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1 Introduction

This document is used to compile all those areas in which the LibeRTiN thematic network has
identified future research needs. During the process of LibeRTiN it will be updated and by the end
of the project give a conclusive overview of those areas in the Light Rail sector, where research
has been identified to be useful but out of the scope of the LibeRTiN project.

The LibeRTiN project consisted of three phases. In phase 1, those topics where LibeRTiN would
be able to achieve results via experts discussion and a consensus building procedure were
distinguished.

These can be seen from Figure 1, where those topics that have been dealt with in LibeRTiN
working groups are shown in red.

EMC

Compatibility of energy supply Interior lighting

Safety of energy supply systems

Loading — Cab layout and equipment
Air conditioning, Traction and control
heating and ventilation Frotection systems

Fire safety Information systems

% > FJ— '

1

| O External IightingJ
Derailment - Access (disabled) i

Crashworthiness

G: . Door systems
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Emergency brakes Internal layout Environmental issues
Emergency equipment

Tendering

Moise Maintenance — Coupling types

Retractable coupling

Figure 1: LibeRTiN topics (incl. topics to be dealt with by LibeRTiN, in red)

During phase 2 of the project, the ten LibeRTiN topic groups were active and consensus on the
different issues was reached via online discussions on the restricted area of the LibeRTiN website
and through three expert workshops in Amsterdam, Naples and Prague, where the experts again
were able to voice there opinion and discussions between members of different topic groups were
ensured.

LibeRTiN concluded with phase 3, where the major stakeholders of the project, UITP and UNIFE,
along with the project co-ordinator TTK presented a plan for implementation of the LibeRTiN
results. These could for example be a:

- Recommendation for a new standard
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— Proposal for adaptation of an existing standard
— UITP/UNIFE recommendation

During all three phases, problems and issues that were pointed out by LibeRTiN but could not be
tackled due to time and resource constraints were compiled in this document, the Masterplan for
Future Research.

For the results of the ten LibeRTIiN topic groups as well as further information on the LibeRTiN
project, please refer to the LibeRTiN website at www.libertin.info.

1.1 Identified LibeRTiN Research Clusters

The areas (Research Clusters) in which further research is seen as being necessary by the Light
Rail community are the following:

» Safety related research needs

* Research related to System Attractiveness and System Economics
» Research for Technical Harmonisation

* Research in the Environmental area

These four research clusters identified by LibeRTiN are clearly in-line with the current UITP
research agenda (UITP-RA) for urban transport'. For example, chapter 3.4 of the UITP-RA deals
with “Improvement of Safety and Security for all”. This relates to the LibeRTIN cluster “Safety
related research needs”.

The following table describes the relation between the UITP-RA and the proposed LibeRTiN
research clusters:

UITP-RA Recommendation (Chapter) LibeRTiN Research Cluster
Improvement of safety and security for all (3.4) Safety related research needs
Increasing the attractiveness of PT systems: Research related to system attractiveness and
More customer oriented services (3.2) system economics
Improving cost effectiveness of investment and Research for technical harmonisation
operation of PT systems (3.1)
Improvement of environmental performance Research in the environmental area
(3.3)

As can be seen, LibeRTiN'’s research clusters closely follow the UITP-RA.

On the other hand, they are not identical with the Research clusters proposed by the ERRAC
Strategic Rail Research Agenda (SRRA, see table on the next page). This is due to the fact that
the SRRA is fairly “heavy rail” based and specific areas which are important to heavy rail (such as
freight operations) are covered, whereas technical harmonisation is not covered that much.
Technical harmonisation in the heavy rail area is further advanced than in light rail, due to the TSI-
process. While LibeRTiN does not aim at achieving "interoperability”, as the TSI's do, it was a clear
goal of the project to achieve a higher level of "interchangeability”, i.e. the future possibility to
easily change an LRT component due to the harmonisation of interfaces and of fundamental

! Strategic Research Agenda for urban, suburban and regional public transport in the European Union, UITP EuroTeam,
25/10/2004
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characteristics of LRT systems. It was therefore agreed that the research clusters proposed by
LibeRTiN represent the major research areas for light rail in the next few years.

Nevertheless, the proposed areas for further research in the light rail field do not contradict the
ERRAC Strategic Rail Research Agenda, as can be seen from the following table:
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1.2 Why is further European research justified?

Sustainable surface transport and liveable cities are a clear goal of the policies of the European
Union. While all manufacturers and operators in Europe would agree to these goals, there are
several factors which prevent the sector from implementing these using only their own resources.
A reason for this can be the fact that profit margins in this sector, both on the side of the operators
and the manufacturers, are not high enough to sustain a high level of research in areas, where no
immediate or at least medium term returns on investment can be expected.

On the other hand, the direct competitor of light rail systems, i.e. the private car, can rely on high
research expenditures which are mainly driven by high volume production?.

To counteract this discrepancy between free market outcome, where the light rail sector would be
kept from necessary research due to the above mentioned factors, it is very important that further
research is carried out.

The LibeRTIN project also showed that the communication and knowledge exchange between
European manufacturers alone already had some benefits, which was stated by the participants
repeatedly.

The following areas for further research have been identified by the LibeRTIiN partners, experts
and topic leaders. Therefore, some more global issues are mentioned while at the same time,
some areas already go into more details. To give a better picture, the areas have been assigned to
the LibeRTiN research clusters as mentioned above. Furthermore, for each area it is clearly stated,
where possible further activities should be handled, for example as part of a LibeRTiN Il project or
as a separate research project.

Also, with each topic, some insight into the current state of the art is given, as well as some
indicative follow-up action, priority level, type of available funding instrument to be used and
approximate quantification of the budgets needed. The last page is a summary table of topics,
action plans and budget. It can be viewed as a “light rail arm” of the SRA to be prepared by
ERRAC.

2 During automobile production cycles, it is quite normal to have prototypes in the hundreds. Light rail vehicle
manufacturers are happy to sell more than one hundred vehicles of one type.
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2 ldentified Research needs

2.1 Safety & Security Cluster
2.1.1 Improving safety outside the LRV

2.1.1.1 Issues and objectives

Improving safety outside light rail vehicles, mainly at the front and the right side front corner, to
reduce the negative impact of a collision with a LRV for all traffic participants while at the same
time reducing the vehicle repair cost after collisions.

2.1.1.2 Current State of the Art

At present, collision safety of light rail vehicles varies greatly throughout Europe. Available
standards only specify front end buffer loads. The EU project Safetram reached first results.
Building on these, a higher degree of harmonisation should be achieved.

2.1.1.3 Potential benefits

LRV’s often operate in crowded traffic areas and crashes with pedestrians, bicyclists, and car
drivers (who cross the line) are very frequent. Therefore, any measure that reduces the impacts of
such incidents will lead to significant benefits for society both economically and socially. Higher
perceived safety of the system will also increase the attractiveness of the light rail mode as a
modern means of public transport.

2.1.1.4 Challenges

As LRV's are very cost and weight sensitive and have a very long operating lifespan, any solution
proposed must take into account these requirements. Outside airbags, composite or metal foams
and other deformation elements must be considered.

2.1.1.5 Proposed actions

» Start from accident analysis of the EU-project Safetram
» design and calculate modifications for actual LRV types
» verification of some cases with sled tests and dummies
» analysis of relevant cases (best practice examples)

» setting up of some guidelines based on these best practice examples and the results from the
research and tests carried out in this research activity

2.1.1.6 Way forward and proposed instrument

Include this area in a separate action follow-up project, e.g. STREP. Approximate budget
estimation would be 3 Mio € — Similar to SAFETRAM

Masterplan_Future_Research_v16.doc www.libertin.info page 6
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2.1.1.7 Priority level

Medium

2.1.2 LRV Interior Passive Safety

2.1.2.1 Issues and objectives

Crashworthiness refers to two main goals in case of collisions:

(1) Minimisation of loss of survival space and

(2) Minimisation of severity of occupant injuries resulting from secondary impacts.

In the LIBERTIN project the topic crashworthiness was referred to the SAFETRAM project.
SAFETRAM has priority solved problems of structural crashworthiness (1) in specific situations for
LRT and Tram-train. Referring to the passenger and crew passive safety (2) the project has only
provided the scientific basis and general results for LRV’s interior layout. To specify the operator’s

passive safety requirements for the industry and to enable the manufacturers to proof the fulfiiment
of those requirements, some additional work is necessary.

The objectives of this research should be:

» Limitation of interior features aggressiveness

» Definition - simple global injury criteria (derived from bio-mechanical criterion)

» Definition - reference collision pulse (relation - test corridor and real deceleration)
» Effective duration for the deceleration influence

* Relation between the EN12663 requirements for fixings & the deceleration effects
e Survival space definition with simple demonstrable requirements

» Seat and other equipment design for secondary impact

e Standing passenger protection

2.1.2.2 Current State of the Art

The EU project Safetram gave a scientific basis for the risk levels and likelihood of an injury inside
a LRV. VDV and other recommendations for the interior layout available, but only deal with interior
safety in a minor way. Proposals for good practice interiors and layouts to be avoided should be
made in this project.

2.1.2.3 Potential benefits

* Improved potential to save lives and lessen injury

» European Interior Passive Safety Harmonisation

» Approval and validation methodology

* Increased share of the transport market through perceived improved occupant safety

» Possibly Integration with existing legislation of a complimentary Interiors Safety Standard

Masterplan_Future_Research_v16.doc www.libertin.info page 7
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» Cost effective virtual testing techniques

2.1.2.4 Challenges

The interior of trams and light rail vehicles has to be both safe for and attractive to the passenger.
This attractive design also needs to be taken into account during this project.

2.1.2.5 Proposed actions

* Analysis of the SAFETRAM passengers and driver's passive safety results referring to the
practical application by operators and manufacturers

* Adjustment of the SAFETRAM collision pulses regarding up-to-date LRV’'s and current
operators purchasing programmes

» Definition of measurable and demonstrable requirements of interior shaping / structuring and of
the components fixing

* Requirements of passenger area’s and driver’s cabs design
» Proof of the feasibility on the basis of selected arrangements / components

* Recommendations for LRV passive safety harmonisation at the European level (common
prescriptions).

2.1.2.6 Way forward and proposed instrument

Include this area in a separate action follow-up project, e.g. CA. Approximate budget estimation
would be 1 Mio € — Similar to TRAINSAFE

2.1.2.7 Priority level

Low

2.1.3 Need for of retractable couplings for all of Europe

2.1.3.1 Issues and objectives

This research deals with the question of retractable couplings throughout Europe. In the United
Kingdom fixed (non-retractable) couplings are not permitted on light rail vehicles which run in the
street, and it is understood that networks in Spain would also follow the same practice. It appears
that concern about the use of fixed couplings is most evident in those countries which do not use
them, although it is likely that operators in all countries would prefer not to use the retractable type
for cost and reliability reasons.

Masterplan_Future_Research_v16.doc www.libertin.info page 8
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2.1.3.2 Current State of the Art

Retractable couplings are available for nearly all LRV designs, but while reducing risk during an
accident, they are costly. Only some countries (e.g. UK) have a rule that these have to be fitted on
all LRV's. For better harmonisation it should be determined whether this really reduces risk greatly
(in which case it should be compulsory elsewhere) or if it only adds cost (in which case it could be
left open to the operator to decide). It shall also depend on the need or not to use various train-set
composition along the day for operating purpose.Potential benefits

The project should seek to quantify the hazard presented by fixed couplings in the countries where
they are used, and to establish whether this is sufficient or not to justify a change to retractable
couplings in the future.

2.1.3.3 Proposed actions

Since retractable couplers are not used in many countries, and feature significant overcosts, an
objective appraisal of the safety and operational benefits should be performed in order to
investigate if they should be generalised; or to whether their mandatory use in some areas
increases safety and other social benefit enough to justify keeping this mandatory character .

2.1.3.4 Include this areain a future LibeRTiN follow-up project.

Include this area in a separate action follow-up project, e.g. CA. Approximate budget estimation
would be 1 Mio €

2.1.3.5 Priority level

Medium

2.1.4 Automatic Couplers

2.1.4.1 Issues and objectives

A standard for the electrical connectors or interface should help to reduce investment and
maintenance cost of couplings. In particular Alstom highlighted at their questionnaire feedback at
this topic that harmonisation on the coupling interface is necessary (e.g. train control). So further
considerations should focus on preparing guidelines for the use of standardised connectors in the
couplers to support exchangeability and reduce cost. This topic was also suggested as worthwhile
for future research by BVG of Berlin. The long-term goal would be to achieve the possibility to
couple vehicles of different manufacturers and operate them as a train.

2.1.4.2 Current State of the Art

Currently, only vehicles of one type, from one manufacturer and usually also produced within a
similar time span can be operated in multiple traction. If this could be changed, large savings to
increased interchangeability can be expected.
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2.1.4.3 Potential benefits

Standardisation and modularity would lead to reduced cost and increased system reliability.
Harmonisation in this area will greatly benefit the emergence of a second hand market for LRVSs.

2.1.4.4 Challenges

There seem to be no major difficulties to reach relevant results within this topic, suppliers
contribution presumed. The mechanical aspect can easily be overcome by using adapters (which
may imply some additional costs), but the challenge lies with the electrical and communication
links.

2.1.45 Proposed actions

First a suitable working group consisting of vehicle manufacturers, coupling suppliers, equipment
suppliers and a few operators using multiple units has to be established. The following actions of
this group should be defining boundary conditions, describing standard interfaces and developing
technical details of such standard electrical connectors and coupling interfaces.

2.1.4.6 Way forward and proposed instrument

Include this area in a separate action follow-up project, e.g. STREP. Approximate budget
estimation would be 2 Mio €

2.1.4.7 Priority level

Medium

2.1.5 Evacuation from tunnels (as addition to new European gauging standard)

2.1.5.1 Issues and objectives

Accidents in tunnels, and particularly fires, can have dramatic consequences and can prove
extremely costly in terms of human life, increased congestion, pollution and repair costs : the fires
in the Mont Blanc (France/ltaly) and Tauern (Austria) road tunnels in 1999 and in the Gotthard
(Switzerland) road tunnel in 2001, as well as the Kaprun (Austria) funicular railways in 2000) have
highlighted the potential consequences, in human and economic terms, of such accidents. This
lead the European Commission to prepare a Directive on minimum safety requirements for road
tunnels longer than 500meters.

There is no such regulation for rail tunnels, even if AEIF is currently working on a fire safety TSI
covering rail vehicles operated in rail tunnels.

It is proposed to develop a future research activity on evacuation provision for urban rail tunnels,
on the basis of an analysis of the existing situation in the existing metro and LRT systems.
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2.1.5.2 Current State of the Art

The Directive 2004/54/EC on minimum safety requirements for tunnels in the trans-European road
network lays down a set of harmonised minimum safety standards dealing with the various
organisational, structural, technical and operational aspects. The aim of the Directive is to ensure
that all tunnels longer than 500 metres, whether in operation, under construction or at the design
stage, and forming part of the Trans-European Road Network, comply with the new harmonised
safety requirements. Tunnels shorter than 500 metres do not generally need to be equipped with
mechanical ventilation systems, as the hot smoke emitted by the fire is naturally stratified.

With regard to rail, what is underway is the preparation of a fire safety TSI for Conventional Ralil
vehicles when operated in rail tunnels.

2.1.5.3 Potential benefits

A better knowledge of the existing situation could lead to identify the evacuation provisions which
are used in existing urban rail tunnels, and which could be harmonised for the design of new urban
rail systems in order to maximise safety, if proved economically justified.

2.1.5.4 Challenges

The civil works are extremely costly in the case of tunnels, and any change in an existing situation
leads to huge additional investment. A proper design for new systems may therefore lead to
important savings in the future. On the other hand, for existing networks, it might not be so easy to
characterise the current situation nor the migration process and costs to an improved situation if
envisaged. The requirements should be applicable to NEW tunnels...

2.1.5.5 Proposed actions

Setting up a working group on safety in urban rail tunnels, taking advantage of the experience
gathered in similar research for road and in the drafting of the rail fire safety TSI, to issue
recommendations.

2.1.5.6 Way forward and proposed instrument

Include this area in a separate action follow-up project, e.g. CA. Approximate budget estimation
would be 1 Mio €

2.1.5.7 Priority level

Medium
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2.2 Attractiveness and economics Cluster
2.2.1 Analysis of light rail performance and insertion in the urban environment

2.2.1.1 Issues and objectives

LRT is a wide-ranging concept, which can vary considerably in terms of costs and service rendered
to the community (between bus and conventional metro services). Moreover, the emergence of
innovative modes with so-called intermediate service levels has further blurred the classical clear-
cut categories of public transport science, which have prevailed for decades. This confusion leads
to difficult reasoning in decision-making process, resulting in sub-optimal choices or decisions
which remain overdue.

2.2.1.2 Current State of the Art

Light rail systems today still cover a wide range of application from typical tramway in mixed traffic
to metro-like provisions. The typology of “light rail” is often neglected in its diversity and this gives
birth to undifferentiated simplistic arguments against LRT (too expensive, buses could perform as
good...) A good presentation of all the factors in favour (and opposing) the introduction of light rail
would be beneficial for the community to be able to better assess different proposals for high
guality public transport provisions. Empirically, it is known that new light rail projects offer more
than the usual mass transit capacity improvement. At a first sight, but not in a limiting way, the
following issues are proposed:

* a better organisation of traffic flows along the LR route (as LR priority, more advanced traffic
management, etc) and

» relevant street architecture and facilities changes (platforms, elevators, inter-modal stations,
etc).

Despite its excellent record and reputation, the development of Light Rail systems is increasingly
challenged and often facing strong opponents, using arguments, often of economic nature, that are
often not verified, to demonstrate that LRT schemes are a “political fad” and a waste of taxpayer
resources. This is due to the scarcity of funding and the emergence of innovative public transport
options (guided rubber-tyred systems, Bus Rapid Transit etc.). The classical pattern of transport
science derivating the choice of the appropriate transport mode from a matrix of capacity vs. costs
has become obsolete and needs being revised.

2.2.1.3 Potential benefits

Offering more arguments for the whole range of light-rail applications, or alternative new systems is
an important action, both for operators and political authorities to improve the availability of this
sustainable AND attractive means of public transport best adapted to the needs of the European
citizen. The high level of necessary investment and sometimes the “fight” for space where the
classical tram has disappeared will be easier accepted if a demonstration of additional benefits is
well performed.
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2.2.1.4 Challenges

Budget constraints in the EU member countries make light rail projects less likely, even if they are
economically sensible. It should be the aim of this project, to provide appropriate tools to better
assess the reasonably expected “return” on such investments to overcome these problems.

Perform a detailed performance analysis of various PT modes often presented grossly as
equivalent in terms of service levels and diverging in terms of capital and operation costs, i.e. with
various cost-effectiveness for the tax payer. This study should analyse capital costs, operation
costs, modal shift induced, capacity and other indirect effect on the PT network and the city
environment...). Agreeing on a methodology will not be easy.

2.2.1.5 Proposed actions

Based on the local and international practice, it is proposed to build a scientific methodology to
analyse objectively performance indicators of LRT schemes, compared with those of BRT (Bus
Rapid Transit) and of fully fledged metro systems. Good and differentiated arguments showing the
complimentarity of the technical options instead of their opposition should be the output

The suggested approach involves compiling and comparing the quantified and detailed data
typical of service and usage performance of a panel of LRT (Light Rail Transit) and BRT/innovative
system lines.

The purpose is to assess the impact of several standard LRT line profiles on the commuting
market by seeking the relations or even correlation between their urban environment, their transit
service offer and their ridership.

The object is to:

« Provide quantified components for an assessment that may serve as a sales pitch for
investments in LRT development or modernisation

- Share and circulate the methods for the impact assessment of the infrastructures and public
transport services, within the UITP.

Initially, the standard LRT line profiles that can be considered are, for instance:

* Classical tramways that have been modernised with priority measures, such as
Zurich, Milan, Vienna, Wien

* Right-of-way modern tramways: Nantes, Strasbourg, Montpellier, Porto
e Light rail: Stuttgart, Cologne, Rouen
 Tram-train; Sarrebruck, Karlsruhe

The definition of standard LRT line profiles will include an estimate of the related investment costs.
The estimate should further the analysis of the cost structure for each standard LRT profile, by
identifying its specific components (remodelling public spaces, civil engineering works, and so on).

Intermodal comparison factors (bus and heavy metro) should also be collected to assess the
performance of each LRT line in its local environment.

2.2.1.6 Way forward and proposed instrument

Include this area in a separate action follow-up project, e.g. SSA. Approximate budget estimation
would be 1 Mio €
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2.2.1.7 Priority level
High

2.2.2 Access

2.2.2.1 Issues and objectives

Due to a lack in Access Standards, a great many nations have developed guidelines which, in very
few cases, have been or are being converted into national regulations. From a European
perspective there clearly is a chance to guide these processes in the direction of an overall
accepted unified core document, be it a guideline, regulation or standard.

Accessibility is a comprehensive field and in detail often complex. For it to be successful, a "door to
door" concept needs to be applied to close the "chain". However, LibeRTiN is about Light Rail and
work therefore had to be limited to vehicle aspects and the vehicle platform interface. This fact was
accepted with great reluctance by the experts and resulted in two objectives: 1) identification of all
relevant Access Themes and 2) the selection of those themes that fitted the LibeRTiN scope.

The main LibeRTiN objective therefore was to identify all possible Access Themes, to select the
ones relevant to LibeRTiN and for those to find consensus on recommendations based on current
guidelines and the experts' input. Identification and selection were based on three principles in
sequence: absolute system requirements for accessibility; short, medium and long term potential;
and the influence of cost driver aspects, focusing mainly on the vehicle.

2.2.2.2 Current State of the Art

Access is a very important issue for all light rail systems, but clear recommendations valid EU-wide
are still missing. LibeRTIN started this process, but the output should be followed on and further
recommendations provided. The most critical aspects and cost drivers were successfully
addressed in LibeRTiN process.

2.2.2.3 Potential benefits

Benefits can be found in three aspects. Most importantly the passengers with reduced mobility
(31% of the users in 2020) will benefit from accessible systems. This will be facilitated indirectly
through the benefits both the operator and industry can obtain if Access guidelines and regulations
can be harmonised.

Operator benefits are mainly found in maintenance, staff related issues and the increase in
passenger numbers.

Industry benefits through harmonisation of the specifications from the early design stage up until
and including vehicle maintenance during operation. These benefits should lead to cheaper
vehicles.

2.2.2.4 Challenges

The main challenge was to adhere to the LibeRTiN scope but at the same time not to loose sight of
the "door to door" concept. As before mentioned, the topic of Accessibility is comprehensive and
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often complex which made an arduous selection and careful allocation of resources to the great
abundance of Access themes necessary.

A further challenge constituted the fact that potentials for improvement depend on many factors
such as old versus new light rail systems and simple variations such as the available budgets.

A very positive challenge was to find consensus among such a large number of active experts,
more than any other LibeRTiN topic.

2.2.25 Proposed actions

Even though the LibeRTiN topic group Access identified all relevant main themes and subsequent
sub-themes, not all could be dealt with. It was decided early on by the topic group that the following
would not be selected and thus are open to future research:

Main theme: ITS

 The FP5 Tr@nsITS project covering ITS issues related to public transport produced numerous
proposals for research topics which are presented in the final report (see
Www.uitp.com/transits)

Main theme: Layout and facilities of stations or stops
Sub-theme: all sub-themes are still open. They include:
e Structural elements (such as furniture, pillars and stanchions)

» Tactile markings (is being worked on by an other body but includes: delineation, guard rails /
hand rails, types and location requirements)

* Waiting areas

e Steps, lifts and escalators

* Vending facilities

» Park and Ride

» Access for pedestrians and cyclists
* Interchange

» Visibility

Main theme: boarding and alighting
Sub-theme: Closing doors

Define European recommendation for audible and visual signals, closing force, and other doorway
operation features.

Sub-theme: Door and boarding equipment control
Define places and position of controls.
Sub-theme: Signage on accessible doorways

Find a unified European symbol “pram” / multi-purpose spaces. This is also true for the
"wheelchair" and other signs and accompanying texts (analogue to texts on cigarette boxes!).

Sub-theme: Gap fillers

Each operator is experimenting with this on his own. A more expedient effort is recommended.
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Sub-theme: Boarding devices

Discussion on technical aspects is converging. However, the legal question of liability during
operation of equipment should be solved. It is wished that passenger can operate device
him/herself.

Main theme: Access to the facilities and services on the vehicle

For following sub-themes the topic group decided that "Harmonisation of the mechanical and
electrical interfaces" would suffice:

Sub-theme: Validators

Sub-theme: Ticket vending machines
Sub-theme: Smartcard readers

Main theme: Circulation within the vehicle

For following sub-themes the topic group was of the opinion that one of the existing guidelines or
regulations or perhaps a synthesis of a few could be adopted as a European recommendation :

Sub-theme: Slip-resistance
Sub-theme: Colour contrast
Main theme: Vehicle layout
Sub-theme: Priority seats
Sub-theme: Regular seats

It was general consensus that the sizes of seats are not a major cost driver and that this aspect
very much enables the operator to determines its image. Therefore it is not sensible to harmonise
shape and cloth etc.. There might however be some sense in defining minimum dimensions such
as depth, width and height for which requirements now are very different.

At the same time, some of the following aspects are of importance and might be proposed for
harmonisation : clearance between seats, layout of sets of seats (because this can be a medium
cost driver aspect), cantilevered (without vertical support for easier cleaning), pitch, directional,
unidirectional, distance to table, lifting table and legroom.

2.2.2.6 Way forward and proposed instrument

Include this area in a separate action follow-up project, e.g. CA. Approximate budget estimation to
be defined.

2.2.2.7 Priority level

Low
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2.2.3 Economic impact of “railway type” regulation applied to LRT in comparison with
“road type” regulation applied to buses

2.2.3.1 Issues and objectives

An LRT is a public transport system operated mostly often at grade, on the streets, and benefiting
from priorities over the general traffic. However it is also regarded as a rail system, which
characteristics are often defined as an extension of what applies to heavy rail. A comparison of
LRT and bus regulations could lead to propose an alleviation of the technical and regulatory
constraints affecting the LRT design and operation.

2.2.3.2 Current State of the Art

Standards in the public transport sector are often proposed by CEN/CENELEC working groups
dominated by the major national railway companies. This leads to the fact that the norms are often
not completely applicable to light rail, but should be used there. This project will propose a way out
of this dilemma focusing clearly on the economic impacts.

2.2.3.3 Potential benefits

LibeRTiN proposes to launch a research project which deals with the question whether the Light
Rail sector faces undue restrictions against some of its main competitors.

As Light Rail is generally covered by very demanding standards for the heavy rail sector, while
buses only have to comply with the relatively “easier” standards for road vehicles the question
should be asked whether this restricts the competitiveness of the Light Rail mode versus other
forms of public transport.

2.2.3.4 Challenges

A condition for a success study is a proper access to the various road and rail legislation existing at
the EU or national level. The LibeRTIiN project proved that the collection of such data is very
difficult.

2.2.3.5 Proposed actions

The project should collect and compare existing regulations in Europe, baring in mind such
guestions as:

* Why should buses and Light Rail vehicles be generally treated differently
» s it sensible to cover Light Rail within norms that deal with heavy rail systems

On the basis of the results of the analysis, the study would produce recommendations which would
allow to lower the cost of new LRT systems without adverse effects for the passengers.

2.2.3.6 Way forward and proposed instrument

Include this area in a separate action follow-up project, e.g. CA. Approximate budget estimation
would be 1 Mio €

Masterplan_Future_Research_v16.doc www.libertin.info page 17



LibeRTiN

Masterplan Future Research LIGHT, RATL THEMATIC NETWORK

2.2.3.7 Priority level
Medium/High

2.2.4 Harmonisation of Tendering Documents

2.2.4.1 Issues and objectives

The LibeRTin project covered a topic called “Tendering Process” which intended to review the
tendering processes used to procure light Rail systems across Europe with the following
objectives:

» Simplify the Tendering Process

* Reduce the development period of LRT schemes

* Reduce Tendering Costs for the promoter and the applicants
e Ensure the process “gets the scheme right”

Although not one of the original topics reviewed in Phase 1 of LibeRTiN the process was identified
as critical to the success of schemes, impacting on all the other topics under consideration. As a
result of an intensive work, and after the “screening process” involving UNIFE and the
manufacturers as well as UITP and the operators, the project ended up with recommendations for
the adoption through the European railway associations, of a document which could be used as a
voluntary reference for technical specifications addressing the procurement of vehicles or sub-
systems.

This document provides a technical frame, the usefulness of which is depending on the availability
of additional information regarding detailed regulations applying to sub-systems and components in
the various European countries. These regulations can have been adopted either at the European
level or at the Member State national or even regional level.

The objective of the proposed action is to validate the technical specification structure and to
perform the relevant data (existing standards and regulations) collection and analysis in order to
produce a comprehensive up-to-date reference document. For the vehicle part, discussion of a
joint manufacturers-operators WG of UITP has revealed that this reference document would also
propose a harmonised tender structure with commonly agreed system/sub-system and component
description breakdown. A certain level of commonly agreed commercial practice (warranty,
provisions for deadline respects etc.) should also be searched, as was done in the bus sector.

2.2.4.2 Current State of the Art

There are currently different approaches to the tendering of light rail systems in each Member
State and in most cases even within each Member State, and one can say that each tender is a
specific case. Some tenders address the complete light rail system, others each part separately
(vehicles, civil works, equipment, ...), including also from time to time the maintenance over a
given period or even the life cycle. In some cases, the tender covers the procurement of new
systems as well as their operation, and in some cases the “operation” part of the contract covers
not only the new light rail system but also the road-based urban public transport system
reorganised as a feeder and complementary system to the light rail one. While these differences
can be fully accepted due to the variety of the local background, the use of a common frame
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(breakdown of technical specifications) in the procurement documents could allow to reduce the
time frame of tenders as well as the cost of the preparation of proposals.

2.2.4.3 Potential benefits

The proposed approach is to verify and validate the technical specification breakdown, and most
importantly to cross reference International and national standards and legislation applicable to the
light rail system procurement, highlighting agreed derogation from the standards. The resulting
documents would also enable the interfaces between infrastructure, vehicles and operations to be
better managed. The resulting benefits would be:

* Shorter preparation and response times,

» Facilitated competition, especially for sub-systems and constituents, once common interfaces
referred to in the procurement document have been defined for LRT systems, thanks to an
increased interchangeability. However, the definition of “common prescriptions” is out of the
scope of this action,

* Process costs reduced, and split of responsibilities between contract partners clarified.

Suppliers have highlighted that simpler standardised documents would reduce their tendering
costs significantly and ensure compliant proposals.

2.2.4.4 Challenges

The main obstacles to be overcome are on the one hand the variety of languages used in the
European Union, as regard national and regional standards and regulations, and on the other hand
the difficulty to have access to harmonised information at the European level. As an example, any
European standard, even prepared with the financial support of the European Commission, must
be purchased, and this by any responsible entity intending to design a light rail system. In addition,
this can be done only through the relevant national channels. All the process of data collection , so
as to be able to analyse the existing standards relevance to the light rail sector, requires a lot of
time and financial efforts. This did not allow to review adequately this legislation within the
LibeRTiN timeframe and budget constraints.

2.2.45 Proposed actions
» Confirm the technical specification structure to be agreed between stakeholders

» Develop a light rail specification reference document presenting a list of light rail sub-systems
and constituents with the relevant international and national standards and legislation
applicable to each of them.

* Investigate the feasibility and acceptance of a minimum level of harmonisation of the
commercial contractual provisions (at least for rolling stock purchase, as was achieved in the
bus sector)

2.2.4.6 Way forward and proposed instrument

Include this area in a separate action follow-up project, e.g. SSA. Approximate budget estimation
would be 2 Mio € at least
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2.2.4.7  Priority level
High

2.2.5 Economic impacts EMC

2.25.1 Issues and objectives

The main standards associated with EMC for LRV have been identified as EN50121, EN50122,
EN50238 & prEN50162.

EN50121 provides a full coverage of the interference mechanisms and victim circuits as applied to
railways however at present it is being revised to better specify the needs for LRV applications.
The major omissions of this suite of standards are the lack of transient limits to third party services
and the lack of levels for low frequency magnetic fields. The standard needs to be reviewed in
order to evaluate whether specific LRV levels should be added e.g. limits applicable to road/rail
mixed environments. The TC9X committee recognise these areas and have a task programme to
review and address the issues were applicable.

EN50238 standard does not cover, nor is it practicable to cover, the process by which compatibility
between train and detection systems are assured due to the great diversity of rolling stock, power
supply and return current systems. The standard is being reviewed by CENELEC to specify other
signalling system limits but this will not cover LRV systems for the foreseeable future. It does
however provide good general rules and processes for determining the maximum levels of
interference allowed.

EN50122 & prEN50162 provide detailed examination of the effects of stray currents on rise of
earth potential and corrosion. The guidance provided in these documents can be applied to LRV
systems.

The view of the EMC experts is that despite these standards there are areas that are too location
specific to enable a definitive standard to cover all eventualities e.g. case studies for upgrading
signalling systems versus increased cost of vehicle onboard filtering etc. The experts agree that a
code of best practices that provides indications / scenarios can provide compatibility and lowest full
life-cycle cost.

The ultimate aim would be that such a document would become a guidance note of the EN50121
suite of documents. A draft Code of Practice for LRV has been issued within the LibeRTIiN
consortium but requires further input from industry and editing work.
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2.2.5.2 Current State of the Art

LibeRTiN showed, that this is a very complicated subject and that not many experts are available
both within the industry and the operators. However, if it is not dealt with correctly, high additional
costs can be expected. Therefore good guidelines understandable to the “non-expert” need to be
issued to avoid these costs.

2.2.5.3 Potential benefits

It is expected that some cost reductions in the area of vehicle design could be achieved due to the
fact that the industry will have a more comprehensive specification to assure compliance with EMC
requirements. It is also expected that standard modules used for ancillary equipment can be used,
as the apportionment of harmonic levels per module will be better understood.

Some additional benefits can be expected from more definitive specification and thus from a better
opportunity to apply a “get it right first time” approach. This will decrease the delay before putting
the vehicle into service and/or avoid the risk of additional cost due to significant safety analysis
post commissioning.

2.25.4 Challenges

Due to the plethora of vehicle systems, associated ancillary components, fixed equipment,
signalling systems, train detection systems across Europe, it is not possible to specify a single
coherent set of documents that will satisfy 100% of all applications, which represents an obstacle
to the internal market for LRV systems.

The challenge is to provide sufficient and adequate documents to enable suppliers to establish on
a fair and equitable basis what is necessary to achieve compliance at the lowest cost.

It is believed that the EN50121 and associated standards provide a good framework upon which to
review and revise, to include changes to accommodate LRV systems. This process is well
established and revision of EN50121 is already underway with the TC9X working group.

There are, however, some areas that are not ideally suited to such standards and which are best
dealt with by guidelines or codes of practice that provide guidance to designers and implementers
alike to predict the work required to assure compliance, even at the tender stage.

2.25.5 Proposed actions

It is considered that to remove ambiguities, especially in those areas were consensus cannot be
agreed between differing tramway and LRV system organisations, a code of practice or guidelines
should be produced in co-operation with TC9X and experts from the light rail industry representing
manufacturers across Europe.

2.25.6 Way forward and proposed instrument

Include this area in a separate action follow-up project, e.g. CA. Approximate budget estimation
would be 1 Mio €

2.25.7 Priority level

Low
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2.2.6 Tram modernisation

2.2.6.1 Issue and objective

Despite their positive economic, social and ecological contribution to urban life, tramways in new
member states, CEECs and former USSR have been suffering in the last 15 years. Research and
knowledge transfer should help to maintain and modernise tram systems. Doing nothing will
irremediably lead to systems being closed down, as many were in Western countries in the 50s
and 60s...Realising their errors two to three decades later, city planners and decision makers had
to re-introduce light rail at significantly higher costs, never achieving the high system density, which
existed before.

2.2.6.2 Current State-of-the-art

There are 33 tramway systems in the new EU Member States, a further 19 in the remaining
Central and Eastern European countries (CEECs), and over 110 in the Commonwealth of
Independent States (CIS). For 15 years, trams in these countries have been strongly challenged by
the twin issue of ageing assets and the growth of private car. Funding shortages have lead to
modernisation programmes being postponed or left overdue. system closures are not excluded in
some Central and Eastern European (CEEC) cities.

2.2.6.3 Potential benefits

Tramways are not out-of-date and are no obstacle to mobility. The many new systems established
in recent years prove that existing tram systems are a solid basis for development and long-term
system efficiency, including in historic centres and pedestrian zones.

Trams offer sustainable transport options; even if they are not new, trams are energy-efficient and
environmentally-friendly and contribute to clean air in the cities.

The aim was to raise awareness among decision-makers in those countries of the value of these
municipal assets to provide excellent transport and urban development policies in their cities, and
to help

An extremely high number of cities in the “eastern countries” are equipped with a sheer tramway
network, which is dense and has a remarkably high degree of interconnectivity Despite the growing
attractiveness of private cars, public transport still enjoys high modal split, and this market share
should be at least maintained at its current level.
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2.2.6.4 Challenges

In addition to the lack of available funding, the main obstacles for tram modernisation are :
* Unclear institutional and regulatory structures
* Inadequate management framework and corporate organisation
« Insufficient political will and reform-minded support
* Obsolescence and high maintenance costs due to lack of investments
» Lack of segregation from individual traffic, and of traffic light pre-emption

+ Revenue losses due to inherited tariff rules and social fares

2.2.6.5 Proposed actions
» Raise awareness among decision-makers of the importance to modernise tram systems
» ldentify best practice in affordable system modernisation

» Bring support to the transfer of experience in the field of networks modernisation

2.2.6.6 Way forward and proposed instrument

Include this area in a separate action follow-up project, e.g. CA. Approximate budget estimation
would be 2 Mio €.

2.2.6.7 Priority
High

2.2.7 Efficient planning and project management

2.2.7.1 Issue and objective

Even in the various EC countries there is a wide range of variety in the national, regional or local
procedures that have to be followed to obtain the necessary legal planning and other powers to
build a new or extend an existing light rail system.

Similarly, there are numerous ways of obtaining the necessary funding and in the contractual
requirements and constraints that may be imposed by the principal funding body as a condition of
funding.

Wherever any or all of these required procedures are unduly onerous or protracted they will not
only increase the total time and costs from initial concept and studies to final opening, but could
even deter promoters from commissioning the necessary and expensive specialist team to
undertake all the numerous and diverse tasks of planning, design and project management and
other associated tasks in order to obtain the appropriate powers and finance.
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2.2.7.2 Potential benefits

An objective study could investigate the principal factors, procedures and practices in various
countries, including those already possessing long established or new systems, or planning their
first light rail system, in order to analyse and recommend the best practice in each area. This could
significantly help to reduce the time and cost of implementing new systems, and so contribute to
the overall aim of increasing the number of new and viable light rail systems.

2.2.7.3 Challenges

The difficulties of making valid international comparisons of complex projects are well known,
particularly because of the diversities of national practices and evaluation criteria and processes,
and should not be underestimated. However, the potential gains could well justify undertaking this
challenge.

2.2.7.4 Proposed actions

Develop a detailed proposal to identify and study the development procedures, time and costs of
the various phases of a selected diverse range of relatively new systems based on the following
existing principles;-

» the four principal stages of a planning and developing a new system outlined in UITP
Guidelines Level 1 (initial review and studies, developing preferred system, detailed
development, project implementation and completion);

e summarise and compare the planning, legal and funding procedures and constraints, the
national or regional or local levels and powers to authorise or withhold approval, and particular
problem areas causing delay and /or extra costs;

e compare the project management organisations, the types of contract, the sources of funding
by national and regional funding bodies, and the conditions imposed in granting funding;

» analyse the total costs of all the main elements, not just the costs of the main contracts, e.g. as
shown in the attached breakdown for the South Yorkshire Supertram;

» Compare the actual outturn costs, patronage and actual system performance with the initial
predictions on which the system was authorised;

« recommend guidelines for best practice that could be adopted within the European Union.

2.2.7.5 Way forward and proposed instrument

Include this area in a separate action follow-up project, e.g. SSA. Approximate budget estimation
would be 1 Mio €

2.2.7.6 Priority

Medium
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2.3 Technical Harmonisation Cluster
2.3.1 Light rail structural loadings for bridges

2.3.1.1 Issues and objectives

Light Rail structural loadings for bridges are different from city to city in Europe. Giving
consideration to the high cost of civil works, and to the risk of inadequate applications for various
types of light rail, there is room for some kind of harmonisation in order to overcome these
obstacles.

2.3.1.2 Current State of the Art

There is at present no common approach to the calculation method for structural loadings for
bridges. Different ways are applied in each member state. At least the calculation method should
be harmonised to achieve greater comparability and interchangeability in the long term.

2.3.1.3 Potential benefits

Would the Light Rail structural loadings for bridges be harmonised, the operation of one light rail
vehicle in different cities would be facilitated, with the relevant benefits.

2.3.1.4 Challenges

The current approaches in the EU and even within individual countries vary considerably. The
time-frame for such a harmonisation will be rather long.

2.3.1.5 Proposed actions
» Survey of vehicle and maintenance machinery currently in use and in future production

» Assessment, which loads should be used for a common European proposal (to avoid making
all systems more expensive due to some excessively heavy vehicles

* Propose one European calculation and design method (with respect to loading calculation) for
bridges as a reference

2.3.1.6 Way forward and proposed instrument

Include this area in a separate action follow-up project, e.g. STREP. Approximate budget
estimation would be 1 Mio €

2.3.1.7 Priority level

Medium
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2.3.2 Dynamic Loading for Light Rail Vehicles (Update of EN 12663)

2.3.2.1 Issues and objectives

Loading on a dynamic system such as a Light Rail vehicle depends heavily on influences such as
acceleration and deceleration rather than being a static number. Therefore any static value
assigned to the loading parameters for vehicle design and construction has to be raised to make
sure dynamic effects can be compensated.

At the same time, maximum loads only occur during a small fraction of a vehicles operational
hours.

The LibeRTIN research suggests that suppliers and operators do not consider the horizontal or
vertical dynamic loads exerted by light rail vehicles on the track. Dynamic loads are important to
heavy rail, and with increasing speeds and axle loads it may become more important to consider
them in the light rail context. The project could seek to establish the maximum dynamic load
exerted by the modular vehicle designs, and how this depends on factors such as speed, curvature
and track irregularities.

The benefit of doing so would be to set a maximum dynamic load envelope for modular vehicle
designs, and therefore to give an understanding of whether track design is optimum for the loads it
will have to bear. However, before undertaking significant work the research should attempt to
establish whether there would be any benefit from doing so.

It may therefore be sensible to replace the current static values in EN 12663 with dynamic
calculations. Such a project is already under way for heavy rail systems. It will measure and model
the dynamic loads on vehicles during representative running cycles. However, with the recent
problems of light rail manufacturers in mind, it should first be established whether a dynamic
loading value would be sensible for the light rail sector.

As EN 12663 will cover both heavy and light rail, it will be even more important to make sure that
dynamic calculations can be used for light rail. Otherwise, as it happened in many cases in the
past, a “heavy rail” standard will have to be applied for light rail.

2.3.2.2 Current State of the Art

Currently, loading parameters are calculated in a static way, assuming loads which would be
carried throughout the lifetime of a vehicle. The project should determine, whether a calculation
method more closely related to the actual loading characteristics throughout the vehicle life would
lead to better results and whether it could actually be applied to light rail vehicles, where system
characteristics differ greatly from city to city. Also, this research project will have to ensure that the
light rail sector is adequately covered during the preparation of the update of EN 12663.

2.3.2.3 Potential benefits

Potentially, the required structural strength could be lowered and thus vehicle cost reduced, if
dynamic loads could be assumed. On the other hand, if this project determines that dynamic loads
are not applicable to light rail, unnecessary cost to implement an “unfit” standard in the light rail
sector will be saved.
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2.3.2.4 Challenges

Considering recent developments where vehicle structures have proven not to be able to withstand
a whole vehicle life of loading and unloading cycles, it is hard to imagine that the assumed loading
values could actually be reduced any further.

Therefore one of the main aims of this research activity has to be the analysis, whether dynamic
loads are actually similar enough across different systems to be harmonised in a standard. If this is
not the case, the static approach should be proposed for further use on light rail vehicles within EN
12663.

The overlap of this topic with the currently ongoing work on the topic “dynamic gauging envelope
for light rail vehicles” needs to be assessed and duplication of work avoided.

2.3.2.5 Proposed actions
» Study on dynamic loading cycles across a group of representative light rail systems in Europe

» Determination, whether the results of this study would actually allow to propose the use of
dynamic loads for light rail vehicles

* Assessment of the potential economic benefits of such an approach

2.3.2.6 Way forward and proposed instrument

Include this area in a separate action follow-up project, e.g. STREP. Approximate budget
estimation would be 3 Mio €

2.3.2.7 Priority level
High

2.3.3 Light rail gauging envelope classes for Europe

2.3.3.1 Issues and objectives

The standard “Gauge” under definition will integrate all the parameters used around Europe for
gauging calculation and all vehicles architectures running or about to run. This standard should be
considered as the first step of a process aiming to define a way to standardise the gauge envelope
of light rail vehicles in Europe. Such efforts are to be seen in the long run, but should be started as
soon as possible. In this way, new systems can be designed according to these categories, and
existing systems can embark on a long-term strategy to comply with the new categories whenever
track work are performed on sections of the network. With a very strict application of this, it is
hoped that the new categories are found across all Europe with a few decades.

2.3.3.2 Current State of the Art

Each European city with light rail operations has its own gauging envelope today. This leads to
different vehicle concepts for each city.
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2.3.3.3 Potential benefits

» Massive reductions of costs studies by manufacturers to ensure compatibility of tram in a new
network.

* Improvement of equality in competitors due to same gauge / full insurance of compatibility
involving massive costs reductions due to saved time in tender answering process.

2.3.3.4 Challenges

The main challenge is to define adequate solutions suitable to European light rail vehicles
manufacturers for minimising development/design costs thanks to harmonising the gauge.

2.3.3.5 Proposed actions

To achieve this goal the first step of the future research would be to identify critical parameters that
could be applied in any calculation process (each manufacturer, each engineering company
somehow have it's own method). The first draft version of the standard will be available early 2005.

Second step would be to investigate and analyse all the different kind of vehicles (high floor, full
low floor, partial low floor, bogie types, suspended car or not, ...) included in the standard and to
define the most representatives and their specific criteria. This could be achieved through an
analysis of the existing variety of networks over Europe, followed by a discussion with
manufacturers and operators.

Finally, according to the chosen vehicles, and to the basic representative criteria, the last step
would to define recommendations for compatibility classes of gauge envelopes (Ideally 2, 3 more
realistically). The classes would be defined parameters having a direct impact on the vehicle
architecture such as :

» Dynamic envelope on straight track,
* Dynamic envelope in curves,
* Hogs and sags,

*  Minimum horizontal radius,

These recommendations would be presented to UNIFE and UITP for approval and dissemination.
The opportunity of setting up standards would be checked against the pros and cons of such a
standardisation.

2.3.3.6 Way forward and proposed instrument

Include this area in a separate action follow-up project, e.g. CA. Approximate budget estimation
would be 2.5 Mio €

2.3.3.7 Priority level
High
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2.3.4 Standardised HVAC interfaces

2.3.4.1 Issues and objectives

The research topic “Standardised HVAC interfaces” dealt with modularity aspects of modern light
rail vehicles, as far as heating, ventilation and air conditioning equipment are concerned. The
LibeRTIN project allowed to put together for the first time most of the supplying industry
representatives in this area as well as representatives of the operators. They agreed that they
could co-operate together and the topic group produced a first set of recommendations that are the
basis for further development (particularisation) of standardised HVAC interfaces. The objective of
further activities should focus on continuation of the very prospective path token so far. In the end
an European wide accepted standard interface for HVAC systems should be developed. An
optimum would be achieved, if a prototype of this interface could be designed and built.

2.3.4.2 Current state-of-the-art

LibeRTiN allowed to create a critical mass of stakeholders in the HVAC area for light rail and
provided the first ever common recommendations from the industry. The established expert group
consists of many subsystem suppliers and vehicle manufacturers. Even members of the CEN
working group 8 defining the prEN 14750 were part of the group and a very constructive and
results-oriented working atmosphere could be established that contributed to the consensus
building process.

2.3.4.3 Potential benefits

Through common interfaces and a classification of equipment into a limited number of categories,
replacing the current uncontrolled diversity of equipment, substantial savings could be expected in
investment and operating costs. The results of this work would be the break through on the way of
developing standardised, more economic and reliable HVAC systems supporting the aspect of
modularisation in the LRV market. So the problematic project specific design of individual systems
could be avoided and the identified potential 15% reduction of cost be utilised.

2.3.4.4 Challenges

The great challenge of this proposal is to properly take advantage of the existence of the group to
build up further recommendations, and to guarantee the wide acceptance of the interface definition
by the whole LRV market as many different interests are concerned.

2.3.45 Proposed actions
The following activity plan is proposed :

- intensified involvement of the vehicle manufacturers that have been less active during
Libertin (Alstom, CAF, AnsaldoBreda)

- inviting additional subsystem suppliers to the working group such as e.g. Noe, Thermoking,
Merak et al.

- particularisation of the technical work (detailed HVAC system layout, electrical concept etc.)
- establishing a new standardisation initiative in parallel

- design and building of a prototype
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- establish a link to the MODURBAN EC project that works on HVAC issues, dealing in this
area mostly on metros (mainly energy considerations), and develop as a separate action
functional and technical recommendations for light rail.

2.3.4.6 Way forward and proposed instrument

Include this area in a separate action follow-up project, e.g. STREP, developed in parallel to EC-
project “Modurban”. Approximate budget estimation would be 3 Mio €

2.3.4.7  Priority level
High

2.3.5 Maintenance Management

2.3.5.1 Issue and objective

The UITP Light Rail Committee expressed the concern that maintenance regimes prescribed by
manufacturers (and varying also due to national/regional/local variation of the regulatory framework
for safety issues) are often not optimised, and significant resources are used unnecessarily for
routine checks and inspections not always technically justified, but contractually mandatory. Such a
situation is deemed unnecessary and costly.

2.3.5.2 Current State-of-the-art

Vehicles have to be accepted separately for each country and even each city, and
inspection/maintenance regimes have a tendency to be over-specified by manufacturers “to be on
the safe side” especially in the commissioning and warranty period. Specific inquiries have
demonstrated that large savings (15-20 %) can be expected from streamlined maintenance
regimes.

2.3.5.3 Potential benefits

Immense cost savings for manufacturers and operators could be realised from this LCC
optimisation, which in turn will impact on the authority budget and ultimately alleviate pressure on
taxpayer. (Manufacturers would not be confronted any more with diverse national requirements,
could further standardise their products and their tendering and project individual engineering cost
would be reduced.)

Operators would benefit from the then possible product optimised maintenance regimes and
eventually from reduced Life Cycle Costs.

2.3.5.4 Challenges

To realise the expected benefits a close co-operation between operators, manufacturers and their
subsystem suppliers would have to be established. In the past this was difficult to realise even
if promoted on high level management and supported by UNIFE/UITP. In addition lobbying at the
most relevant Acceptance Bodies for a harmonised/optimised maintenance philosophy would have
to be driven by future involved parties.
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2.3.5.5 Proposed actions

First the benefits should be quantified and the possible difficulties analysed to obtain the necessary
information if further activities are as prospective as assumed by the UITP-LRC members at the
moment.

2.3.5.6 Way forward and proposed instrument

Include this area in a separate action follow-up project, e.g. CA. Approximate budget estimation
would be 2.5 Mio €

2.3.5.7 Priority

Medium

2.3.6 Specification measurements for track and ride quality

2.3.6.1 Issues and objectives

A research project is suggested which would identify best practice in the specification and
measurement of track quality and ride comfort for light rail, including how it relates to curvature and
speed. Heavy rail practice may be considered, but the results must be applicable to street
tramway and other light rail networks. The aim of the project would be to define recommendations
for the harmonised measurement of these parameters, and preferably also a set of limits which is
appropriate to light rail and could be adopted by all networks. One of the main benefits of this
projects would be a mutually recognised way of indicating what quality the track on a certain
network has. This would mean that manufacturers then have a clear idea on what kind of system a
future vehicle would have to operate. This added transparency would reduce tendering cost and
improve security on both the operators’ and manufacturers’ sides.

2.3.6.2 Current State of the Art

Discussions with suppliers and operators suggest that while some tenders specify the ride comfort
to be achieved by new vehicles, the limits set are often inappropriate for the light rail environment,
and few specify the quality of the track on which they must be attained. Even if the supplier was to
measure the track quality during the bid process (which would involve significant expense),
deterioration could occur before the vehicles were delivered.

Most light rail networks rely on the judgement of experienced staff to identify sections of track
where repairs are required. However, when new vehicles are introduced or operating speeds are
increased, defects which were previously acceptable could lead to poor ride comfort or even
derailment risks. In addition, when track maintenance is contracted out, it is necessary to specify
and measure the required track quality in order to assess the performance of the contractor. Poor
track quality can also be one of the factors leading to excessive noise.

At the time of writing this Masterplan, an effort was underway by Siemens TS and the owners of
Combino rolling stock to set up such track specifications for the first time. While this will only be
done for a limited number of systems, it should be assessed whether this could be a starting point
for this project.
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2.3.6.3 Potential benefits

* A common method of specification simplifies and reduces the costs of vehicle procurement for
purchaser and supplier.

* Track quality measurement provides a consistent input to vehicle design and reduces
contractual disputes.

» Track quality measurement facilitates contracting out of track maintenance, with potential cost
savings and quality improvements.

* A common set of limits across all networks would spread best practice and maximise the
interoperability of modular vehicle designs.

* A common set of limits would also minimise noise problems.

2.3.6.4 Challenges

» It is unclear whether sufficient experience exists to allow best practice to be identified without
impeding future technological development.

» If requirements are set inappropriately high, costs will be increased.

2.3.6.5 Proposed actions

Initiate the best practice part of the programme, followed by a breakpoint where it can be decided
up to which level of common recommendation it is appropriate to proceed.

Assess the work already done for the Combino “user-group” and discuss, whether this can be a
valuable starting point.

2.3.6.6 Way forward and proposed instrument

Include this area in bid for call 3B of FP6. Approximate budget estimation would be 1 Mio €

2.3.6.7 Priority level
High

2.3.7 Reliable detection of low-floor with independent wheels by signalling track
circuits

2.3.7.1 Issues and objectives

Many recent types of low-floor light rail vehicles do not have conventional bogies, but are equipped
with independent, and sometimes individually motorised, wheels. Often, these vehicles are running
in tunnels that are equipped with signalling. As there are no physical axles, detection of these
vehicles by conventional track circuits is difficult or not reliable.

Masterplan_Future_Research_v16.doc www.libertin.info page 32



LibeRTiN

Masterplan Future Research LIGHT, RATL THEMATIC NETWORK

2.3.7.2 Current State of the Art

The new generation of single wheel low floor vehicles has problems in dealing with some track
circuit systems. The reasons for these problems should be identified and remedial measures (to
vehicles and / or track circuits) proposed.

2.3.7.3 Potential benefits

The results of the survey could be of great interest to all operators having vehicles of this
description and wanting to operate them on sections equipped with signalling.

2.3.7.4 Challenges

The wide range of different types of signalling equipment used by light rail operators may make it
difficult to propose a common solution for all these systems.

2.3.7.5 Proposed actions

» Survey of possible devices or systems to improve shunting of the rails and, in consequence,
ensure a better detection by the track circuits (with respective advantages and drawbacks of
these systems); reliability and safety of these systems

» Alternative methods and means for detection (not based on track circuits: e.g. axle counters,
but there must be other systems as well); reliability and safety of these systems

2.3.7.6  Way forward and proposed instrument

Include this area in a separate action follow-up project, e.g. STREP. Approximate budget
estimation would be 2 Mio €

2.3.7.7 Priority level
High

2.3.8 Tram-train

2.3.8.1 Issues and objectives

The optimism for new tramtrain systems which was imminent at the end of the nineties (fostered by
the success of the Karlsruhe system) in the meantime turned into pessimism. Various technical,
organisational, political but also administrative reasons can be mentioned as reasons for this
change.

Nevertheless, nobody denies the great advantages of tramtrain-systems: Intelligent use of existing
(often old and unused) infrastructure, a combination of systems in favour of seamless transport
and cost effectiveness are only a few of these advantages which could be mentioned here.

This project should propose concrete solutions to overcome the above mentioned barriers and
should consider two exemplary systems in which this approach can be “tested”.
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2.3.8.2 Current State-of-the-art

In the EU-research project CROSSRAIL (5" framework programme, 2000-2001, DG Tren)
tramtrain including cross-border projects were already investigated. At the end of that project
several interesting cross-border cases (mainly between Germany and France) including the
associated problems, potentials and challenges had been identified, but still today, none of these
projects was realised. Also many other national tramtrain schemes have not been able to solve
outstanding problems and have not been realised.

2.3.8.3 Potential benefits

Successful rail-bound public transport contributes to economic growth not only in medium-sized
cities “from the region into the heart of the city” but also in cross-border areas or as tangential
operations in larger cities (suburb to suburb lines are a strategic and growth market for which PY
has generally been historically poorly designed). Especially in cross-border cases historical
barriers can be overcome but also the social and cultural exchange will be fostered. For the vehicle
manufacturers the tramtrain-market gets more attractive if more schemes will be put forward.

2.3.8.4 Challenges

Technical barriers can be clearly examined and the cost to overcome these can be determined.
But organisational, political and administrative barriers are very difficult to deal with. This is the
great challenge within the two schemes which will be investigated in more detail. A major effort
should be made to analyse these challenges and propose ways on how these can be overcome.

2.3.8.,5 Proposed actions

Before the project (during the proposal phase) the two most advanced cases should be identified
including all key-players in this area. The two most advanced cases could be chosen from the
following examples: Saar-Lohr-Lux, Karlsruhe — Strasbourg, Mulhouse — Freiburg or Dresden —
Liberec.

For both cases a vision how to overcome all barriers (based on the Crossrail results and findings)
must be identified. In the project both areas will try to solve the problems within a given schedule;
solutions and problems in both areas must be regularly discussed with each other to transfer know
how and to speed-up the process.

2.3.8.6 Way forward and proposed instrument

Include this area in a separate action follow-up project, e.g. STREP. Approximate budget
estimation would be 2.5 Mio €

2.3.8.7  Priority
High
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2.4 Environment Cluster
24.1 Ground-borne vibrations and noise

2.4.1.1 Issues and objectives

Based on the experts discussions, LibeRTIiN has rated the problems of ground-borne vibrations
and noise in connection with Light Rail very high.

Therefore a thorough questionnaire was made and circulated in order to collect the experience
from experts, suppliers and operators. The questionnaire was worked out according to the
parameter list of ISO 14387-1 “Mechanical vibration — Ground-borne noise and vibration arising
from rail systems — Part 1: General guidance” which holds a list of possible parameters relevant for
ground—borne vibrations and noise. The idea was to collect experience on the influence range of
parameters relevant for Light Rails.

Unfortunately, the efforts were not conclusive.

However, the experts of LibeRTiN consider this a very important topic for the future and
recommend that the ongoing 1SO work in this area (ISO 14837 part 1-6) put special attention on
Light Rail Systems — specifically when the influence range of the parameters are evaluated.

2.4.1.2 Current State of the Art

Ground-borne noise has been evaluated by a questionnaire as part of LibeRTiN. Unfortunately, the
guestionnaire was not successful, with a very limited number of answers. It was concluded that
very few people at the moment have the necessary knowledge and experience to estimate the
influence of each parameter. In other words, this is too complex a problem and further research is
needed in this area.

2.4.1.3 Potential benefits

If, for the future, one will be able to minimize annoyance from ground-borne vibrations and noise of
Light Rails it will be possible to run very close to residential areas without annoying the neighbours.

This will give further opportunities in the designing of new systems and upgrading old ones.

2.4.1.4 Challenges

One challenge is to go through the parameter list of ISO 14837-1 (A.2) and to extract what is most
relevant for Light Rail Systems. Another challenge is the problem of getting hold of existing
experience.

2.4.1.5 Proposed actions

» Get in touch with suppliers, train manufactures, operators and consultancies to collect existing
data.

e Search for computational methods /models to establish parameter influence

e Study the individual parameters according to ISO 14837 and sort out the relevant parameters
for Light rails.

e Set up standards for documentation

Masterplan_Future_Research_v16.doc www.libertin.info page 35



LibeRTiN

Masterplan Future Research LIGHT, RATL THEMATIC NETWORK

2.4.1.6 Way forward and proposed instrument

Wait for (intermediate) results of approved projects (SILENCE/Q Cities?) and assess the
advancement and necessity for further actions

2.4.1.7 Priority level

Medium

2.4.2 Eco-procurement and eco-operation of light rail

2.4.2.1 Issues and objectives

The proposal is to elaborate an Environmental Guideline proposing criteria on the environmental
impact of the procurement and operation of Light Rail vehicles as assistance in the procurement of
rolling stock to enhance the process for both setting up invitations to tender and evaluating tenders
with regard to their environmental performance. Indeed, the most relevant environmental areas for
railwvays at the moment are Energy Efficiency, Noise and Exhaust Emissions, and the
environmental area of Materials/Recycling/Waste has also become a priority over the last decade.
In keeping with the precautionary principle the aspect “Electromagnetic fields” could also be
integrated into such an Environmental Guideline.

2.4.2.2 Current state-of-the-art

Numerous Directives and Decisions have been adopted by the European Union related to the
protection of environment3. However, there is currently no specific EU regulation related to Eco-
procurement of rail systems. The only initiatives which have been developed at the European level
are some European Research projects addressing the specific issue of Eco-procurement of
Conventional Rail vehicles (PROSPER and REPID).

2.4.2.3 Potential benefits

The guideline would aim at user groups within the light rail industry who are involved in the
procurement of new rolling stock, but who are not directly concerned with environmental aspects.

® Council Directive 67/548/EEC relating to the classification, packaging and labelling of dangerous

substances; Council Directive 75/442/EEC on waste, modified by Directive 91/156/EEC and Decision
94/3/EC; Council Directive 76/769/EEC relating to restrictions on the marketing and use of certain dangerous
substances and preparations; Council Directive 85/337/EEC on the assessment of the effects of certain
public and private projects on the environment; Council Directive 91/689/EEC on hazardous waste, modified
by Decision 94/904/EC; Council Directive 93/12/EEC relating to the sulphur content of certain liquid fuels,
modified by Directive 98/70/EC; Council Directive 96/35/EC on the appointment and vocational qualification
of safety advisers for the transport of dangerous goods by road, rail and inland waterway, modified by
Directive 2000/18/EC; Directive 97/68/EC on the approximation of the laws of the Member States relating to
measures against the emission of gaseous and particulate pollutants from internal combustion engines to be
installed in non-road mobile machinery, modified by Directive 2004/26/EC; Directive 2000/53/EC on end-of
life vehicles - Commission Statements; Directive 2002/95/EC on the restriction of the use of certain
hazardous substances in electrical and electronic equipment; Directive 2002/96/EC of on waste electrical
and electronic equipment (WEEE) - Joint declaration of the European Parliament, the Council and the
Commission relating to Article 9; Communication COM(2003) 301 from the Commission: Towards a
thematic strategy on the prevention and recycling of waste.

Masterplan_Future_Research_v16.doc www.libertin.info page 36



LibeRTiN

Masterplan Future Research LIGHT, RATL THEMATIC NETWORK

The document would help the user :

e to give a higher priority to environmental aspects for light rail
e to integrate environmental specifications in invitations to tender in a consistent way and
e to evaluate tenders in terms of environmental aspects.

The complex interaction between environmental and economic performance of rolling stock is of
vital interest for railways. Although the guideline would mainly serve operators it could also be
useful for manufacturers in the supply chain (system integrators, system manufacturers, sub-
suppliers, etc.). The knowledge base built up in this process could be used by manufacturers to
design and provide rolling stock with enhanced environmental performance at reasonable costs
and for operators to support the procurement process and especially the evaluation of tenders.

2.4.2.4 Challenges

In order to ensure the competitive advantages of railways in comparison to other modes of
transport the improvement of the environmental performance has to be done in a highly cost
efficient way. The improvement of energy efficiency is believed to have clear benefits with respect
to LCC and is also one of the outstanding environmental aspects for all categories of railways. For
other topics, it should be taken into account that reaching lower noise and exhaust emission levels
than the legally mandatory ones leads to increasing LCC under current legislation and applying
current technologies. In a similar way, limiting electromagnetic fields in accordance with present
recommendations is believed to have no significant influence on operating costs but to slightly
increase investment costs. Ambivalent effects on LCC have been noted for improving the
environmental performance in the materials/recycling/waste area. There seems often to be a trade-
off between higher investment costs and lower end-of-life and sometimes also maintenance costs.

2.4.25 Proposed actions

The focus of the work would be to co-ordinate a set of qualitative environmental specifications that
cover the key aspects that determine the environmental performance of railway operation. The
research project would consider the key areas of energy consumption, noise emissions, exhaust
emissions and materials/recycling and waste, as well as the environmental aspect of
electromagnetic fields. The methodology for the development of the “Environmental guideline”
would take advantage of the experience of the existing PROSPER and REPID project, for an
adaptation to the specific conditions and background of Light Rail. To identify the best solutions a
detailed assessment of the environmental and economic effects of the applicable technological
options would be carried out in close co-operation between manufacturers and operators. The
analysis of economic effects should not focus on initial investment costs only but be based on a
LCC-perspective and take into account future developments in the legal, political and technological
framework conditions.

2.4.2.6 Way forward and proposed instrument

Include this area in a separate action follow-up project, e.g. STREP. Approximate budget
estimation would be 2 Mio €
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2.4.2.7 Priority
Medium
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3 Conclusion

The research tasks indicated in the masterplan will need financial support. These are actions that
must be fully implemented to ensure the further development of LRT around the European Union
and beyond its borders. It is important that the European Commission pays special attention to
these tasks and ensure that they are achieved, thoroughly evaluated and can contribute to a sound
business for manufacturers, operators and the public.

The last column of the table below gives an rough estimation of the budget forecast for the various
actions identified. In the third column, the possibilities of existing funding instruments are
suggested. The second column provides a priority rating. The research topics are classified
according to their priority rating, not the cluster breakdown, as done in the description of the
research needs.
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TOPIC Priority | Instrument | Budget
(Mio €)
Performance analysis — promoting light rail systems in the | High SSA 1
urban environment
Tendering High SSA 2
Tram modernisation High CA 2
Tram-train High STREP 2.5
Dynamic Loading for Light Rail Vehicles High STREP 3
harmonised light rail gauging envelope classes for Europe High CA 2.5
HVAC interface and noise High STREP 3
Specification for measurement of track and ride quality High bid for call | 1
3B of FP6
Detection of axle-less LRVs High STREP 2
Economic impact of “railway type” regulation applied to LRT Medium/ | CA 1
High
Improving safety outside the LRV Medium | STREP 3
necessity of retractable couplings for all of Europe Medium | CA 1
Automatic Couplers Medium | STREP 2
Evacuation provision from tunnels Medium | CA 1
Efficient planning and project management Medium | SSA 1
Eco procurement for LRVs Medium | STREP 2
Light rail structural loadings for bridges Medium | STREP 1
Maintenance Management Medium | CA 2.5
Noise and vibration Medium | Na na
LRV Interior Passive Safety Low CA 1
Access Low CA na
Economic impacts EMC Low CA 1
TOTAL MASTERPLAN INDICATIVE FUNDING NEEDS (in Mio €) 35,5
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