row).

Dynamic route planning

Integration with real time traffic data has not yet been fully achieved and tested.
While this may not be directly a European task, standardisation issues to enable data
exchange are involved.

Needs for action:

e standards for data exchange (KA Systems and Services for the Citizen, KA Sus-
tainable Mobility and Intermodality).

In-vehicle traffic information

The need to ensure inter-operable devices in Europe justifies support and action by
the EU. By monitoring current developments in industry, and by networking with in-
dustrial actors and users, standardisation issues could be addressed by the EU.

Needs for action:

e monitoring and assessment of current developments (KA Systems and Services
for the Citizen);

e initiatives to establish standards or standardised interfaces that enable the
Europe-wide use of in-vehicle devices (KA Systems and Services for the Citizen).

Electronic tolling

While being essentially implemented locally, there is scope for European policy to
support the development of electronic tolling technology by direct research funding
because it is key to achieving a fair pricing for infrastructure use in the future. While
regulatory action needs to make sure that the pricing principles are applied across
countries, the technical possibilities will have to be advanced in parallel. Currently,
the technologies seem to be available, but stalled due to uncertainties about the fu-
ture pricing framework. The new regulatory framework for infrastructure pricing is un-
der way, but there is still much uncertainty about the timing of its implementation. In
order to raise real interest in electronic tolling technology among industrial firms, the
envisaged framework needs to be fixed and introduced in a predictable manner.

A second area that should be considered already in the next few years are standards
to ensure inter-operability of on-board tolling devices on European roads.

Exchanging experiences in different Member States could foster the wider uptake of
this electronic tolling.
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Needs for action:
e regulatory principles to be implemented (CTP);
e standards for interoperability (KA Systems and Services for the Citizen);

¢ knowledge exchange to support standard-setting as well as technical research (KA
Sustainable Mobility and Intermodality).

Navigation systems

A new generation of navigation systems at European level is under way. This is
clearly a subject of European interest that justifies EU-financial support, even direct
funding and operation (possibly in co-operation with Eurocontrol for air transport). It
will be important to ensure compatibility with on-board devices and that open inter-
face standards defined.

Moreover, the new satellite navigation system could become a platform that triggers
and speeds up many follow-up innovations. Monitoring opportunities for transport-
relevant innovations could thus be beneficial, because policy will have to be able to
respond to new opportunities and innovations developed by industry on the basis of
GNSS.

Needs for action:

e compatibility issues between navigation systems and on-board devices (KA Sys-
tems and Services for the Citizen, KA Sustainable Mobility and Intermodality);

e monitoring of spin-off innovations and needs for policy actions to enable and frame
them (KA Sustainable Mobility and Intermodality).

Traffic control systems

This is typically a local measure in road transport, but the efficiency of current R&D-
work for the European market could be improved through knowledge transfer and
network development, possibly also by pilots/demos for innovative applications.
Cross-boundaries co-ordinated traffic control will be beneficial to cities and regions.
The outputs of such EU-wide initiatives could be to the benefit of many cities, espe-
cially those that until now have not engaged in targeted traffic control schemes.
Economies of scale could result in major cost savings, thus justifying attempts for es-
tablishing key standards or platforms. However, the local context of each system will
always require experimentation and adjustment.

Needs for action:

e transfer of experiences with traffic control systems through networks of operators
and firms (KA Sustainable Mobility and Intermodality);

o key standards/platform initiatives to enable economies of scale (KA Systems and
Services for the Citizen);

e research, development and pilots for cross-boundaries co-ordinated traffic control
(KA City of Tomorrow).
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Parking management systems

This is also essentially a local issue but some degree of harmonisation would be an
advantage for the travellers. Knowledge transfer of experiences and pilots/demos
could help improve systems and speed up their widespread application. Regulatory
harmonisation measures would interfere quite heavily with the competencies of cities,
and are less likely to be an appropriate EU policy inroad.

Needs for action:

e knowledge transfer and pilots/demos to improve practices widely (KA City of To-
Morrow).

Automated guided vehicles

R&D is mainly driven by industrial interests. The technology is still in the R&D phase
and will not be widely available in the next few years. Nevertheless, it is clear that it
will throw up important standardisation issues, especially regarding interoperability
both within and across MS, and regarding safety. For the moment mainly industrial
research is carried out, but the EU could have an important role in monitoring pro-
gress to identify early on needs for regulatory actions, especially with respect to
safety and interoperability. Due to secrecy issues, there is little scope for direct finan-
cial support to networks of manufacturers.

Needs for action:
e monitoring of progress of industrial research (KA Land Transport & Marine Tech-
nologies);

e targeted research on safety implications/standards and on requirements with re-
spect to the interoperability of systems/standards (KA Land Transport & Marine
Technologies, Industrial Policy);

¢ reliable safety regulations (KA Land Transport & Marine Technologies, Industrial
Policy).

Driver support systems

As for automated guided vehicles, this technology is strongly determined by industrial
interests. Safety regulations are an important area in need of EU policy action. Reli-
able regulations could enable a fast uptake. In order to make sure that users are not
confronted with too many different systems, there may also be a need for harmonisa-
tion of driver support technologies once they are more advanced. Furthermore, the
interface between these technologies and the environment in which they must oper-
ate should be suited for whole Europe. At the moment, the optimal application of
driver support systems is still delayed by national and regional differences in institu-
tions and regulations.

Currently, for most technologies the high level of secrecy does not make financial
support for networks promising, but once the technologies come closer to commer-
cialisation, the need for harmonisation may actually call for European initiatives along
such lines, possibly based on pilots/demos to allow transparent assessment.
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Needs for action:

e monitoring of progress of industrial research (KA Land Transport & Marine Tech-
nologies);

¢ reliable safety regulations (KA Land Transport & Marine Technologies, Industrial
Policy);

e in a few years time, there will be need for harmonisation initiatives (KA Land
Transport & Marine Technologies, Industrial Policy).

Drive by wire

R&D is strongly driven by industrial interests, but safety regulations and a reliable le-
gal framework will be crucial to enable its uptake. This technology is not explicitly
considered in the current EU R&D programmes, but would be a candidate for moni-
toring progress of industrial research, assessment of its safety implications, and
emerging legal requirements to enable its introduction. For this purpose, pilots/demos
might be useful, while direct technical R&D should be left to industry.

Needs for action:

o safety regulations (KA Land Transport & Marine Technologies, Industrial Policy);

¢ reliable legal framework (Industrial Policy);

e monitoring progress and assessment (KA Land Transport & Marine Technologies);

e pilots and demos as test cases to inform policy (KA Land Transport & Marine
Technologies).

Technologies for passenger transport

Human-powered vehicles

The promotion of human powered vehicles has to rely mainly on local actions. The
EU can only contribute through soft measures like awareness building and transfer of
experiences. Support could also be given to pilots/demos that aim to integrate human
powered transport with public transport.

Needs for action:
e awareness building and transfer of experiences/knowledge (KA City of Tomorrow);
¢ pilots/demos to integrate with public transport systems (KA City of Tomorrow).

New systems for personal rapid transit

Research on new systems for personal rapid transit has been done over the last
years already. Now a wider uptake is needed. It could benefit from a better knowl-
edge transfer, based also on the assessment of pilots and demos, but the main prob-
lem for new such systems must be seen in financial barriers and in a mismatch with
the dominant public transport technologies. As these systems are implemented at lo-
cal level, the possibilities for the EU to support their uptake are rather limited. In the
implementation of the new regulatory frameworks for a liberalised transport system
the specific conditions that would favour the uptake of such new personal rapid tran-
sit systems should be taken into account.
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Needs for action:

e knowledge transfer and assessment/monitoring of selected pilots/demos (KA City
of Tomorrow);

e advancement of the liberalised regulatory framework for competitive transport op-
eration (CTP);

e awareness building (KA City of Tomorrow).

Ride sharing

Several smaller and experimental schemes are being implemented, often combined
with reserved lanes. The technology is basically available to operate and co-ordinate
ride sharing at a larger scale, but behavioural and organisational barriers still prevail,
related e.g. to working times, reliability, etc. There is still scope for experimenting, but
that should be essentially financed locally. The EU could have a function in exchang-
ing experiences, networking of relevant actors, raising awareness and making initia-
tives to remove regulatory barriers. Pilots/demos could help to monitor and assess
experiences.

Needs for action:
e raising awareness (CTP);

¢ networking and exchange of experiences (KA Sustainable Mobility & Intermodality,
KA Land Transport & Marine Technologies);

e support for pilots/demos to monitor and assess experiments, leading to regulatory
initiatives where appropriate to stimulate ride sharing (KA Sustainable Mobility &
Intermodality, KA Land Transport & Marine Technologies).

Car sharing

There is still a need for further experimenting with new forms of car sharing schemes,
to learn about and assess better practices and transfer the experiences. There are
many different forms of car sharing schemes, by car manufacturers, car rental com-
panies, public transport operators. The main remaining barriers for car sharing are
not technological any more, but behavioural and organisational (even if some of the
vehicles used may still be in need of further R&D). Network development at Euro-
pean level to enable car sharing beyond the local level could be of high interest to es-
tablish car sharing also in those countries where it has not been successful until now.
Until now, at least, there are hardly any experiences with Trans-European car-
sharing schemes (car-‘roaming”). In addition, support could be given for pilots that
involve co-operation between public transport operators and car-sharers to transfer
the experiences made. Finally, awareness about the advantages and characteristics
of car-sharing could be raised.

Needs for action:

e promoting a European network of car-sharing organisations (KA Sustainable Mo-
bility & Intermodality);

¢ pilots/demos for new forms of co-operation in experimental car-sharing schemes
(KA Sustainable Mobility & Intermodality);

e raising awareness about car-sharing (KA Sustainable Mobility & Intermodality).
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Technologies for freight transport

Road trains

Currently road trains are not explicitly considered in European technology policy. The
timely establishment of safety regulations could help speed up their introduction, i.e.
assuming that in general the use of road trains, be they mechanically or electronically
coupled, finds widespread support and acceptance. Monitoring experiences with road
trains and their assessment would then be needed, especially to evaluate their bene-
fits in comparison with rail transport.

Needs for action:

¢ regulation to enable the use of road trains (Industrial Policy, CTP);

o safety regulations (Industrial Policy, CTP);

e monitoring and assessment (KA Land Transport & Marine Technologies).

Freight telematics

Telematics applications in freight have a high potential to improve the situation in
transport. For city freight distribution, some pilots/demos receive currently support,
but long-distance freight transport telematics is only monitored and assessed by the
EU. Given the European dimension of long-distance freight transport, there is thus
scope for EU action. First of all, raising awareness among the many small freight
forwarders could be helpful, even if they tend to operate for larger logistics firms that
dispose of the necessary telematics technology. Secondly, pilots/demos and knowl-
edge transfer could help overcome several of the user-sided barriers, but also finan-
cial incentives for small freight forwarders to participate in such systems should be
considered, although this may be difficult to realise at EU-level. Third, “hard” regula-
tory measures to prevent empty freight trips or enforce intermodal freight transport
would in principle be another option to favour the use of freight telematics, but such
an approach would probably be faced with severe resistance.

Intermodal freight transport is dependent on the widespread availability of telematics
technology, but as already mentioned frequently, there are not the right organisa-
tional structures and incentives in place to enable intermodal freight transport.

Needs for action:

e raising awareness and knowledge transfer about the benefits of freight telematics
applications (KA Systems and Services for the Citizen, KA Sustainable Mobility
and Intermodality);

¢ pilots and demos to support the use of freight telematics, especially by small firms
(KA Systems and Services for the Citizen, KA Sustainable Mobility and
Intermodality);

¢ financial incentives to use freight telematics schemes (not necessarily EU);

e regulatory actions to favour the use of freight telematics and intermodal integration
(CTP).
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Innovative systems to build underground freight infrastructure

There is still R&D needed to develop the technologies for underground freight infra-
structures. Currently, only first assessments are under way. Given the rather small
number of candidate firms that are engaged in this technology in Europe, an EU re-
search action might be appropriate to improve the knowledge and practices, though
taking into account already ongoing initiatives at Member States level (Switzerland,
UK, Netherlands). Apart from direct research funding and setting up of competent
networks, in later phases the EU could support first pilot applications as a basis for
the transfer of experiences. Otherwise, most funding of schemes should rather come
from the countries/regions that mainly benefit from the new schemes. Innovative fi-
nancing schemes as part of the wider regulatory framework could benefit the uptake
of underground freight systems in the longer term.

Needs for action:

e monitoring and in-depth assessment of first national experiences (KA Sustainable
Mobility and Intermodality, KA Land Transport and Marine Systems);

e network development and direct R&D funding (KA Land Transport and Marine
Systems);

¢ transfer of experiences and knowledge (KA Land Transport and Marine Systems);

¢ initiatives to facilitate financing of schemes in the longer term (KA Land Transport
and Marine Systems).

A.4 Rail transport technology

Many rail technologies are not addressed directly in current EU programmes, but
only indirectly through the definition of requirements for future technologies. The spe-
cific technologies would then have to be suggested by the respective research con-
sortia.

Recycling and upgrading waste material (urban rail)

No targeted activities related to recycling in urban rail area could be identified in cur-
rent EU programmes, but they may be covered by the platform strategy of the KA
land transport and marine technologies. Similar to the recent directives on car recy-
cling, the rail sector could be subjected to regulations regarding recycling. Demos/ pi-
lots to trigger knowledge transfer are also possible, to complement regulatory action.

Needs for action:
e regulatory initiatives on recycling in the rail sector (CTP and Environment Policy);
¢ pilots/demos for knowledge transfer (KA Land Transport & Marine Technologies).

Fuel cell and battery technology (on-demand rail systems)

Fuel cell and battery technology are currently addressed in the KA Economic and Ef-
ficient Energy, though not in relation to rail transport. It is questionable whether there
is scope for EU action beyond monitoring and assessment at the current stage, to
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explore the scope for rail applications of fuel cells. In the longer term, pilots/demos
might become a relevant option if a potential for on-demand rail systems can be
clearly identified.

Needs for action:
e monitoring and assessment (KA Economic and Efficient Energy);

¢ in the longer term also pilots and demos (KA Land Transport and Marine Tech-
nologies).

New rail infrastructure for new transport concepts, e.g. MagLev and Personal
Rapid Transit

With MaglLev being until now a German initiative only (at least in Europe), it should
not be addressed directly by European policy. If indeed MagLev reveals to become a
real option, its wider uptake could in the longer term be fostered by European policy;
in the near future only monitoring and assessment appears to be necessary.

For MagLev as well as for PRT, interoperability issues are of crucial importance, as
are intermodal terminals. New infrastructure projects are always related to land-use
planning, to noise problems. In all these respects, European harmonisation could
help speed up the uptake of new rail infrastructure solutions. Technical research will
continue to be needed on noise and safety issues, and can be justified from a Euro-
pean view. PRT demos/pilots to learn about new requirements and transfer experi-
ences could also be justified European actions.

Needs for action:

e monitoring and assessment of MaglLev technology (KA Land Transport & Marine
Technologies);

e harmonised land-use planning, noise regulations, safety regulations for new infra-
structure systems needed to speed up introduction: for PRT already now, for Ma-
glLev possibly in the longer term (CTP, Industrial Policy);

¢ R&D on safety and noise (KA Land Transport & Marine Technologies);

e demos and pilots with new PRT systems to learn about new policy implications
and transfer experiences (KA Land Transport & Marine Technologies, KA City of
Tomorrow).

Traffic management systems and integration of information technologies with
GNSS (Global Navigation Satellite Systems); Wireless Communication Systems
and Computer Communications Networks (Internet, LAN, WAN) for long dis-
tance passenger and interurban rail)

With GNSS currently being launched, including R&D, piloting and full-scale imple-
mentation, most ground-laying work is already driven by European policy. However,
in the follow-up of introduction there are additional issues to be addressed. In order
for ground-based traffic management technologies to operate together with GNSS,
new standards will have to be introduced. GNSS will also most likely throw up new
questions regarding data protection, information access, and regulation. In particular,
to exploit its full potential, the harmonisation of traffic management systems will have

Page A18 of A29



bR Forecasting and Assessment of New Technologies and Final Report
Fﬂ“TﬂSlE Transport Systems and their Impacts on the Environment August 2000

to be achieved, i.e. they should use the GNSS platform as widely as possible all over
Europe.

Needs for action:

e implementation of the currently launched R&D, pilot and full-scale system (CTP,
KA Sustainable Mobility and Intermodality);

¢ new standards for ground-based technology using GNSS (various programmes);

e legislation and regulation regarding data protection and information access (KA
Systems and Services for the Citizen);

e harmonisation of traffic management systems in Europe (CTP).

Weight and drag reduction

This is a typical permanent research task to improve performance. However, it is
questionable whether the EU should deal with it directly, apart from monitoring and
assessing progress. More effective will be the introduction of competition, and thus of
incentives for innovation in the rail sector. To integrate the (still) national markets,
harmonising regulations may be required with respect to safety, weight and drag is-
sues.

Needs for action:
e liberalisation and competition in the rail sector (CTP);
¢ harmonisation to help open up markets (CTP).

Tilting high speed rail

Tilting high-speed trains are increasingly preferred to dedicated track trains that re-
quire massive infrastructure investment and impact the environment quite heavily.
Research on tilting high-speed trains is in principle already addressed in the current
EU programmes. However, it is questionable whether the rather limited EU funding
will really make a difference. A lot of industrial research is already going on in this
area. The opening up and liberalisation of national markets should be addressed be-
fore further targeted research or pilot funding in the rail sector is offered. Monitoring
and assessing safety performance seems to be the only concrete technical research
area for the coming years for the EU.

Needs for action:

¢ liberalisation and competition in the rail sector (CTP);

¢ harmonisation to help open up markets (CTP);

e monitoring and assessment of safety (KA Land Transport & Marine Technologies).

Technologies for coping with different voltages

Different voltages are an example where harmonisation of different national stan-
dards can not be easily achieved. The issue is at least indirectly addressed in the
current FP5 task descriptions. As a bridging technology between national markets,
European R&D is fully justified. Another argument is the need to reduce the time
losses at border crossings
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Needs for action:

e direct R&D funding (KA Land Transport & Marine Technologies);

¢ pilots/demos (KA Land Transport & Marine Technologies);

¢ standardisation and regulation to ensure their fast introduction (Industrial Policy).

Light rail and people movers

As urban technologies light rail and people movers are already considered in the cur-
rent research actions. Safety issues continue to be important concerns, but most at-
tention should now be paid to market introduction. Safety regulations need to be up-
dated and harmonised to facilitate introduction and remove often unnecessary barri-
ers. Furthermore, the transfer of experiences could speed up introduction, based on
pilots/demos.

Needs for action:

¢ harmonisation and updating of safety regulations (Industrial Policy);
¢ knowledge transfer (KA City of Tomorrow);

¢ pilots/demos (KA City of Tomorrow).

A.5 Air transport technology

In general, RD&D done under the key action aeronautics is very close to the com-
mercialisation stage. Even specific cost reduction targets are given as research ob-
jectives. A large part of the programme seems to be motivated by concerns of indus-
trial rather than technology policy. A second key characteristic is the emphasis put on
quite generic issues such as design tools, air traffic management system, safety re-
lated research, etc.

R&D at European level should be preferred to national R&D initiatives because the
aircraft industry is the model case of a Europeanised industry.

A more general issue for aircraft are the cumbersome procedures for certification of
new core components, structures or new materials (e.g. propulsion systems or fibre
reinforced structure). Also the certification of complete vehicles, e.g. airships, take a
too long time.

Megaliner

Megaliner predevelopment is under way in industry, but for being fully efficient also
the ground-based technologies need to be adapted. Safety and efficiency issues will
also be of major importance for this new class of aeroplanes. As these are mostly
beyond European single control, a key role of European policy lies in a constructive
role in international organisations to facilitate the uptake of new generation European
aeroplane concepts.
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Needs for action:
e standards for ground based technology/terminals (KA Aeronautics, CTP);

e augmented safety standards to be introduced soon in international regulations (In-
dustrial Policy, CTP).

Tiltrotor

Niche markets for tilt rotor aircraft will primarily depend on conducive regulations, e.g.
regarding access to urban areas. In all these respects, a harmonised European regu-
lation would be desirable to facilitate the establishment of a niche market in Europe.
During the niche development process, monitoring and assessment of the progress
made and possible problems should be maintained, based also on pilots/demos.
Technical research as well as regulation are necessary on noise and safety issues.

Needs for action:
¢ harmonised regulation on noise, safety and access to urban areas (CTP, Industrial
Policy);

e monitoring and assessment of emerging problems during the niche market crea-
tion process (KA Aeronautics);

¢ R&D on noise-reduction and safety (KA Aeronautics).

Improved propfan propulsion

New propulsion systems are mainly driven by new regulations. R&D is done in re-
sponse to this by industry. A reliable regulatory framework would help facilitate inno-
vation. Pilots and demos could further complement a European innovation strategy in
this area to learn about problems with new propulsion, and enable the monitoring of
progress.

Needs for action:

¢ reliable regulatory framework for safety, emissions, fuel consumption, noise (In-
dustrial Policy, Environmental Policy, Global interaction);

e pilots and complementary demos to allow monitoring progress (KA Aeronautics).

Supersonic commercial transport

As a long-term option, the planning requirements for such aeroplanes would benefit
from reliable long-term policy goals (~20 years). Innovative, possibly public-private,
financing schemes would have to be explored to guarantee the implementation of
this large-scale technology.

Needs for action:

e establishment of a policy consensus regarding supersonic commercial transport
should be attempted before any further measures are taken (CTP).

Airship

First assessments indicate a number of unique transport capabilities and promising
niche applications for airships. First serious developments are on their way. Further
studies are needed for a more widespread application potential. Certification is man-
datory to speed up their introduction and could be supported by the EU. As airships
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need a new type of ground infrastructure and support system, network development
of associated activities could be helpful. There are different interested manufacturers
in Europe that could benefit from such joint activities, not least in relation to safety
and operational standards for airships in Europe. Indirect effects of airship operation
are estimated to be significantly beneficial (congestion reduction of roads).

Needs for action:
¢ certification to speed up introduction, (KA Aeronautics);

e network development to develop complementary activities to enable widespread
airship operation (KA Aeronautics);

e standards and regulation regarding safety and operation (Industrial Policy);

¢ studies for a more widespread application potential and transport system integra-
tion (KA Land Transport & Marine Technologies);

e development of a long term perspective to replace heavy and bulky freight trans-
port on roads (regulation) (KA Sustainable Mobility & Intermodality).

Subsonic aeroplanes

Subsonic aeroplanes are the main vehicles of a significant growth market and, there-
fore, they need further improvements in efficiency, safety and environmental impact.
Many aspects are already tackled in the Fifth Framework Key Action Aeronautics.

Needs for action:
e continue R&D (KA Aeronautics);

e prepare in time new aircraft/hybrid concepts for a possible next generation (KA
Aeronautics);

e emission reduction, lightweight structures, improved aerodynamics and noise re-
duction (KA Aeronautics).

Defrosting/de-icing systems

Defrosting and de-icing systems are an important safety matter of pan-European in-
terest, but also matter for reducing congestion problems under problematic weather
conditions. R&D, networking and knowledge transfer should thus be given financial
support. In parallel, the findings from research should lead to adjustment of safety
regulations in line with latest technology.

Needs for action:

e R&D funding (KA Aeronautics);

e knowledge transfer and networking to diffuse technology (KA Aeronautics);
¢ adjustment of safety regulations (KA Aeronautics/CTP).

Air traffic management

New air traffic management systems are currently under development. All phases of
the innovation process need to be addressed quite fast. Financial support for R&D is
already given, as well as for pilot/demo application. The key issue for the coming
years is a harmonisation of the European ATMS based on a unique standard. This
will require knowledge transfer to all relevant partners in air operations, network de-
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velopment, adjustment of safety regulations, and finally also a central con-
trol/supervision of air operations in Europe.

Needs for action:
¢ R&D and pilots to test new ATMS (KA Sustainable Mobility and Intermodality);

¢ harmonisation of standards in all European countries requires European policy ini-
tiative (CTP);

e knowledge transfer and networking (KA Sustainable Mobility and Intermodality);
¢ adjustment of safety regulations (CTP);
e strengthening of supervision of air operations (CTP).

A.6 Waterborne transport technology

In general, the marine part of the KA Land Transport & Marine Technologies does
not specify individual technologies, but performance requirements. Whether the four
promising technologies will in the end be selected depends on the implementation of
the key action, and the selection of proposals.

The KA focuses primarily on an R&D role, not so much on an innovation manager’s
role. However, pilot projects (typical for innovation management) fit also in the plat-
form strategy of the key action.

All-electric ship

Currently still in an experimental phase, support for R&D would be justified on the
basis of its promised environmental advantages. The EU role might be less in direct
funding but in monitoring and preparing the regulatory frameworks for enabling its up-
take in a later phase of development.

Needs for action:
e monitoring and assessment (KA Land Transport & Marine Technologies);

e preparatory action for setting harmonised regulations (KA Land Transport & Ma-
rine Technologies).

Fast sea-going passenger ferries
These ferries will only be successful if they are fully integrated into intermodal trans-
port operations (operation as well as ticketing and intermodal services).

Needs for action:
e regulatory framework to support intermodal transport chains (CTP).

Fast inland passenger ferries
These ferries will only be successful if they are fully integrated into intermodal trans-
port operations (operation as well as ticketing and intermodal services).

Needs for action:
e regulatory framework to support intermodal transport chains (CTP).
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Whale tail inland ship

Currently still in an experimental phase, support for R&D would be justified on the
basis of its promised environmental advantages. The EU role might be less in direct
funding but in monitoring and preparing the regulatory frameworks for enabling its up-
take in a later phase of development.

Needs for action:
e monitoring and assessment (KA Land Transport & Marine Technologies);

e preparatory action for setting harmonised regulations (KA Land Transport & Ma-
rine Technologies).

Page A24 of A29



[ s
FANTASIE

Forecasting and Assessment of New Technologies and
Transport Systems and their Impacts on the Environment

Final Report
August 2000

ANNEX B: FANTASIE Contact List

Title | First name | Family name Role Partner | Address Zip code City Country | Telephone Fax E-mail
Code

Mr. Keith Keen Head of strate- [DG TREN | Rue de la Loi 200 B-1049 Brussels BE +32 2 296 3469 +32 2 295 4349 keith.keen@cec.eu.int
gic research

Mrs Maria Alfayate- Scientific DG TREN | Rue de la Loi 200 B-1049 Brussels BE +32 2 296 8250 +32 2 296 3765 maria.alfayate@cec.eu.int

Jiménez Officer

Mr. Ulrich Leiss Project IABG Einsteinstrasse 20 D-85521 Ottobrunn DE +49 89 6088 2219 | +49 89 6088 2088 | leiss@iabg.de
Manager

Mr. Josef Heckelsmueller | Team member [ IABG Einsteinstrasse 20 D-85521 Ottobrunn DE +49 89 6088 3564 | +49 89 6088 2100 | heckelsm@iabg.de

Dr. Dieter Hayn Quality IABG Einsteinstrasse 20 D-85521 Ottobrunn DE +49 89 6088 3527 | +49 89 6088 2088 | hayn@iabg.de
Manager

Dr. David Moon Project ETSU E6 Culham Oxon Abingdon UK +44 1235 43 6553 | +44 1235 43 3001 | david.moon@aeat.co.uk
Manager 0OX 14 3ED

Dr. Nigel Pratten Department/ ETSU E6 Culham Oxon Abingdon UK +44 1235 43 3518 | +44 1235 43 3001 nigel.pratten@aeat.co.uk
QA manager 0OX 14 3ED

Dr. Olga Landolfi Project PFT Viale dell’ Universita | 1-00185 Roma IT +39 06 5711 8246 | +39 06 5711 8547 | landolfi.sta@tiscalinet.it
Manager 11

Mr. Carlo Gentile Deputy PFT Viale dell’ Universita | [-00185 Roma IT gentile.sta@tiscalinet.it

11

(new address:  STA Rome — City of Rome's Mobility Agency, Via Ostiense 131/L, 1-00154 Roma, IT)

Dr. Erik Anders | Eriksson Project FOA FOA 1 S-17290 Stockholm SE +46 8 706 3747 +46 8 706 3868 eae@sto.foa.se
Manager

Mr. Karl-Henrik | Dreborg Deputy FOA Box 2142 S-10314 Stockholm SE +46 8 402 3803 +46 8 402 3801 dreborgk@system.ecology.su.se

Dr. Wim Korver Project TNO P.O. Box 6041 NL-2600 Delft NL +31 15 269 7250 +31 15 269 6050 wko@inro.tno.nl
Manager

Mr. Ben Jansen Quality Control | TNO P.O. Box 6041 NL-2600 Delft NL +31 15 269 6050

Dr. Matthias Weber Project IPTS World Trade Center | E-41092 Sevilla ES +34 95 4488 336 +34 95 4488 279 matthias.weber@jrc.es
Manager Isla de la Cartuja s/n

Mr. Hector Hernandez Deputy IPTS World Trade Center | E-41092 Sevilla ES +34 95 4488 292 +34 95 4488 326 hector.hernandez@jrc.es

Isla de la Cartuja s/n

Page A25 of A29



mailto:leiss@iabg.de?subject=FANTASIE

[ s
FANTASIE

Forecasting and Assessment of New Technologies and
Transport Systems and their Impacts on the Environment

Final Report
August 2000

Title | First name | Family name Role Partner | Address Zip code City Country | Telephone Fax E-mail
Code

Mr. Donald Bain Deputy ISIS EC-JRC 1-21020 Ispra (Va) IT +39 332 789 369 +39 332 789 394 donald.bain@jrc.it

Mr. Massimo Paruccini Team member | ISIS EC-JRC 1-21020 Ispra (Va) IT +39 332 789 302 +39 332 789 394 massimo.paruccini@jrc.it

Mr. Matthew Page Project ITS University of Leeds | LS2 9JT Leeds UK +44 113 233 5358 | +44 113 233 5334 | mpage@its.leeds.ac.uk
Manager

Ms. Anne Hall Administration | ITS University of Leeds LS2 9JT Leeds UK +44 113 233 5359 | +44 113 233 5334 | ahall@its.leeds.ac.uk

Prof. | Francesco | Filippi Project DITS Via Eudossiana 18 1-00185 Roma IT +39 06 4458 5147 | +39 06 4458 5147 | francesco.filippi@uniroma.it
Manager

Dr. Paolo delle Site Team member | DITS Via Eudossiana 18 1-00185 Roma IT +39 06 4458 5128 | +39 06 4458 5147 | paolo.dellesite@uniroma1.it

Dr. Alberto Frondaroli Project CSST Via Bissolati 1-00187 Roma IT +39 06 4888 9230 | +39 06 4888 9231 csstrm@mclink.it
Manager

Dr. Mark Dougherty Project CTS Forskargatan 3 S-78188 Borlaenge SE +46 23 7785 00 +46 23 7785 01 mark.dougherty@cts.du.se
Manager

Mr. Alain Wouters Project WS 92, Dikke Beuklaan | B-1090 Brussels BE +32 2 478 2307 +32 2 478 2307 wouters@well.com
Manager

Mr. Philipp Vandenbroeck | Deputy WS Naamsesteenweg B-3001 Heverlee BE +32 16 40 1103 +32 16 40 1103 philipp.vandenbroeck@ping.be

255

Dr. Henk van Zuylen Project AVV P.O. Box 1031 NL-3000 BA Rotterdam [ NL +31 10 282 5732 +31 10 282 5642 h.j.vzuylen@avv.rws.minvenw.nl
Manager

Mr. Henk A.M. | Pauwels Team member | AVV P.O. Box 1031 NL-3000 BA Rotterdam | NL h.a.m.pauwels@

avv.rws.minvenw.nl

Page A26 of A29




bR Forecasting and Assessment of New Technologies and Final Report
FANTASIE Transport Systems and their Impacts on the Environment August 2000

ANNEX C: List of Deliverables

The FANTASIE project has produced the following documents:
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their implications on transport policy
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GLOSSARY OF TERMS AND ABBREVIATIONS

ADT
AHS
(A)ICC
APCAR
ATC | ATM

ATP / ATC / ATO
AVG/..P/..F

BAU
CBA
CHRAIL
CNG
CNS
Cordis
CRISP

CRYO
CTP

CVT

D

DG TREN

DISC engine

EATMS
ELESHIP
ERTMS
ESTO

EV
FFERRY
FIFERRY
FRP / FRM
GPS
GHG(s)

GSINNO
GSM

HDV / HGV
HEV

HOV

HPVE

Automated Driverless Transport

Automated Highway Systems

(Autonomous) Intelligent Cruise Control

All-Purpose Car

Air Traffic Control / Air Traffic Management
Automatic Train Protection / ... Control / ... Operation
Automated Vehicle Guidance (passenger / freight)
Business As Usual scenario

Cost-Benefit Analysis

Conventional Heavy Rail — passenger and freight
Compressed Natural Gas

Communication, Navigation and Surveillance

(EC's) Community Research and Development Information Service

Counter Rotating Integrated Shrouded Propfan for airplanes; an ad-
vanced combination of fan jet and turboprop engine

Cryoplane; subsonic aircraft using "green" fuel such as LH, or LNG
Common Transport Policy of the EU

Continuously Variable Transmission

Deliverable; output document, as cited in this report

European Commission's Directorate General for Energy and Trans-
port (formerly DG VII)

Direct Injection, Stratified Charge engine (often includes variable
valve timing)

European Air Traffic Management System

All-Electric Ship

European Rail Traffic Management System

European Science and Technology Observatory (network)
Electric Vehicle

Fast sea-going passenger Ferry

Fast Inland Ferry

Fibre Reinforced Plastics / Fibre Reinforced Metals
(satellite based) Global Positioning System

Green House Gas(es); comprise naturally occurring gases, such as
water vapor, carbon dioxide (CO;), methane (CH4) and nitrous oxide
(NOx), and man-made gases, such as chlorofluorocarbons (CFCs),
hydrofluorocarbons (HFCs), carbon monoxide (CO), sulfur dioxide
(SO,), etc.

Rail and Guided System Innovations
Global System of Mobile communications
Heavy Duty Vehicle / Heavy Goods Vehicle
Hybrid Electric Vehicle

High Occupancy Vehicle

Human-Powered Vehicle
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HSRAIL
ICC/ACC
ICE

IPT

KA
LDBUS
LDHDV
LDV / LGV
LEV

LH, /LNG
LPG
LRTPM
MagLev
MCA
MEGAAIR
OECD
PRT
PTW
RME
ROTOR
RTD / R&D

SB

SCT

SG

SME

SMVE
Socio-economic

SUBAIR
TA

TC
TCS/ETCS
TF

W

UBUS
UCAR

UG

vC

VTOoL

ZEV

High Speed Rail

Intelligent Cruise Control / Adaptive Cruise Control
Internal Combustion Engine

Individual Public Transport

Key Action in the context of the EC's R&D programme(s)
Long-Distance Bus

Long-Distance Heavy Duty Vehicle

Light Duty Vehicle / Light Goods Vehicle

Low Emission Vehicle

Liquid Hydrogen / Liquid Natural Gas

Liquid Petroleum Gas

Light Rail and People-Movers

Magnetic Levitation (railway) system

Multi-Criteria Analysis

Megaliner (high capacity, long range) Aircraft
Organization for Economic Cooperation and Development
Personal Rapid Transit

Powered Two-Wheeler

Rape Methyl Ester

Rotorcraft Vehicles; i.e. helicopters, tilt-rotor/-wing aircraft

Research and Technological Development / Research and Develop-

ment

Sustainable Balance scenario
Supersonic Commercial Transport
Sustainable Growth scenario

Small and Medium-sized Enterprise
Slow-Moving Vehicle

in the FANTASIE context five main socio-economic (impact) areas
have been assessed, namely: economic development, completion of
the European single market, social cohesion and quality of life, public

acceptance, and EC enlargement
(advanced) Subsonic Aircraft
Technology Assessment

Transport Concept

Train Control System / European Train Control System
Technology Forecasting

Technology Watch

Urban Bus

Urban Car

Unrestricted Growth scenario

Vehicle Concept

Vertical Take-Off and Landing (aircraft)
Zero Emission Vehicle
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