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— Follow-up from 2024 reporting

A full impact assessment (FIA) provides a qualitative and quantitative analysis of the impacts of a change;
other |IAS outputs are: an impact note is a concise analysis that is added to a Recommendation or Opinion in
case the expected impacts are negligible or previously adequately assessed, and a light impact assessment
(LIA) provides a mostly qualitative analysis of the main impacts of a change. For details on the Agency IA
procedure and template see: DECISION n°290 of the Management Board of the European Union Agency for
Railways amending annex 1 of MB Decision n° 195 adopting the amended Agency’s Impact Assessment
Methodology | European Union Agency for Railways (europa.eu); DECISION n° 257 of the Management Board
of the European Union Agency for Railways adopting the annex 2 template for the impact assessment
methodology | European Union Agency for Railways (europa.eu).
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1. Context and problem definition

1.1. Problem and problem drivers

On 10 August 2023, a freight train derailed in the Gotthard base tunnel, caused by a broken wheel of type
BA 390. The accident led to damage of infrastructure, rolling stock and other aspects amounting to around
150 Mio. CHF (ca. 160 Mio. €). For the repair works, one tube of the Gotthard base tunnel had to be closed
for more than one year and subsequently the cross alpine traffic was tremendously disturbed. Additional
details about this accident are available in the accident investigation report prepared by the NIB CH and
published in June 20252,

In December 2023, the JNS launched a Normal Procedure (NP) following this accident with the objective
to restore/increase the safety level, ensure interoperability, and return to the previous cost base or lower.
Within this context, a JNS Task Force (JNS TF) was set up chaired by ERA and composed of European experts
coming from National Safety Authorities (NSAs) and of the Group of European Representative Bodies
(GRB), the associations made up of companies responsible for the design, construction, operation and
maintenance of the railway system. This JNS NP was completed in July 2024 putting forward a range of risk
control measures (RCMs) and available from Agency’s website3. Early 2025, the JNS Task Force re-worked
the July 2024 Final report. The Task Force did not change the content of the final report, but increased the
user-friendliness of Part Il, Chapter 1 “Risk control measures” through integration of a flowchart and
clarifications and further precisions.

Regarding broken wheels, two JNS procedures had already been completed (prior to the one launched in
2023):

e INS Urgent Procedure “Broken Wheels” (May-July 2017),
e JNS Normal Procedure: “Broken Wheels” (2017-2019)*

RCMs from those earlier NS procedures were replaced by the ones put forward in the most recent JNS
procedure as published in January 2026 (JNS Report 4.1). All actors are obliged to implement either these
recommended risk control measures or alternative measures stemming from a risk assessment that
guarantee at least the same level of safety.

Considering the complex context, the JNS TF elaborated a definition of the risk to be treated at the level
of the entire European railway network and proposed proper RCMs (Figure 1). The analysis of risks is based
on the Fault Tree Analysis produced within the 2019 JNS NP that was verified in 2024-25 and confirmed by
TF members to be still valid today.

2 NIB CH Gotthard Accident Investigation Report, June 2025
3 ins np gothard final report v3.0.pdf
4 Short Term measures agreed und proposed by UIC, ERFA, UIP dated 13/07/2017 (europa.eu).
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Figure 1 — Risk structure (source: JNS TF Dec. 2023- Jun. 2024)
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Within the 2023-24 JNS procedure, the following tasks were defined and elaborated by the TF members:
1. Analysis of the accident in the St. Gotthard tunnel,
2. Further elaboration of the risk to be tackled,
3. Identification of wheel types comparable to BA 004,
4. Application of RCMs for BA 004 to all identified comparable wheel types,
5. Check of the effectiveness of the RCMs for the wheel type BA 004 and identified comparable wheel
types and possible further developments, if any.

The identification of wheel types comparable to BA 004 included among others the description of wheel
type BA 004, main features and the definition of criteria (linked to 4 relevant parameters®) / procedures
for the identification of comparable wheels to BA 004. Using the overview of wheel types in the European
freight sector provided by the VPI European Maintenance Guide (EMG)8, complemented with information
from the original designer and the JNS TF members, a reduced list of wheel types with a low residual rim
thickness has been selected and further analysed in addition to the BA 004 (used also in some versions of
Wheelset VRY):

e Db-004sa;
e BA 390,

e RI025;

e R32

e BA304.

Within task 5, the JNS TF continued the collection of accident cases that started in the previous JNS
procedures on Broken Wheels and analysed only the cases gathered after the implementation of the JNS

5> The 4 parameters are: Radii in the transition between rim and web comparable to wheel type BA 004 (see
figure); Position of the web nearly in the middle of rim (see figure); Allowed thickness of the web near the
rim equal to or greater than 20 mm and equal to or smaller than 22 mm (see figure); Minimum residual rim
cross section area (in fully worn state) in accordance with chapter 4.3.1 of EN 13979-1 is lower than 0,23 dm?.

 The VPI-EMG (vpihamburg.de) - VP EMG 04 — 04.02 has been used for the analysis.

7 Additional wheel types were considered but not included in the JNS 2024 report (e.g. BA 005, BA 303, RI101).
However, in the JNS Report 4.0 (December 2025) one additional wheel type was added as comparable - BA
005 (because of identical geometry to BA0OO4, despite lower axle load of 20t).
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measures focused on identifying similarities concerning for instance the rim as the crack initiation location,
wheel material type, mileage since last reprofiling etc.

The IJNS procedure carried out an in-depth analysis of the recalled 2019 JNS UP measures envisaging
adjustments where needed and added additional RCMs structured as reported below:

e Operation and wagon maintenance;
e Off vehicle maintenance;
e General requirements in operation, wagon and wheelset maintenance.

In addition, improvements in standards, regulation and company rules were also proposed by the JNS TF
members (e.g. GCU amendments). Concerning other JNS activities, the JNS NP “Consequences of
unintended brake applications with LL blocks” (2024) and the Sector Project “Brake Blocks/Wheel
Interaction” were identified as relevant.

As part of the latest reporting of the JNS TF (2024-26) key follow-up activities were identified also
considering the 2025 published accident investigation report from the Swiss National Accident
Investigation Body on the 2023 Gotthard accident and the subsequent measures put forward by the Swiss
National Safety Authority (FOT):

e Update of GCU (JSG);
e Follow UIC Sector project on composite brake block - wheel interaction (JSG);
e (Collection and analysis of new cases.

So far (since July 2024) some 40+ follow-up meetings have taken place. Following the publication of the
revised JNS report in April 2025 (see above) the priorities of this TF concern:

e Consideration of analysis of newly reported cases of cracked and broken wheels (ongoing);

e Consideration of the safety recommendations in SUST (NIB CH) report (of 30 May 2025);

e Consideration of the Swiss Federal Office Transport (NSA CH) ‘measures relating to freight wagons
safety’ of 11.09.2025 (incl. 2 follow-up amendments in October 2025).

In particular, the NSA CH measures from September 2025 (incl. the 2 follow-up amendments) are the key
focus of the JNS Task Force. These measures concern provisions requiring minimum wheel diameters,
more frequent maintenance interventions and systematic inspections. Wheels must have a minimum
diameter of 864 millimetres, compared to the 860 millimetres previously applied at European level.
Moreover, depending on the type of brake block, it must now (from 1 January 2027) be carried out
systematically based on mileage / frequency-based criteria, rather than at possible longer intervals
currently in use. Additional checks, such as percussion tests, must be performed regularly. In the future,
every freight wagon must carry documentation of its most recent technical inspection so that railway
undertakings can verify compliance before using it in a train transiting Switzerland. Wheels must also
feature a coloured stripe indicating any overheating.

As such, the JNS TF have been examining alternative measures to replace the Swiss national rules with
commonly agreed European wide harmonised risk control measures to ensure railway safety while
supporting the competitiveness of the freight railway sector in Europe. The result of this examination is
documented in the updated JNS final report 4.1 from January 2026 where the existing RCMs have been
amended considering the Swiss measures. In this context, it should be mentioned that all stakeholders
agreed to work together to design harmonised measures rather than national solutions. For this part of
the work of the JNS a substantial number of additional stakeholders from NSAs, NRBs (also NIBs) were
invited and accepted to work in the JNS TF.

Moreover, follow-up work in 2026 was also agreed such that updated JNS reports would be available by
15t July 2026 and December 2026. The work for the July 2026 update has focussed on:
e Develop an EU-wide harmonized JNS risk control measure based on the Swiss measure #3 for
wheel inspections
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e Decide if RCMs 1.1 and 2.1 (visual inspections) can be limited to wheels with nominal diameter of
920mm

e Check correctness of criteria for the identification of wheel types comparable to BA 004,
considering case of cracked and broken wheels currently not considered comparable to BA 004

e Develop and improve the definition of colorisation as an indication of thermal overload

For the planned update in December 2026 of the JNS report, a number of elements will be considered,
incl. the developing a feasibility study to identify workshop capacity along with the definition of pertinent
research needs with specific focus on the possibility for more reliable in-service monitoring (full details of
the priorities for the December 2026 update is available in the JNS 5.0 report).

Beyond the 2026 updates, it is foreseen that JNS activities will explore further the scope for longer term
solutions in terms of smarter approaches for in-service monitoring and maintenance tasks typically
through digital tools.

1.2. Evidence of the problem

The subject of broken wheels has been the subject of several JNS procedures since 2017. A graphical
overview of the JNS procedures so far (up to the JNS TF report 3.0 from July 2024) with additional details
is provided in Figure 2.

For the JNS 2024 report a total of 23 cases were identified by the JNS TF members with wheel type BA 004
and comparable ones as defined within the JNS procedure. On this regard, within these 23 cases:

e 15 cases before the implementation of the JNS measures (2019), and
e 8 cases after the implementation of the JNS measures (2019).

Concerning the cases collected after the implementation of the mentioned JNS measures, the analysis on
the implementation status of the 2024 JNS measures in the event of a rail accident showed some cases
where information was not available or measures seemed not implemented.

In addition, some 14 new cases have since the JNS 2024 report been identified. The analysis of these new
cases has been carried out as part of the follow-up work as outlined in the July 2026 JNS report. In
particular, the latest analysis in 2026 of the selected cases indicated that some 42% of these would have
had the potential to result in further crack propagation and the possibility for an accident (e.g. derailment).

Figure 2 — Overview of JNS procedures on Broken Wheels (source: JNS TF Dec. 2023- Jun. 2024)
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Within the 2024 JNS procedure work, a survey was designed aimed to collect data (via questionnaire) from
TF members regarding the owned number of wheel sets and a cost estimation of the potential impact of
the RCMs. With specific reference to the estimated economic impact of the RCMs from that JNS procedure,
it is worth to mention the rough cost estimation provided within the 2019 JNS UP was considered as a
starting point of the assessment (Table 1). Results of the ERA survey from 2024 and the comparison with
the previous cost estimation are reported in section 4.2.

Further assessment of the economic implications of RCMs has been considered as part of the impact
assessment with particular focus on the costs associated with the Swiss National rules and the alternative
European harmonised measures. In the present report an update of the foreseen impacts has been
undertaken using the FIA from December 2025 as the basis. This update has focussed on the implications
associated with the introduction of RCMs based on visual inspections based on mileage-related intervals.

Table 1 — Aggregated financial impact of 2019 JNS measures (source: JNS TF 20198)

Responsible Assumption for estimation | Cost estimation
(depends on ECM and in the whole
application) sector

RU

No additional 5.000 additional wagons 500.000 €
measures (wheelsets) to sort out from
service a 100€
For ECM/Keeper Risk assessment 20.000 € per ECM 1.000.000 €
Number of ECM: 50
For affected Additional 100 € per wheelset / year 20.000.000 €
ECM/ Keeper measures 200.000 affected wheelsets
For affected Diameter reduction 75 € per 1 mm => 20 mm 75.000.000 €
application in affected reduction => 1.500 € per
application wheelset
50.000 affected wheelsets

1.3. Baseline scenario

If no actions are taken beyond the current JNS NP measures, the Swiss national rules would remain in place
leading to the risk of fragmentation of the safety regulatory framework for rail freight and increased
barriers to interoperability. As such the problems described in section 1.1 will persist resulting in reduced
competitiveness of rail freight in Europe and higher external costs of the transport systems (incl. higher
levels of accidents due to the potential risk of traffic shift from rail to road).

1.4. Main assumptions

This IA is based on the information provided within the JNS TF exchanges on the problem statement as
well as follow-up analyses and dedicated exchanges with TF members.

Within the INS TF activities, a range of solutions have been discussed and assessed in-depth. Additional
data were collected via a survey and bilateral interviews to contextualise the potential impact of the RCMs.

8 Short Term measures agreed und proposed by UIC, ERFA, UIP dated 13/07/2017 (europa.eu) — slide 45.
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1.5. Stakeholders affected

The stakeholders affected by the issue are indicated in the table below. The envisaged measures would
affect a range of stakeholders. Moreover, there are significant differences within stakeholder groups. In
particular, the complexity of the problem is likely to affect mainly (smaller) ECMs, RUs, keepers and
manufacturers for which the tracking and compliance with new / additional requirements is relatively
more burdensome or with limited availability of staff. In addition, the implications on society should also
be considered notably in terms of the overall safety of the railway system along with any modal shift from
rail to road that could result in changes in external costs (e.g. air pollution, climate change and accidents)
from the transport system as a whole.

Railway undertakings (RU) Member States (MS)
Infrastructure managers (IM) Third Countries
Manufacturers National safety authorities (NSA)
Keepers European Commission (EC)
Entity in Charge of Maintenance (ECM), European Union Agency for Railways (ERA)
including ECM Certification Bodies (CB)

Notified Bodies (NoBo) Citizens living nearby railway tracks O]
Associations [] | Persons with reduced mobility (PRM) O
Shippers [ | Passengers O]
Ticket vendors 0 | National Investigation Bodies (NIB)

1.6. Subsidiarity and proportionality

The problem and proposed options fall into the scope of the Safety and Interoperability directives and the
TSIs. As concluded within the JNS TF, European action is needed to ensure a coordinated and harmonised
solution regarding broken wheel set events for freight wagons.

Proportionality is an integral part of both the JNS TF as well as the impact assessment to ensure that the
proposed solutions are not excessive taking a holistic perspective on the railway system as part of the
transport system within the overall socio-economic structures (in line with the EUs Better Regulation
Guidelines).

2. Objectives

2.1. Specific objectives

The objectives concern the development and update of risk control measures, to sustainably:

e Restore/increase the safety level,
e Ensure interoperability, and
e Return to the previous cost base or lower.

These measures are put forward to replace the measures by the Swiss authorities (from September-
October 2025) as a follow-up to the Gotthard tunnel accident in August 2023. An initial set of measures
towards a European based solution were put forward in December 2025. Updated measures considered
are set out in July 2026. It is foreseen that follow-up work to further optimise the in-service monitoring
and maintenance arrangements in 2026 and beyond will be undertaken.
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3. Options

3.1. List of options

The baseline scenario, Option 0, implies the status quo in which RCMs are in place as recommended by
the JNS 2025 Normal Procedure (Report 4.0 / Report 4.1).

Besides the baseline scenario, two additional options have been considered. Option 1 would be the
situation with the Swiss National Rules®. Option 2 would be the situation where the JNS 2026 measures
are updated along with replacing the Swiss National rules (Report 5.0). As such the JNS 2026 replaces the
RCMs from the JNS 2025. Full details of the new RCMs in JNS 2026 are available in the JNS Task Force
report published on the Agency’s website on the 1° of July 2026.

It should be noted that for both Options 1 and 2 there would be variation over time (e.g. for Option 1 in
2026, 3 out of 4 measures would be in place and from 1° January 2027 onwards all measures would in
principle apply). A similar time-variant basis could be the case for the updated JNS 2026 measures put
forward by July 2026). As such further adjustment of JNS measures could be foreseen beyond 2026-27,
e.g. taking into account progress with implementation and outcomes from research activities (see below).

In 2027, it is likely that the JNS measures would further evolve (to be specified) with particular focus on
M3 (Forced technical wagon inspection) considering that this measure will enter into force in Switzerland
by 1.1.2027. A key part of Option 2 involves measures to address the Swiss provisions re. forced technical
wagon inspections in a more efficient and effective way considering that M1, M2 and M3 should be seen
as a package. This includes, in particular, mileage based requirements for visual inspections
complementing the existing RCMs re. visual inspections by ECMs.

Beyond 2027 further adjustments of the JNS 2026 measures could be foreseen in terms of the introduction
of smarter monitoring / maintenance concept considering research results in this domain with particular
focus on the role of digitalisation and innovations. The aim here would be to ensure a standardised /
harmonised approach at European level. Over the medium term, it is then likely that the JNS 2026
measures can gradually be lifted / eased thereby contributing to reduced maintenance costs, improved
availability of rolling stock, while ensuring safe operations of rail freight throughout Europe.

° Details of these measures have been made available by the Swiss NSA and have been examined in-depth
by the JNS experts. In particular, these measures concern provisions on four elements: M1 —Thermal stability;
M2 — Minimum wheel diameter; M3 — Forced technical wagon inspection; M4 — Hammer test
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4. Impacts of the options

4.1. Qualitative analysis

Stakeholder assessment

A high-level overview on the expected impacts for clusters of stakeholders and aggregated results is
provided in the following Tables. For Options 1 and 2 a distinction is made between the short-term horizon
and longer-term perspectives. It should be noted that compared to the LIA in 2024 the chosen category for
overall impact for national authorities for Option 0'° has been adjusted to consider the perspectives from
CH authorities (already implemented in December 2025). Moreover, it should be noted that Option 0 is
represented by the baseline of the JNS Report 4.1.

Option 0 (Baseline) — JNS NP risk control measures (Report 4.1)
[including proposals for amendments in standards / regulation and company rules]
Category of Impact . Overall
stakeholder type Description Impact
The JNS 2025 (Report 4.1) updated RCMs which ensure alignment
across stakeholders, improving safety and interoperability,
Sector Positive | contributing also to the prevention of accidents for the problem in
(IM, RU, question. Rather
manufacturer, positive
ECM etc.) Changes of the updated RCMs require an update of knowledge and
Negative | procedures for the concerned stakeholders along with ongoing
effort linked to the different RCMs.
Further and updated harmonization of the legal framework at
Positive | European level for wheelset monitoring and maintenance.
National Changes to the new requirements require a limited
Authorities and update of knowledge and procedures for the authorities and
Assessment assessment bodies. However, considering the introduction of the Neutral
bodies NSA CH measures by 1.1.26 and 1.1.27 additional steps are needed,
(MS, NSA, NoBo Negative | in particular the requirements for visual inspections. This implies the
etc.) need to identify appropriate measures at European level to
preserve interoperability. Moreover, to date there has been a slow
implementation / monitoring of the JNS measures creating an
important information gab from authority perspective.
Implementation of updated RCMs and practices ensures improved
Positive alignment and harmonisation at European level across stakeholders,
improving safety and interoperability levels.
Fine tuning changes to the legislative framework requires a marginal
European update of knowledge and procedures. However, considering the Rather
Authorities introduction of the NSA CH measures by 1.1.26 and 1.1.27 .
- . . . positive
(EC, ERA) additional steps are needed, in particular the current requirements
Negative | for visual inspections. This also implies the need to identify
appropriate measures at European level to preserve interoperability
while maintaining safety levels and when practicable, continuously
improved.

101t is noted that Option 0 here would be comparable to Option 2 from the FIA performed in relation to the
JNS 2025 reporting.
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Option 1 — FOT (NSA CH) measures

Category of
stakeholder

Impact
type

Description

Overall
Impact

Sector (IM, RU,
manufacturer etc.)

Positive

From a sector perspective, it is likely that there would only be rather
limited positive impacts. In part, there could be some variation
among stakeholders depending on the extent to which their
arrangements are already largely aligned with the Swiss measures or
not. It should be remarked that under this Option three out of four
measures already apply in 2026 while from 2027 all four measures
will apply. This implies that impacts (positive or negative) will vary
over time.

Negative

In comparison with Option 0 it is likely that there could be
significant cost increases linked to wheelset in-service monitoring
and maintenance. This would concern ECMs along with RUs
(although it is noted that most of the proposed would be incurred
by ECMs). It is likely that the negative impacts will increase from
2027 on, when all four measures would be applicable.

Very
negative

National
Authorities and
Assessment bodies
(MS, NSA, NoBo
etc.)

Positive

Specific measures could lead to improved control of risks at national
levels along with possible faster implementation (however, it is
likely that the proposed measures are not cost-effective).

Negative

Any positive impacts are likely to be outweighed by adverse
implications on cross-border traffic especially for countries
neighbouring Switzerland as well as loss of interoperability and
railway competitiveness.

Rather
negative

European
Authorities
(EC, ERA)

Positive

No positive impacts are foreseen if this Option would be adopted on
a European scale. However, addressing the challenges represented
by this Option has been facilitated through a strong willingness for
cooperation between authorities and sector to find common ground
and compromises. It should be remarked that under this Option
three out of four measures apply in 2026 and from 2027 all four
measures would apply. This implies that impacts (positive or
negative) will vary over time.

Negative

Overall, the main adverse impact associated with Option 1 concerns
interoperability considering that the Swiss measures represent
national rules that could hinder rail freight transport across Europe.
Moreover, if these measures were to be expanded to the whole
Union it is likely that there could be adverse impacts on railway
competitiveness. It is likely that the negative impacts will increase
from 2027 on, when all four measures would be applicable.

Very
negative

Option 2 — Option 0 + JNS / JSG amended measures (Report 5.0)

Category of
stakeholder

Impact
type

Description

Overall
Impact

Sector (IM, RU,
manufacturer etc.)

Positive

Agreement on the updated RCMs which ensure alignment across
stakeholders, improving safety and interoperability, contributing
also to the prevention of accidents due to the problem in question.
Although some increase in costs over the short term are expected
this Option would avoid the potential for significant increases in
costs associated with wheelset monitoring and maintenance with

Very
positive
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2026 Impact Assessment

adverse consequences on railway performance in the market!®,
Moreover, this Option ensures a European based approach rather
than one opening up for national variations (Option 1).

Some increase in costs over the short term compensated by the
Negative | possibility to explore and develop an improved maintenance
concept along with enhanced in-service monitoring over time.

National
Authorities and
Assessment bodies
(MS, NSA, NoBo
etc.)

Positive

concerned.

Further and updated harmonization of the RCMs considering the
concerns raised following the accident in the Gotthard tunnel in
2023. In particular, the new provisions are likely to result in a faster
implementation of the JNS 2026 measures along with improved
visibility of the level of implementation by the stakeholders Very

positive

Negative

the concerned stakeholders.

Limited changes required on authority side to put place the JNS
2026 RCMs for which NSAs and / or ECM certification bodies are
responsible along with update of knowledge and procedures for

European
Authorities
(EC, ERA)

Implementation of the updated RCMs and practices (JNS 2026)
ensures improved alignment and harmonisation across
stakeholders, improving safety and interoperability levels. These
measures ensure that potential adverse impacts on interoperability
and rail freight competitiveness from Option 1 are prevented, while
Positive | facilitating proportionate control of risks associated with rail
freight. Moreover, building on the JNS 2026 further work is
foreseen during 2026 and beyond to optimise the JNS measures Very
drawing on improved maintenance concept and in-service positive
monitoring. Over a longer-term perspective this is likely to result in
substantial improvements in cost-effectiveness.

maintenance while preserving safety levels.

Fine tuning changes to the legislative framework requires a
marginal update of knowledge and procedures. However, some
Negative | resources would over the short term be needed to realise the
potential for significant cost savings concerning freight wagon

Railway system assessment

Option 0 (baseline) Option 1

Option 2

Safety

Based on the available
information, it is likely that
there could be an
improvement in safety level.
However, while the proposed
measures may control the risks
sufficiently it appears that
these measures are not cost-
effective. This implies that
other complementary /
alternatives may exist for
which the risk is still
sufficiently controlled but with
a lower cost impact

Harmonised
implementation of safety
actions regarding the
identified problem. Two
issues have though been
seen as problematic: 1)
slow implementation of
the JNS 2024 measures; 2)
Communication between
railway stakeholders
linked to wagon
maintenance

Amended JNS 20265 (Report
5.0) measures will ensure a
harmonised European
approach for safety actions
linked to in-service monitoring
and maintenance for rail
freight. This Option considers
the concerns raised by
stakeholders incl. authorities
while also identifying follow-
up actions that can further
optimise the resources
allocated in terms of efficiency
and effectiveness promoting

11t is worth to mention that indications on the economic impact of the RCMs are aggregated estimates, and
they might differ from the actual costs incurred by specific stakeholders.
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2026 Impact Assessment

the safety of the transport
system as a whole

Interoperability

harmonisation of the EU

interoperability, including

The adopted JNS 2025
measures facilitate

railway sector and thus

by further updating the
legislative framework.

While the measures put
forward under Option 1is a
reaction to safety issues
perceived by the concerned
authorities it is foreseen that
national based approaches
would result in reduced
interoperability at European
level incl. hindering cross-
border freight transport.

The provisions put forward in
the JNS 2026 (report 5.0)
ensure that harmonised RCMs
are in place across Europe,
thereby facilitating
interoperability in the Single
European Railway Area

No change in the
competitive situation of

Higher administrative burdens
with changes that may in

Competitive situation of
railway is equal or higher than
the level under Option 0.
Moreover, with the
anticipated follow-up work of
JNS in the coming years it is

Competitiveness . . . .
railway. practice hinder rail f.relslght due | possible that significant cost
to reduced competitiveness. reductions could be achieved
in terms of in-service

monitoring and maintenance

concepts

Effectiveness Rather high Neutral Very high

Coherency assessment
Option O (baseline) Option 1 Option 2

The measures put forward An amendment of the JNS

Policy analysis

The JNS 2025 (report 4.1)
updated the 2024 / 2019
RCMs along with putting
forward changes of the
legislative provisions in
accordance with a
harmonised framework.

additional national
requirements for

significant adverse

objectives, e.g. green
transition

within Option 1 builds on the
JNS 2024 measures adding

stakeholders operating /
maintaining. If scaled up to
European level it could have

implications on EU policy

2025 measures is specified
ensuring a harmonised
European framework in line
with the existing provisions
of the Railway Acquis. These
adjustments support the
overall implementation of
the measures

Coherence

Rather high

Very low

Very high
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4.2. Quantitative analysis

A. Key quantitative information building on LIA 2024 (possible to put in Annex)
In Europe there are currently a total of more than 650,000 registered freight wagons (ERA EVR, 2023)*2,

Within the JNS 2024 procedure, a survey was designed and implemented to gather information from TF
members concerning the:

e Number of owned wheel sets, and
e (ost estimation of the potential impact of the RCMs.

A total of 10 completed questionnaires was obtained. Although this figure does not have robust statistical
significance or representativeness, some indicative evaluations follow.

Regarding the first point, it was asked to TF members to provide the number of wheel sets for specific types
of wheels, including those selected as comparable ones to the BA0OO4 (see * in Table 2); 3 additional wheel
sets, discussed in the TF meetings, were also included (notably BAOO5, BA303 and RI101). An overview of
the results is provided in Table 2, where the size and type of wheels vary across actors.

Table 2 — N. of wheel sets by stakeholders (source: selected JNS TF members, 2024)

INS TF BA004* Db-004sa* BA 390* | RI025* | BA304* R32* BA005 BA303 RI101
members
Actor 1 28,345 - - 481 - - 114 35,949 -
Actor 2 - 560 - - - - - - -
Actor 3 2,369 - 78 - 102 10 n.a. n.a. n.a.
Actor 4 412 - - - - - - - -
Actor 5 31,027 431 - 9 5 - 80 12,516 -
Actor 6 70,000 - - - 8,500 - 23,500 12,600 -
Actor 7 100 - - - - - 2,300 2,500 -
Actor 8 1,434 - - - - - - 239 559
Actor 9 53,500 41 - 11,351 272 594 1,675 14,331 4
Actor 10 800 - - - - - - - -

Concerning the economic impact of the RCMs from JNS 2024, it is important to recall the analysis carried
out within the 2019 JNS NP where a rough estimation was provided (Table 1 in Section 1). Excluding a reply
which did not provide the information related to this topic, around half of the sample confirmed that values
included in Table 1 are all still valid, while the other half is expecting an increase in costs (Table 3). Multiple
actors indicated changes with regards to diameter reduction in affected application. Among the costs not
covered by the mentioned table, wagon repair, wheel sets’ transport and loss of wagon availability were
mentioned by actors.

The cost related to the risk assessment of the measure for ECM or vehicle keeper (see item 2 of Table 3
below) are one-time type of costs, while the other cost items would be recurrent (per annum). In addition,
item 4 is an estimate for a 10 year period, so the annual costs would be derived by dividing this estimate
by 10.

12 pata source: ERA Railway Factsheet - Europe. It should be noted that the number of actively used wagons
would be lower than the number of registered wagons, a range around 400000-500000 could be expected.
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With reference to the cost consequences of accidents/incidents for the Gotthard broken wheels’ case SBB
indicated that a property damage amount, including loss of income®?, of around 155 M€ (of which around
140 M€ are insured)'* considering the time period in which the tunnel was closed for rail traffic.

Table 3 — Estimation of the aggregated economic impact of the 2024 JNS procedure (source: selected JNS TF members, 2024)

I sstimntion for estimation Cost estimation :{‘ost estimation
# Responsible Measures P (Million euro} - 2019 (Million euro) - 2024
(2024 calculation) |
JNS procedure UNS procedure
RU Mo additianal rassires 5.000 additional wagons (wheelsets) to sort 0.5 Me -
out from service a 100 €
No additional measures but additional number
| of wheelsets:
|11 i i 10,000 additional heelsets) to sort
RU Case " K + R1 (isolate brake) SHGmIoNAl WAEHRS DRhAEESSts) 10 20 | 0,6 ME
. . out from service a 60 €
e.g.: paint burns of at connection rim\web -
GCU1.2.2)
Mo additional measures but additional number
|1.2 Rl of wheelsets: 5,000 T additional wagons (wheelsets) to sort S Nie
Case " Detach wagon " out from service a 200€
| e.g.: cracks on the rim surface - GCU 1.3.6)
For From 10.000 to 20.000 € per ECM (only freight) From 5 M€
Risk t E 1ME |
ECM/Keeper sk assessmen MNumber of ECM (only freight): 500 To 10 ME §
o I I
For affected From 110€ to 120€ per wheelset / year From 22 M€
Additi | 20 M€ |
ECM/ Keeper Ll from 200.000 to 300.000 affected wheelsets |To 36 M€
Eorafbcted . - o 75€ per 1 mm => 24 mm reduction => 1.800€ From 360 ME
b Diameter reduction in affected application per wheelsat 75 M€ |70 540 ME
PP from 200.000 to 300.000 affected wheelsets
L

Notes: Values = order of magnitude provided by around half of the sample. / ® - Inthe 2024 JNS Gotthard BW procedure, measures
for RUs are disaggregated — see lines 1.1 & 1.2. / t - value underestimated. / & - No AsBos’ costs included.

Tunnel closure as a consequence of an accident is prejudicial not only to the regional economy but also to
the national and in some cases even to the whole European economy, increasing transport costs, reducing
competitiveness and safety of the affected areas®. Also, the literature has been demonstrated that

accidents/incidents in tunnels might be very costly!® as in some other railway accidents (e.g. Rastatt tunnel
17).

The impact evaluation of the RCMs should consider also the ability of the recalled measures to avoid these
kinds of accidents with huge economic impacts that could more than offset the cost of the measures
themselves.

B. Overall costs and benefits
Main components in the quantitative assessment include:

- Cost of the RCM measures (under Options 0, 1 and 2)
- Safety gains of the RCM measures (under Options 0, 1 and 2)

13 These consider ‘losses’ for SBB Cargo, SBB Infra, SBB Passenger Traffic and SBB International.

14 The estimation accuracy for both figures is +/- 20%; Gotthard Base Tunnel in operation on 2 September |
SBB News (27.06.2024).

15 Haukur Ingason, 2023, Proceedings of the International Symposium on Catastrophic Tunnel Fire, 20-21
November 2003.

16 OECD (2006), OECD Studies in Risk Management — tunnel safety, Paris.

17 Rastatt Tunnel - Wikipedia, the free encyclopedia.
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- External costs (under Options 0, 1 and 2)

Our focus in the analysis will be on Options 1 and 2, whereas the impacts associated with Option 0 was
already assessed as part of the LIA from 2024 (see above) and updated in the FIA from December 2025 (JNS
Report4.0/4.1).

In particular, the total costs associated with Options 1 and 2 will be compared covering both the costs of
the measures along with foreseen external costs. It should be noted that the relative comparison between
Options 1 and 2 is not influenced by the inclusion of external costs or not, considering that the external
costs can be derived as a function of the costs of the measures.

The two options are compared using a cost-effectiveness criterion, total annual costs relative to a measure
for effectiveness. In principle, expressed in this way the lower this ratio would be the higher level of cost-
effectiveness, i.e. the preferred option would then be the option with the lowest costs per effectiveness
score. The main challenge in using this approach is limited information on effectiveness. Two approaches
could be utilised:

e Assuming that both Options achieve the same level of effectiveness the comparison would only be
in terms of costs where the preferred option would be the one with lowest costs

e An alternative approach could use as proxy for a quantitative effectiveness score the proportion of
respondents to the survey (see Annex 2) that answered that the NSA CH measures are controlling
the risk sufficiently and have the lowest negative cost impact

In the following, our cost-effectiveness comparison is based on only costs (RCMs and external costs), that
is assuming that the RCM effectiveness for Options 1 and 2 are identical.

Below, the estimates of cost of measures, external costs and overall cost-effectiveness are outlined for the
two Options along with further explanations.

Cost estimates of RCM measures
Option O:

See information above, Table 3 for the JNS 2024 measures (Report 3.0): On an annual basis (where one-off
costs are distributed over a 10-year period) an order of magnitude of the costs would be in the range around
60-90 min EUR per annum. In addition, the JNS 2025 (Report 4.0 / 4.1) would contribute further costs in
the range from 40 min to 100 min EUR.

Option 1:

The Joint Sector Group (JSG) provided detailed cost figures on both the Swiss measures (Option 1) and the
alternative / complementary measures (which provides indications for the possible cost impacts associated
with the Option 2 JNS measures). These estimates have been shared with the JNS TF and are available on
the Agency’s JNS Extranet. The Agency has undertaken a detailed analysis of the provided cost estimates
incl. validation of the underpinning assumptions, e.g. in terms of unit costs for the different activities
involved for these measures. The following cost analysis is focusing on 1 element - the introduction of
mileage based visual inspections complementing event based visual inspections. A plausible range for the
total annual cost impacts would be from 45 min EUR to 55 mIn EUR. On balance an order of magnitude
figure could then be around 50 min EUR, This cost estimate would be at European level in the situation,
where the NSA CH measures are introduced across Europe. Obviously, the cost estimate would be

18 Considering the cost estimates provided by the JSG for visual inspections for this FOT measure, the estimate
used here is likely to be an underestimate.

120 Rue Marc Lefrancq | BP 20392 | FR-59307 Valenciennes Cedex 16 /61
Tel. +33 (0)327 09 65 00 | era.europa.eu



EUROPEAN UNION AGENCY FOR RAILWAYS 2026 Impact Assessment

substantially lower if Option 1 measures would be limited to stakeholders based in or operating in
Switzerland.

Option 2

The Joint Sector Group (JSG) provided detailed cost figures on both the Swiss measures (Option 1) and the
alternative / complementary measures (which provides indications for the possible cost impacts associated
with the Option 2 JNS measures). These estimates have been shared with the JNS TF and are available on
the Agency’s JNS Extranet. The Agency has undertaken a detailed analysis of the provided cost estimates
incl. validation of the underpinning assumptions, e.g. in terms of unit costs for the different activities
involved for these measures. For Option 2 the focus is solely on the cost impacts associated with mileage
based visual inspections. Based on the available information about the cost impacts associated with
mileage based visual inspections a plausible range could be from 19 mIn EUR to 25 mIn EUR per annum. On
balance an order of magnitude annual figure could then be around 22 min EUR considering variation
between stakeholders. This cost estimate would be at European level where the JNS measures are
introduced across Europe. The 22 min EUR annual estimate takes into account the latest discussion in the
JNS TF in July 2026. The identified cost range has been derived based on changing assumptions on
parameters for additional resources required from the additional requirements included in the JNS 2026
measures. As such it should also be noted that a couple of cost elements have not been included in the cost
range put forward (see above), e.g. costs associated with tasks undertaken by ECM certification bodies
(surveillance) and National Safety Authorities (supervision). These elements could be considered as part of
the planned update in December 2026. It should be noted that the conclusions of the impact assessment
will not be affected by these elements in terms of how Options 1 and 2 compare.

It should be noted that the cost estimates provided for both Option 1 and 2 are developed based on a
number of assumptions that should be further validated. This validation will be undertaken during the
second half of 2026. Complementary information about the cost estimation is outlined in Annex 5.

External costs estimates

Apart from the costs of the RCMs the impact assessment is also considering the external costs in accordance
with the EC’s Better Regulation Guidelines as well as substantial academic literature on the implications of
shifting transport from rail to road. As noted above, the inclusion of external costs will not change the
ranking of the two do-something options. The changes in external costs from transport would arise
provided that: 1) There are cost impacts of the RCMs that are passed through to the customers in terms of
prices; 2) Freight customers would respond to freight rate increases by partially moving to other modes
(notably road); 3) unitary external costs per tonne kilometre vary between modes. For each of these
elements in the chain to reach external cost changes details are provided in Annex 0. It should be noted
that the estimated external costs figures consider a European level of implementation of the measures
within the different Options. The external cost estimates for three Options are based on:

e Cost of measures (see values / range given above) relative to the total operating costs for rail freight
in Europe to determine the percentage change in costs

e Data on rail freight volume (measured in tonne kilometres) available from the EC Transport
Statistical Pocket book®

e Marginal external costs (eur-cents / tonne-klm) for road and rail covering the following external
cost categories (Accidents, Air pollution, Climate change, Noise, Congestion, Well To Wheel (WTT),
Habitat available from CE-Delft Handbook on external costs (2019)). Link to the Handbook available

19 EU transport in figures: Statistical Pocketbook - Mobility and Transport
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in Annex 0. For this analysis we use the following values for marginal external costs for road and
rail respectively: 0.272 eur-cents / tonne-klm for rail and 4.865 for road eur-cents / tonne-kim

e Therefore, the additional external costs of modal shift from rail to road per tonne-klm would be
4.593 eur-cents / tonne-klm

e Cross-price elasticity value (relative shift of volume from rail to road due to price increase in rail):
0.3 (OECD report from 2022%°)

Based on these elements additional external costs per Option would be (preliminary values to be
confirmed):

e Option 0: (not considered at this stage)
e Option 1: 8-10 min EUR per annum
e Option 2: 3-5 min EUR per annum

Safety gains

Limited quantitative information is available about the possible safety gains associated with the measures
from NSA CH (in addition, limited qualitative considerations were provided in the questionnaire distributed
to the JNS TF members). Semi-quantitative evidence is though available from the survey undertaken as part
of the follow-up for the JNS on unintended brake applications of LL BB. Considering the link between
unintended brake applications and cracks / broken wheaels this is highly relevant. Further information about
this survey and the findings is available in Annex 4. As such with improved awareness, adoption and
indications of effectiveness of these RCMs it is likely that the risk associated with broken wheels may
already be reduced significantly. A relevant indication about the importance of these RCMs is provided by
one respondent that stated that the company ‘..modified its brake tests by eliminating the assimilation
function before performing the train’s brake application/release test. During an on-track driver changeover,
the new driver also applies the assimilation function before starting. This company reduced incidents related
to these involuntary brake applications by 23% between 2023 and 2024. A monthly review is carried out to
analyse incidents and identify areas for improvement from a requlatory or operational perspective. And in
2025, during periods of high temperatures (late March to late August), there was also a decrease of around
20% in brake applications compared to 2024. |t is strongly recommended to launch a similar survey for the
RCM of this JNS to track among the concerned stakeholders the level of awareness, adoption and
effectiveness to increase the knowledge about how the measures are working and any areas for further
fine-tuning and improvements. Survey findings could well complement the evidence available from the
reported cases of broken wheels or cracks through the whole rim or web thickness (see Section 1).

Further insights into the likelihood of accidents and their consequences linked to broken wheels are
available from the Accident investigation database available at the Agency’s website. Two filters were used:
1) Occurrence type; 2) Movement type:

e Occurrence type: Broken wheel; Broken wheel or axles; Derailment (+ incl. check of causes)

e Movement type: Rail freight

e In addition: In the occurrence description field added filter “Wheel”; added 3 investigations not
picked up by the selected filters: 1) Gotthard tunnel accident; 2) Elze; 3) Rosenheim.

With these filters there are approx. 20-25 cases in the database that covers 20 years of investigations. This
could approximately be translated into 1 accident (of these types) per annum.

e None of these cases had fatalities or serious injuries

20 OECD (2022) Mode choice in freight transport
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e 5 cases with damage costs below 150000 EUR, 6 cases between 150000 and 2 min EUR, 8 cases
over 2 min EUR (incl. the 3 accidents from JNS that all had damage costs higher than 2 min EUR); 4
cases without information about material damage costs

Based on this information a tentative average value of the material damage per case is likely to be around
4.5 mIn EUR (with a range from 1 mIn EUR to 8 mIn EUR). It should be noted that actual damage costs for
specific accidents could well be higher than this range (e.g. the Gotthard tunnel accident and the Rastatt
accident). Moreover, there would be other costs for each of these accidents beyond damage to
infrastructure and rolling (e.g. linked to damage of environment, delays or lost revenue).

Summary of results

Table 4. Overview of quantitative results (assuming identical effectiveness level achieved for Options 1 and 2)

Option 1 Option 2
Cost of RCM measures (min EUR 50 22
per annum)
External costs (EUR per min 9 4
annum)
Total costs (EUR per min annum) 59 26
Effectiveness score 1.00 1.00
Cost-effectiveness score 59 26

Overall, Table 4 indicates that Option 2 perform substantially better on a cost-effectiveness score basis
compared to Option 1, where the value of the score is comparatively lower for Option 2 than Option 1 (a
factor 2.5 difference).

C. Future perspectives building on smart solutions using digital / Al tools

The overall framework concerning the impacts with the risk control measures for Broken Wheels is well
outlined in the chart below focussing on the changes in costs over time reflecting both the JNS and the
Swiss measures. As such, it is likely that over time substantial reduction in costs of wheelset maintenance
and in-service monitoring could be facilitated building on ongoing research and innovation activities. It is
foreseen that in the future the JNS Broken Wheels workstream will be geared towards capturing this
efficiency and effectiveness potential ensuring a harmonised European framework. While it has not been
possible to incorporate these gains directly in the impact assessment it is worth noting that the possible
cost savings using smart / digital solutions supporting condition-based maintenance among others could
be rather high. For example, through Al-based monitoring of wheelsets it is possible that the number of
wagons that would need to be withdrawn from service for maintenance can be reduced (see RSSB, 2024)%%,

21 RSSB introduces Al-Powered tool to optimise wheelset maintenance | Rail Industry Connect | Connecting
you with rail industry insight and best practice
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= Measure #1 “thermo”

= Measure #2 "diameter”

* Measure #3 “inspections”
* Measure #4 “hammer”

* Measure #1 "thermo” Swiss rules
* Measure #2 "diameter”

* Measure #4 "hammer”

Costs (€)

JNS “2026”

— | ]

Swiss rules (Report5.0)
Defined within JNS by end ’Lg
2025 (December) To be defined within INS :
o ” by mid 2026 (transition!) Condition to lift NS
I :,’H{‘VS d-ﬁozs measures to be defined
I s within JNS by end 20XX
£ "
INS “2024” |
(Report 3.0)

Railway actors to correct and improve current situation
Implementation of changes in regulation + standards INS “New concept”

{Report 6.0}

Research activities

_J\ i : . . e
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5. Comparison of options and preferred option

5.1. Comparison of options

Option O (baseline) Option 1 Option 2
Stakeholder
S O Nat. Auth & EU Auth. Sector Nat.Auth & EU Auth. Sector Nat.Auth & EU Auth.

impact AsBo org AsBo org AsBo
Effectiveness Rather high/pos. Neutral Very high/pos.
Coherence _ _

i Rather high/pos. Very low/neg. Very high/pos.
(optional)

Colour legend Very low/neg. Rather low/neg. Neutral Rather high/pos. Very high/pos.

5.2. Preferred option(s)

Based on the assessment of the measures from the JNS TF, Option 2 avoids the negative cost consequences
associated with Option 1 while at the same time controlling the risks sufficiently. Therefore, Option 2
would be the preferred choice considering the different quantitative and qualitative elements available.

5.3. Risk assessment

The measures embedded in Options 2 have been drafted in close cooperation with industry experts,
representative bodies and national authorities over the course of the JNS NP duration which also benefits
from previous JNS procedures as described in Section 1. Considering the elaborated and iterative
discussions of the JNS TF, as well as the detailed analyses underlying each change, there are only limited
risks associated with the implementation of the related measures of the JNS. However, it would be
important to ensure that the measures put forward are timely implemented to confirm that the risks are
sufficiently controlled. Comprehensive follow-up monitoring on this aspect should be put in place (as
mentioned in Section 6).

The conclusion of the risk assessment is also put forward on the basis that further work is foreseen in
December 2026 and beyond to further refine the risk control measures to optimise resources involved and
the effectiveness of the measures.

Risk level assessment
Risk variables Option 0 Option 1 Option 2
Data: Baseline Low risk Low risk Low risk
Method: Forecast 2027 Low risk Medium risk Low risk
Method: Forecast 2030 Medium risk Medium risk Low risk
Implementation (stakeholder support) Medium risk High risk Low risk

5.4. Further considerations

In the short-term it is already foreseen that the present impact assessment report will be amended
during the second half of 2026 to consider the agreed follow-up JNS work for which updates of one or
several RCMs are foreseen. The timeline for this update would be December 2026.

Beyond this short term two aspects would need to be explored in future analyses re. their likely impacts
on controlling / managing risks as well as changes in costs for the concerned stakeholders:
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e Updated maintenance concept(s)?: In particular,

o Manufacturers, ECMs and RUs to update the EN 15313 regarding maintenance rules
considering the most recent freight train operational rules: 1) definition of maintenance
intervals for EN13979-1 compliant and non-compliant wheels; 2) definition of matching
in-service wheel checks against irregularities (e.g. overheating, tread damages, cracks),
in collaboration with the IM if needed

e Research on solutions for in-service monitoring with particular emphasis on digital / smart
measures:

o ECMs, RUs and IMs to initiate research into automatised and highly reliable systems to
entirely monitor wheels in-service (e.g. EMAT, video gates, etc...)

In addition, regarding the use of detection devises, it is important to highlight for future activities to
explore the comparison in terms of costs and risks between rolling stock (on board) and trackside systems
not included in this FIA. In particular, the topic of trackside systems (availability and location) has already
been considered in the impact assessment carried out for the JNS Procedure “Consequences of unintended
brake applications with LL blocks”, closed on March 5™ 2024 (especially, sections 1.2, 4.2 and 6.1)%.

With specific reference to the costs for the risk assessment for ECMs, the IA analyses revealed the need

to be further explored to have more evidence not only for risk assessment but other activities within the
railway system with the aim to better determine a) what are the typical costs, and b) possible variations
between entities in terms of costs.

6. Monitoring and evaluation

6.1. Monitoring indicators

Overall, the adopted JNS NP 2024 measures along with the ones put forward in the JNS follow-up report
from December 2025 (Report 4.0) / July 2026 (Report 5.0) are directly linked to the monitoring activity
undertaken by the different railway stakeholders. These measures imply a particular cooperation between
actors (IMs, RUs, ECMs etc.) in the frame of operations to facilitate the monitoring of the risk control
measures.

The monitoring scope should cover the following aspects:

e the continued collection and analysis of cases similar to the cases already under analysis,

e the monitoring of the implementation status of the RCMs produced by this JNS procedure,

e the HABD/HWD trackside installation availability all over Europe (including in case of incidents),
number of detections per year per MS (and related deployment costs),

e the collection of the incurred implementation / ongoing costs of measures by stakeholder type.

Moreover, considering the significant value of the survey undertaken concerning the awareness, adoption
and effectiveness of the RCMs from the JNS LL BB / unintended brake applications, it would be highly
beneficial to prepare and launch a similar survey(s) for the RCMs put forward in the JNS Broken Wheels /
Gotthard. Such a survey could take place in two stages: 1) An initial survey stage would focus on the
awareness, adoption and effectiveness of the already established RCMs from JNS 2025 (considering that
these were put forward in Dec. 2025 this could be launched already in Q4 2026); 2) A follow-up survey

22 Some elements regarding the maintenance are also identified in the: First Ex-post Evaluation Report on

ECM Regulation (Commission Implementing Regulation 2019/779) | European Union Agency for Railways,

carried out in 2024 by the Agency.
21t did not include the quantification in monetary terms of these devices; it is indeed an issue that emerged
within the JNS NP 2024 procedure.
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covering the RCMs as amended with the JNS report from July 2026 (this survey could be launched in Q2
2027). Alternatively, a single survey could be launched in Q2 2027 covering the RCMs from JNS 5.0 (incl.
those RCMs unchanged from JNS 4.1).

6.2. Future evaluations

According to the Agency regulation, ERA can undertake ex-post evaluation (Article 8.3). In the future, it
could be highly relevant to undertake an ex-post evaluation linked to broken wheels to assess the
efficiency and effectiveness of the risk control measures put forward to identify the actual impact, lessons
learnt and scope for future improvements / fine-tuning. This would also involve the launch of effectiveness
surveys similar to the one carried out for follow-up of the JNS NP on unintended brake applications (as
mentioned above, Section 6.1).

7. Sources and methodology

7.1. Sources

Drafting this impact assessment benefited from inputs received in various meetings with both ERA
colleagues directly involved in the JNS procedure and other JNS TF experts. The desk research was aimed
to collect and review relevant documentation produced by participants in the JNS TF along with other
information sources (e.g. industry and academic reports). The ERA databases used refer to the JNS
investigations as well as other information sources, notably the Agency’s Railway Factsheets.

Within the context of the JNS TF Broken Wheels follow-up, section 4.2 benefitted from data gathered via
a dedicated questionnaire from JNS TF members regarding both the cost estimation of measures and the
number of wheel sets disaggregated by selected type of wheels (questionnaire distributed to JNS members
in 2024 and included in the LIA from July 2024).

Moreover, a dedicated questionnaire distributed in November 2025 provided complementary information
on the perceptions regarding the proposed Swiss measures along with the JNS measures put forward in
Sep / Oct. 2025. Moreover, data from the Joint Sector Group on the costs of the Swiss measures and the
JNS measures supported the Agency’s FIA. Finally, a survey among keepers provided knowledge about the
frequency with which wagons experience a maintenance event was also considered as part of the impact
assessment work.

Desk research Interviews

ERA database Meetings

External database Survey
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Annexes
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Annex 0. Background information

This annex covers the following elements all of relevance for this impact assessment:

e  Rail freight performance

e Rail freight assets and maintenance costs

e Incidents involving wheels / wheelsets and consequences
e Multimodal perspectives

A. Rail freight performance

Insights re. trends for rail freight performance are offered by Figure 2 where rail freight volumes (measured
in tonne-kilometres) are grouped into larger European geographical regions (North, South, East and West).

Figure Al. Rail tonne-kilometres in four European regions

Evolution of tonnes-kilometres in four European regions
Thousand tonnes-kilometre

300,000 <4

- T —

e lorth

1960 1980 2000 2020

Source: International Historical Statistics, Eurostat

Note: North — DK, FI, NO, SE; East — BG, CZ, HU, PL, RO; South —EL, IT, PT, ES; West — AT, BE, FR, DE, IE, NL, CH, UK

Moreover, road and rail freight transport volume figures for the Alpine region (with focus on Switzerland)
have also been examined during this impact assessment showing the importance of rail freight. Further
information on this aspect will be incorporated in the planned update of the impact assessment report in
2026.

The modal share for rail in Europe has stagnated at quite low levels (around 12% for freight as shown in
Figure A2). Hence, transport demand has increased but rail has not been able to take a greater share of it.
This despite that long-distance transport, a segment in which rail is commonly believed to have a competitive
advantage, grew particularly strong.
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Figure A2. Freight transport trends in the EU

Evolution of freight transport in Europe
Billion tonnes-kilometres and international transport
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Source: Eurostat

Available information (Orbis data?*) on financial performance of the railway stakeholders provides at
European level (and country level) indications on return of assets and profit margin. The figure below (Figure
A3a) shows the results for about 1500 companies across the main stakeholder groups. Two main findings
should be highlighted: 1) overall margins are relatively small, e.g. about 3% profit margin; 2) there is
significant variation in financial performance within and between stakeholder groups. Figure A3b provides
indications for freight only RUs on a country basis. As such this context is of relevance whenever
consideration is given to new or updated regulatory provisions.

Figure A3a. Weighted average ROA and profit margin by stakeholder type

Weighted Average ROA and Profit Margin by Type (2019:2023)

1239
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Source: Orbis and Agency analyses

24 Orbis - BvD is now Moody's
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Figure A3b. Weighted average ROA and profit margin for freight only RUs by country

Weighted Average Profit Margin by Country for main operalors and subsidiary operators (domestic and foreign)
Countries ordered hy descending average Profit Margin between 2019-2023
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B. Rail freight assets and maintenance costs

According to the Agency’s Railway Factsheets a total of 658000 wagons were registered 2°in Europe for the
year 2025. The distribution per type is shown in Table Al.

Table Al. Freight wagons by type 2025)

25 |t should be noted that the number of actively used wagons would be lower than the number of registered
wagons (likely in the range around 400000 and 500000). Moreover, the utilization rate of these wagons is
subject to substantial variation measured in terms of annual mileage.
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Number of freight wagons by type 2025

O - Open multi-purpose wagons

K - Ordinary flat wagons

| - Temperature controlled wagons
G - Ordinary covered wagons

L - Special flat wagons

T - Wagons with opening roof

U - Special wagons

R - Ordinary flat wagons with bogies
H - Special covered wagons

F - Special open high-sided wagons
E - Ordinary open high-sided wagons
Z - Tank wagons

S - Special flat wagons with bogies

Total

322
5010
5362
7924

29885
32535
50809
51510
53048
59440
102631
117293
141605

657374

2026 Impact Assessment

Additional information for the 3 most registered wagon types is provided below (notably type E, Zand S). In
particular, the 3 charts provide information about wagons by manufacturing year along with data on the age

distribution of the different wagon types.

Figure Ada. E - Ordinary open high-sided wagons registered in Europe

E - Ordinary open high-sided wagons registered in Europe

Vehicles by manufacturing year

Source: EVR
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Figure Adb. Z- Ordinary open high-sided wagons registered in Europe

Z - Tank wagons registered in Europe

Vehicles by manufacturing year Age distribution (in years)
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Figure Adc. S — Special flat wagons with bogies registered in Europe

S - Special flat wagons with bogies registered in Europe

Vehicles by manufacturing year Age distribution (in years)

Source: EVR

Available information suggests that the technical service life of freight wagons in Europe would be in a range
from 35 to 50 years, although the useful (economic) life would typically be lower, e.g. 35 years (DG COMP,
2023 and TUV Rheinland InterTraffic GmbH (2019)%?’. In DG COMP (2023) it was mentioned that
approximately 10% of the freight wagon fleet was older than 50 years at the time of the study and had in
theory already reached the end of its technical useful life. The figures given are in line with the information
provided in the Agency Railway Factsheets mentioned above.

Although there is no European database on number of wheelsets in use, it can be estimated that there would
be minimum about 2+ million considering that there are around 650.000 freight wagons (see source above)
and that most and each wagon typically runs on 4 wheelsets (8 wheels).

The typical lifetime of wheels / wheelsets is influenced by several factors such as residual stress state from
manufacturing, material properties, wheel and rail profiles, wheel-rail contact forces, operating environment
including speed and braking all subject to variation. As such this makes it difficult to determine a universal
definition of wheel life?®, Available information suggests the economic lifetime would be around 15+ years,
while the technical (design) lifetime would be higher. While maximum mileage would be around 1,200,000
klm (UIP, 2011)%.

According to the Agency’s Railway System Data Inventory (RSDI)*° the costs of wagons in Europe (purchase
costs) would typically fall in the ranges given below depending on the wagon type involved (values are
expressed in mEUR):

e Freight 4-axle E wagon cost: 90 to 120
e Freight 6-axle E wagon cost: 105 to 140

26 DG COMP (2023) Impact assessment support study for the review of the Community guidelines on

State aid for railway undertakings

27 TUOV Rheinland InterTraffic GmbH (2019) Quantification of the need to retrofit freight wagon fleets in
Germany and member states of the European Union in light of the differing legal frameworks

28 US Federail Railroad Administration (2022) Framework for Wheel Life Model — Phase

29 Microsoft Word - UIP WG El - Final report -V 6.0 2011 11 21

30 standard Inputs for Economic Analysis in Rail | European Union Agency for Railways
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e Freight 4-axle non-articulated S wagon cost: 80 to 150

e freight 6-axle non-articulated S wagon cost: 110 to 170

e freight >6-axle non-articulated S wagon cost: 120 to 180

e Freight 4-axle Z wagon (not for transport of dangerous goods) cost: 100 to 110
e Freight 4-axle Z wagon (for transport of dangerous goods) cost: 100 to 200

As for the cost per wheelset (new) a plausible range would be from around 6000 EUR to 10000 EUR
considering the heavy duty use for rail freight along with compliance with industry standards and
requirements. The exact costs would be dependent on the specific wheel type and other factors. This range
is confirmed by a recent tender (2025)3! in Ireland for Irish Rail concerning 400 axles and 1600 wheels that
amounted to a total budget of approx. 4.2 min EUR. Using assumptions about number of wheels and axles
per wheelset this would imply a cost per wheelset of around 7000 EUR. It should be noted that a refurbished
wheelset would normally be cheaper and hence in the lower end of the cost range given for a new wheelset.

For freight wagons there are several types of maintenance events, that varies in terms of effort and
complexity:

e Routine safety checks (brakes, couplers, wheels).

e Periodic maintenance covering wheelset turning, brake system servicing, and minor component
replacements.

e Heavy overhaul including bogie overhaul, repainting, and structural checks.

More specifically of relevance for this impact assessment wheelset maintenance activities, include:

e Routine visual inspection (EVIC standard), checking axles, wheels, and bearings.
Re-profiling (turning wheels on a lathe):

Bearing replacement or axle work:

Full overhaul (part of bogie maintenance):

Quantitative indications about the current volume of maintenance events®? in Europe linked to wagons have
been provided by the Joint Sector Group (JSG) based on a survey among wagon keepers covering 57.2% of
the entire European freight wagon fleet®. Key survey results show that approximately 91% of all freight
wagons undergo a maintenance event within a maximum of 24 months, enabling essential components such
as wheelsets and brakes to be inspected. Moreover, maintenance events for a time horizon of 12 months
involve on average 70% of the wagons covered with a range from 34% to 100%.

Below, plausible costs ranges for the different wheelset maintenance activities are provided based on
available information:

e Light maintenance (IS1): Around 400 EUR per wheelset (excl. special delivery to location and
unavailability of wagon); visual inspection alone would be about 10 — 30 EUR per wheelset

e Medium maintenance (IS2): Around 1500 EUR per wheelset (incl. also re-profiling / turning of wheel)

e Heavy overhaul / renewal (1S3): Between 4000 and 6000 EUR

31534363-2025 - Result - TED

32 Maintenance events in the JSG survey include stationary and mobile interventions
commissioned by the wagon keeper / ECM, and maintenance performed under the GCU

33 JSG made the survey results available on the 5" of December 2025.
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C. Incidents involving wheels / wheelsets and consequences

As part of the Common Safety Indicators (CSls) information is gathered on several precursors that are
reported annually by the National Safety Authorities to the Agency. Of relevance for this JNS are the following
two types of precursors:

e Broken wheel on rolling stock in service
e Broken axle on rolling stock in service

In the case of broken wheel on rolling stock the following should be included in the annual CSI statistics from
the NSAs:

e Defects - Fractures (complete separation of the material) having caused an accident;

e Defects - Fractures or cracks identified during pre-departure checks of a severity to exclude the rolling
stock from running;

e Defects - Fractures or cracks detected on the wheel of train-sets in operation of a severity to exclude
the rolling stock from running

However, Defects - Fractures or cracks detected in workshops during planned maintenance operations
should be excluded.

In the case of broken axle on rolling stock in service the following should be included in the CSl statistics from
the NSAs:

e Defects - Fractures (complete separation of the material) having caused an accident;

e Defects - Fractures or cracks identified during pre-departure checks of a severity to exclude the rolling
stock from running;

e Defects - Fractures or cracks detected on the essential parts of the axle of train-sets in operation of a
severity to exclude the rolling stock from running;

However, Defects - Fractures or cracks detected in workshops during planned maintenance operations
should be excluded.

The latest data on these precursors from 2023 and 2024 for the EU Member States + Norway, Switzerland
and Channel Tunnel show the following:

e Total number of broken wheels in 2023: 17
e Total number of broken wheels in 2024: 12
e Total number of broken axles in 2023: 7
e Total number of broken axles in 2024: 8

For broken wheels it should be noted that the latest numbers are substantially reduced compared to the
period from 2006-10. On average some 140 broken wheels were reported during that period.

Evidence on the number of unintended brake applications in European rail freight was gathered in the
context of the JNS NP on Consequences of unintended brake applications with LL block34. In 2021 there was
a cluster of fixed brakes incidents for freight wagons in Italy. Many of the wagons were equipped with LL
brake blocks made of organic composite material. In some events, LL brake blocks did not dissipate
sufficiently to avoid secondary damages (e.g. fires along the track and wheel damages). Moreover, additional
incidents were reported to ERA totalling 19 cases, of which 15 defined as ‘relevant’: 6 cases with
extraordinary wheel tread deformation and fire, 5 cases with fire only, and 4 cases with extraordinary wheel
tread deformation only. Regarding these cases, the JNS TF pointed out the main observations from the
analysis of the 19 cases: all kind of different wagons involved (cases all over Europe); no relation to the

34 INS NP LL brake blocks Final report v2.0.pdf
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season; all incidents occurred with 100 km/h trains; no relation to the geography (gradient, slope, etc.) of the
track (braking occurred on level tracks or on slopes and gradients). The issue of unintended brake applications
with LL blocks is linked to the risk of broken wheels and therefore, the RCMs defined by the JNS report is of
relevance to the current JNS on Broken Wheels. These RCMs (if properly implemented) could reduce the risk
of broken wheels.

Moreover, the JNS is also receiving information from stakeholders about cases with broken wheels or cracks
through the whole rim or web thickness, incl. for BAOO4 and comparable wheel types. An important
consideration is the extent to which reported cases are comprehensive. Further information is available in
Section 1.2.

As such the impact assessment should also consider the costs associated with railway accidents / incidents
and hence the benefits resulting from avoiding accidents, e.g. linked to new / updated risk control measures.
The economic Common Safety Indicators provide annual data about the costs of accidents across the EU
Member States + Norway, Switzerland and Channel Tunnel. These data are available on the Agency’s website
and included in the Agency’s statutory reporting concerning safety and interoperability. The latest Biennial
report on Safety and Interoperability form 2024 shows that the total costs of accidents amounted to about
4 bln EUR per annum (based on 2022 data). Considering that there were some 1569 significant accidents in
2022 an average cost per accident would be 2.6 min EUR. Accordingly, every significant accident prevented
would represent a benefit of 2.6 min EUR. Obviously, the Gotthard tunnel accident in 2023 was substantially
more costly (see Section 1.2), due to damage costs on (tunnel) infrastructure, rolling stock and lost traffic
during the period when the tunnel was closed.

Complementary insights into the benefits linked to preventing railway accidents are provided by the
estimated statistical value of preventable fatalities / casualties (VPF and VPC). The VPF measures the
aggregate willingness to pay for typically very small reductions in individual risk of death (which, realistically,
is what most safety improvements offer at the individual level). This reflects people’s normal approach to
risks which they face in everyday life, where they trade off cost or convenience against real, but very small,
risks. A similar definition for VPC is available in the Agency’s implementation guidelines for the CSI*®. In
particular, in that guide the following values are provided for the VPC for fatalities, serious injuries and minor
injuries:
e VPC for fatality: 3,273,910 (€ 2016)

e VPC for serious injury: 498,591 (€ 2016)
e VPC for minor injury: 38,514 (€ 2016)

D. Multimodal perspectives

Multimodal perspectives are of importance for the assessment of the implications of the measures re. broken
wheels as there could be a risk of increased external costs of transport due to higher costs of rail freight and
a consequent shift of traffic from rail to road. Several elements will determine the extent to which such a
modal shift would happen and what the consequences on external costs would be. Firstly, the extent to which
cost increases are passed on to the customers in terms of higher rail freight rates would be a key factor.
Secondly, how responsive customers are in terms of shifting from rail to road (i.e. how many tonne kilometres
would change mode from rail to road) would be of relevance. Thirdly, given the amount of transport volume
shifted from rail to road the impact on external costs would be determined by the difference in costs per
tonne kilometre for road and rail respectively.

The extent to which railway undertakings can pass cost increases to customers can be explored using price
elasticities. Typical ranges for price elasticities will depend on the market segment / goods transported. As

35 European Union Agency for Railways (2023) Implementation guidance for CSls.pdf
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such, the higher the elasticity (price-sensitive) the more limited would be the extent of pass-through rate. In
general bulk transport are expected to be less price-sensitive than intermodal transport (considering the
extent to which alternatives exist). For example, if the elasticity would be around 1.5 the resulting pass-
through rate of cost increases would be about 65%, while an elasticity of 2 would imply a pass-through rate
of 50%. Figure A5 provides an overview of price-elasticity estimates of rail (freight) demand in Europe. The
values recorded in the Figure would suggest a typical range for elasticities of about 0.8 and 1.3, implying a
pass-through rate of close to 100% depending on the market segment concerned.

Figure A5. Price-elasticity estimates of rail demand in Europe
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A recent overview of the responsiveness of different freight transport modes in terms of shifting to another
mode due to a change in cost (price in another mode) is available in an OECD report from 2022%. Table A2
provides the main information of relevance for the impact assessment showing the so-called cross-price
elasticities. According to the table an increase in rail freight rates of 10% would typically result in an increase
in road freight transport in the interval between 1% and 5% (considering that the range for the cross-price
elasticity for road in response to a change in rail freight rates would be in the range from 0.1 to 0.5).

36 DG COMP (2023) Impact assessment support study for the review of the Community guidelines on
State aid for railway undertakings
37 OECD (2022) Mode choice in freight transport
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Table A2. Overview of price-demand cross-elasticities for freight transport modes

2026 Impact Assessment

Cost Demand
Road Rail Inland waterways Short sea shipping
Road Oto-1.2 0.4to1.7 0.3t0 0.9 0.2to 1.1
Rail 0.1to 0.5 Oto-1.6 0.21t00.8 0to0.3
Inland waterways 0.1 0.2t0 0.9 -0.4t0-1.3
Short sea shipping 0.1t0 0.3 0to-1.8

Source: OECD (2022)

It should be noted that these elasticity values also implies that 10% increase in rail costs does not translate
into a 10% shift to road considering that road and rail are not perfect substitutes. Some of the rail traffic will
continue albeit with smaller margins while other rail traffic would be cancelled either temporarily or

permanently.

As for information about external costs per tonne kilometres for different modes of freight transport the
most recent European wide is the study undertaken by CE-Delft for the European Commission (CE-Delft,
2019)%8. The following external costs are considered in the CE-Delft study: accidents; air pollution; climate
change; noise; congestion; well-to-tank emissions; habitat damage; other external cost categories (e.g. soil
and water pollution). Table A3 provides an overview of external costs for different modes of freight transport.

Table A3. Average external costs 2016 for EU28 freight transport by cost category and transport mode

Freight Transport
Road Rail IWT
LCV-petrol LCV-diesel HGV - total Electric freight Diesel freight Inland vessel
Cost category €-cent/vkm €-cent/vkm €-cent/tkm €-cent/tkm €-cent/tkm €-cent /tkm
Accidents 4.1 4.1 1.3 0.1 0.1 0.1
Air Pollution 1.2 3.4 0.8 0.0 0.7 13
Climate 2.6 2.8 0.5 0.0 0.2 0.3
Noise 1.1 1.1 0.5 0.6 0.4 nfa
Congestion** 11.6 11.6 0.8
Well-to-Tank 0.8 0.8 0.2 0.2 0.1 0.1
Habitat damage 0.9 0.9 0.2 0.2 0.2 0.2
Total 22.3 24.7 4.2 1.1 1.8 1.9

Source: CE-Delft (2019), Table 71

Overall, these values demonstrate the significant difference between external costs for road and rail. Looking
at HGV total average external costs per tonne kilometres is about twice as high compared diesel rail freight
and 4 times higher than electric rail freight.

38 CE-Delft (2019) Handbook on the external costs of transport
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Annex 1. Summary of questionnaires and bilateral meetings

As part of the impact assessment a questionnaire was distributed to the JNS TF members along with follow-
up bilateral exchanges. A total of 15 completed questionnaires were provided by TF members from RUs,
ECMs, Keepers and NSAs. Some 10+ bilateral exchanges were also organised that allowed the respondents
to provide more insight into their answers and complementary information. Overall, the combination of
guestionnaire and bilateral exchanges worked well in terms of improved understanding of the issues involved
in connection with the Swiss measures along with possible alternative / complementary measures with
particular focus on the extent to which risks are sufficiently controlled, lowest cost impact, consideration to
safety gains and the possible adverse impacts associated with higher costs of rail freight operation in
competition with other modes.

Surveys with a more quantitative angle could explore the extent of efficiency and effectiveness associated
with the JNS Broken Wheels (similar to what was undertaken for the JNS on unattended brake applications,
see the main text of the report for further information and Annex 4 for an overview of the scope of the survey
along with results of particular relevance for the JNS Broken Wheels). This could complement well the
qualitative survey considered here.

Questionnaires

e A total of six questions were included in the questionnaire. Details of these questions are provided in
Annex 2.

e The questionnaire was distributed to all the JNS Task Force members by email covering a range of
stakeholders from sector and authority side

e Qverall, the responses received reflected similar positions albeit with certain variations between
organisations.

e In particular, concerning the first question about whether the Swiss measures controlled the risk
sufficiently and at the lowest cost impact none of the respondents chose answer A (risks are controlled
sufficiently and costs are at their lowest).

e On the other hand, 8 respondents chose answer B, while 5 respondents chose answer C and 1
respondent did not select any of the available options.

e Respondents also provided specific indications on their view on the importance of each of the different
measures put forward by NSA CH along with suggestions for alternative / complementary measures

e As for the impact of the expected cost increase on rail freight volume a majority of respondents
indicated that it would result in a shift from rail to road (10 respondents out of 14); while 7
respondents considered that volume would be permanently cancelled; 6 respondents selected
temporarily or partly cancelled. Only 1 respondent expected that the rail transport volume would not
be affected.

e [t should be noted that a number of respondents selected more than one option

Bilateral meetings

e The bilateral meetings were structured around the topics covered in the questionnaire allowing
respondents to elaborate on their answers as well covering additional information (e.g. on the
perceived costs associated with the measures put forward by NSA CH and alternative /
complementary measures)

e The time allocated to these meetings were in general about 30 minutes to capture the key points of
the respondents without taking up too much time

e These bilateral meetings allowed an improved understanding of the answers provided in the
questionnaire
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Annex 2. Questionnaire

Questions for Members of the JNS TF on Broken Wheels and Gotthard Tunnel

Please indicate here your name:

Please indicate here your organisation:

Please indicate here your email-address for any follow-up exchanges:

The survey is completely anonymous, but feel free to indicate the name of your company if you are interested
in follow-up activities. Your personal data is processed in accordance with Regulation (EU) 2018/1725 of the
European Parliament and of the Council of 23 October 2018 on the protection of individuals with regard to
the processing of personal data by the Union institutions, bodies, offices and agencies and on the free
movement of such data, and repealing Regulation (EC) No 45/2001 and Decision No 1247/2002/EC
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Q1. Could you indicate your expectations concerning the extent to which the NSA CH measures are controlling
the risk sufficiently and if they have the lowest negative cost impact?
a [J Measures control the risk sufficiently and have the lowest cost impact

b. [J Measures control the risk sufficiently, but alternative measures also control

the risk sufficiently and have a lower cost impact
c. [J Measures do not control the risk sufficiently

Any additional details about the reasoning behind your answer to this question can be provided in the text
box below. In particular, in case you have selected as answer either b. or c. above we would appreciate any
information about what the alternative / complementary measures would be and to which of the 4 measures
from NSA CH these concern.

Measure 1: Thermal stability

Measure 2: Minimum wheelset diameter

Measure 3: Forced technical wagon inspection

Measure 4: Sound test / Hammer test

Complimentary measures
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Q2. Would you have any information (quantitative or qualitative) about the order of magnitude of expected
safety gains associated with each of the four measures from NSA CH? (please use the text below for your
answer)

Measure 1: Thermal stability

Measure 2: Minimum wheelset diameter

Measure 3: Forced technical wagon inspection

Measure 4: Sound test / Hammer test

Complimentary measures
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Q3. Could you share any other observations about the measures proposed by NSA Switzerland or
alternative/complimentary measures? (please use the text box below for your answer)

Measure 1: Thermal stability

Measure 2: Minimum wheelset diameter

Measure 3: Forced technical wagon inspection

Measure 4: Sound test / Hammer test

Complimentary measures
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Q4. From your experience if the proposed measures would result in an increase in costs of rail freight
operations to what extent will transport volume be retained, cancelled or shifted to another mode?

Transport volume on rail will not be impacted
Transport volume on rail will be permanently cancelled

Transport volume on rail will be temporarily or partly cancelled

Q 0 T 9
L oOn

Transport volume will be shifted to another mode

Please use this text box to elaborate on your answers (e.g. proportion of traffic that will be retained,
cancelled, shifted). In the text box you could also detail out any reflections on the geographical dimensions
of the changes in traffic volume.
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Q5. Would you have any other comments to put forward on these topics. Please use this text box to elaborate
on your answers.

120 Rue Marc Lefrancq | BP 20392 | FR-59307 Valenciennes Cedex 42 /61
Tel. +33 (0)327 09 65 00 | era.europa.eu



EUROPEAN UNION AGENCY FOR RAILWAYS 2026 Impact Assessment

Q6. Would your organisation be interested in having a bilateral meeting to discuss the issues about the
impacts of the proposed measures and any alternative measures

O Yes
O No
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Annex 3. Key recommendations from ECM ex-post evaluation in relation to the JNS BW

In 2024 the Agency addressed for the first time a report® to the European Commission (EC) on the
implementation of Commission Implementing Regulation (EU) 2019/779 laying down detailed provisions on
a system of certification of entities in charge of maintenance of vehicles pursuant to Directive (EU) 2016/798
as amended by Commission Implementing Regulation (EU) 2020/780 (hereinafter, the ‘ECM Regulation’),
which established a system of mandatory certification of entities in charge of maintenance (ECM) for all rail
vehicles as well as set out the requirements to be met concerning the maintenance functions. Next edition
of this report is due in 2027. Several recommendations were put forward in the report:

e Encouraging an amendment of the ECM Regulation,

e Suggesting new RfUs to be adopted by the cooperation of ECM Certification bodies,

Proposing amendments to the Agency’s ECM guide,

Proposing a more balanced application of the ECM Regulation across MSs,

Promoting the organisation of professional training by the Agency for all stakeholders,

Promoting the consolidation of existing data collection and analysis and the design and
implementation of additional ones for monitoring and supervision purposes of the ECM Regulation
implementation by the Agency,

e Proposing a new TSI Maintenance to address the main needs of actors in a systemic way.

Of particular relevance to the JNS Broken Wheels work it is important to recall in detail the following
recommendation:

Gathering information from stakeholders to design dedicated indicators for monitoring and supervising
purposes (List of the main headline indicators):

e Qverall level of correct implementation of the Regulation including the possible national peculiarities
and the unbalanced application of the ECM Regulation across MSs stated by some railway
stakeholders.

e Number of identified major non-compliances with the certification requirements per country and per
application,

e QOverall level of correct exchange of data between the main actors,

e Qverall level of harmonisation of the requirements for ECMs concerning the SCCs,

e QOverall level integration of the safety management system and the maintenance management
system.

39 First ex-post evaluation report on ECM Regulation.pdf
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Annex 4. Survey on RCM effectiveness from JNS NP Unintended Brake Applications

% .| Monitoring the effectiveness of the JNS RCMs - survey
é AGENCY Background and Goal

JNS Normal Procedure “Consequences of unintended brake applications with LL blocks” (JNS LL BB)
 Started: early February 2021
* Status: closed on March 5%, 2024

* QOutcome: Final Report, including Light Impact Assessment « Foresight scanning

. Identigingemergingissues

Agenda setting

Follow-up action of the JNS LL BB procedure:

= (risisresponse
* Provide feedbackor

updates
upport

L] Impact assessments

Context:

* First pilot test lead by ANSFISA (NSA Italy), in collaboration
with ERA Analysis Team, with the support of the JNS LL BB
members

* Similarities with the Gotthard broken-wheel RCMs

* Evaluate efficiency * Support& advice to

G oa | . and effectiveness regulatorybodies
* Are the introduced JNS measures applied by railway

Operators? * Independentverification

. . P

* Is their effectiveness assessed? = Methodological puidance
* Is the monitoring of the implementation of the JNS RCMs

relevant?
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~

/ ORio Method, stakeholders and timeline
s
Type of N. of % of total
Methodol ogy: operator respondents resp:nde:ts
* Semi-quantitative survey aimed at stakeholders mainly impacted by IMs: 20 11%
the RCMs ECM Wags: 41 23%
* Final questionnaire validated by JNS LL BB members EMtocs £l 1o
* Questionnaire designed using the EUSurvey platform N et b e S0%
* Distributed to JNS, NSA, NRB and ESG networks. Special effort in ’
dissemination by the NSA IT. Hished 379 100%

* Individual contributions (1 reply = 1 company) by each rail operator

Awareness
* JNS RCMs known to your company? Yes / No

* Key elements of the RCM assessment e
\\ * RCM introduced in the SMS? Yes / No
* |f yes, extent to which RCM is applied as described in JNS final report
Involved selected stakeholders: * fnot. inccae

e ther

- *a e measure that was introduced instead
* IMs, RUs, ECMs (wagons and locomotives) Ee '
* Was the effecti of the RCM I d? Yes + extent of the contribution to reduce level
of risk / No
. . Future improvement
Tl m e | | n e. + Can the RCM be implemented with additional specifications? Yes / No
* Ifyes, the reasan
* Launched 08 August 2025 & Closed 24 October 2025 Additional comments on RCM

* Data processing and analysis othe replies carried out

* Final presentation of results carried out during the follow-up meeting of the JNS LL BB procedure in May
2026

* Next steps and follow-up activities on going

r
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~ 0
5 EhagRe

AGENCY Preliminary findings: general awareness of JNS LL BB RCMs

FOR RAILWAYS

Are the results of JNS Urgent and Normal Procedures on "Consequences
of unintended brake applications with LL blocks" known to your company?

Type of actor JNS UP and NP known JNS UP and NP unknown
IMs: 55% 45%
ECM wagons: 88% 12%
ECM locomotives: 89% 11%
RUs: 87% 13%

There is the possibility to do follow-up with respondents that indicated availability.
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FOR RAILWAYS

2026 Impact Assessment

Overview for IMs

The text in the Table shown in each cell reflects the ‘predominant’ answer in the survey

Introduced in SMS
RCMs
Yes/No
RCM 1
RCM 2
RCM 3

Introduced as
defined by JNS
Yes/No

1-GOOD: Satisfactory results

2 — MODERATE: Acceptable results, but requires attention

3 - POOR: Unsatisfactory results
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Used
alternative
measure
Yes/No

Effectiveness was
evaluated
Yes/No
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~ 3
/ DNION. Overall evaluation of JINS RCMs for IMs

AGENCY
FOR RAILWAYS

* Infrastructure Manager (IM) Profile

* Sector Focus: Primary interest of IMs involved in dangerous goods transport = mainly linked to fire
propagation to loads.

* Network Scale: Strong concentration within small to medium-sized networks (100 km — 9,999 km).
 Application of Risk Control Measures (RCMs)
* Standard Implementation: Highest implementation levels for RCM2 and RCM3 within SMSs.
* Effectiveness Rating:
* Around half of respondents positively evaluated the effectiveness of the three RCMs.

* Challenges include managing effectiveness assessments or the presence of pre-existing measures
that complicate evaluation

* Risk Reduction: No respondents reported ‘no contribution’ to risk reduction across all participants.
* Strategic Conclusions

* Application Refinement: Priority should be on improving effectiveness evaluation and application rather
than further developing the measures themselves

* Operational Synergy: Close cooperation between IMs and RUs is essential for monitoring and
effectiveness evaluation.
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B 1-GOOD: Safisfactory results The text in the Table shown in each cell reflects the ‘predominant’

2 ELOREAN 2 —MODERATE: Acceptable results, but reg attention answer in the Suwey

UNION 3 POOR: Unsatisfactory results Over\fiew for ECM wagons

AGENCY
FOR RAILWAYS

Introduced in MMS Introduced as defined by JNS L At Effectiveness was evaluated | Further improvement of JNS

measure
Yes/No Yes/No Yes/No Yes/No RCMs

RCM 5

RCM 6

RCM 7

RCM 8

RCM 9

RCM 10

RCM 11

RCM 12
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[ |
oaion Overall evaluation of JNS RCM for ECMs wagons (1/2)
ﬁﬁ%ﬁmgons Profile

. AN\

Sector Focus: Strong participation from operators involved in the transport of dangerous goods (58% of
respondents).

* Network Scale: Operations primarily concentrated within a single Member State (24 ECMs).

« Staff Size: Predominance of small to medium-sized entities, with over 50% employing fewer than 30 staff
members.

 Application of Risk Control Measures (RCMs)

e Standard Implementation: High RCM integration rates within Maintenance Management Systemes,
particularly for RCM 12 (90%) and RCM 8 (88%).

* Implementation Barriers (RCM 10 and RCM5): Lowest adoption rates (80% «N» for RCM10 and 49% for
RCM5):
* RCM5 =» due to lack of standard harmonisation EN 14198 (see action 7 of the LL BB JNS follow-up
activity)
* RCM10 = due to technical incompatibility with existing fleets (measure is suitable for new vehicles)
and the risk of indicators being ignored by drivers.

* Pre-existing Practices: Many measures (RCMs 7, 8, 9) were already standard practice under VPI regulations
or long-standing national applications prior to JNS recommendations.
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~ 3
/ oaion Overall evaluation of JNS RCM for ECMs wagons (2/2)

AGENCY
FOR RAILWAYS

* Effectiveness Rating and Evaluation
 Positive Assessment: Effectiveness evaluation exceeds 70% for most adopted measures.

 Evaluation Challenges: Difficulty in assessing the impact of certain RCMs (e.g., RCM 2, 4) because they
were already in place.

* Strategic Conclusions and Operator Feedback

* Regulatory Alignment: Need for better harmonization between TSI WAG, EN standards, and the GCU
agreement.

* Application Refinement (RCMs 1, 5, 11): Need to update EN 15877-1 (wagon marking) and EN 14198
(air quality) standards to ensure harmonized application across Europe.

* Prevention (RCM 7): Recommended use of plastic bushings, stainless steel bolts, or sealed compact
brake units to prevent brake rigging from sticking, especially in corrosive environments.

* Operational Synergy (RCM 1): Importance of establishing «best practices» for RUs, such as emptying
the main reservoir after isolating distributors.

* Information Flow (RCM 4): Noted lack of communication between brake component manufacturers
and ECMs regarding maintenance rules.
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2]
EUROPEAN Overview for ECM locomotives

UNION
AGENCY
FOR RAILWAYS

\\\

The text in the Table shown in each cell reflects the ‘predominant’ answer in the survey

Introduced in | Introduced as defined by al:li:?native Effectiveness was | Further

RCMs MMS INS Aaasura evaluated improvement of JNS
Yes/No Yes/No Yes/No Yes/No RCMs

RCM 1

RCM 2

RCM 3

RCM 4

1-GOO0D: Satisfactory results

2 — MODERATE: Acceptable results, but requires attention

3 - POOR: Unsatisfactory results

120 Rue Marc Lefrancq | BP 20392 | FR-59307 Valenciennes Cedex 53/61
Tel. +33 (0)327 09 65 00 | era.europa.eu



EUROPEAN UNION AGENCY FOR RAILWAYS 2026 Impact Assessment

~ 3
/ ORI Overall evaluation of JNS RCM for ECMs locomotives (1/2)

AGENCY
FOR RAILWAYS

* Locomotive ECM Profile

* Network Scale: Highly concentrated operations, with 65% of ECMs having workshops in only a
single Member State.

« Staff Size: Diverse workforce distribution, with a majority having between 31 and 500
employees (15 ECMs).

» Application of Risk Control Measures (RCM)

 Standard Implementation: Moderate integration within Maintenance Management Systems for
RCM 2 and 3 (56%), while RCM 4 (antifreeze) shows the lowest adoption (67% "No").

* Implementation Barriers: RCM 1 (assimilation function) is often considered non-applicable as it
is limited to new locomotives by EN standards and covered by driver training.

* Pre-existing Practices: Most measures were already part of the maintenance plans or deemed
unnecessary due to existing locomotive designs.

* Lack of harmonisation for RMC3 and RCMA4.
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~ 3
/ ORI Overall evaluation of JNS RCM for ECMs locomotives (2/2)

AGENCY
FOR RAILWAYS

 Effectiveness Rating and Evaluation

* Positive Assessment: Effectiveness evaluation reaches 67% for RCM 1 for those who implemented it, though many
report the measures were already in force before the JNS report.

* Evaluation Challenges: Frequent lack of evaluation due to full compliance with pre-existing standards (EN 14198 or
TSI LOC&PASS) and long-term use of these systems (over 50 years in some cases).

* RCM 4 Observations: Widely considered non-applicable because modern braking systems use dry air and do not
require antifreeze liquids.

* Strategic Conclusions and Operator Feedback

* Application Refinement: Strong recommendation to make the "assimilation with memory" function (RCM 1)
mandatory for all newly manufactured freight locomotives.

* Harmonization Gaps: Need to update the EN 14198 standard as harmonized air class quality specifications for
maintenance are currently missing.

* Operational Synergy: ECMs highlight a lack of information flow from Railway Undertakings (RUs) regarding blocked
wagon brakes, complicating the assessment of locomotive-related impacts.

* Maintenance Plans: Reliance on Original Equipment Manufacturer (OEM) maintenance plans is seen as sufficient to
manage risks.

* Communication Awareness: Informal exchanges reveal a lack of awareness among locomotive manufacturers
regarding the necessity of implementing JNS recommendations.
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2 s Overview for RUs (1/2)

AGENCY
FOR RAILWAYS

Introduced in SMS Introduced as defined by JNS :::;:r’"‘““ Effectiveness was evaluated | Further improvement of JNS

Yes/No

Yes/No Yes/No Yes/No RCMs

RCM 5

RCM 6

RCM 7

RCM 8

RCM 9

RCM 10

1-GOOD: Satisfactory results

2 - MODERATE: Acceptable results, but requires attention

3 - POOR: Unsatisfactory results
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~H
Z Sl Overview for Rus (2/2)
FOR RAILWAYS

Introduced in SMS Introduced as defined by JNS :s:ad’::zemaﬁve Effectiveness was evaluated | Further improvement of JNS

Yes/No

RCMs

Yes/No Yes/No Yes/No RCMs

RCM 16

RCM 17

RCM 18

RCM 19

1-GOOD: Satisfactory results
2 - MODERATE: Acceptable results, but requires attention

3 - POOR: Unsatisfactory results
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~ 3
Z oaion Overall evaluation of JNS RCM for RUs (1/2)

AGENCY
FOR RAILWAYS

* RUs (Railway Undertaking) Profile
 Sector Focus: High concentration in dangerous freight transport (87%)

* Network Scale: Operations are primarily localized, with 55% of RUs operating in a unique
Member State, though 80% operate at borders.

* Activity Level: Diverse traffic volumes, with the largest group (42%) producing less than 1
million train km per year.

» Application of Risk Control Measures (RCM)

» Standard Implementation: Broad integration into Safety Management Systems (SMS), with
adoption rates exceeding 80% for RCMs 1, 7, 14, 15, 16, 17, 18.

* Implementation Barriers: RCM 4 (antifreeze) shows the lowest adoption (84% "No"), as
many RUs operate outside extreme winter conditions or use systems where antifreeze is
technically impossible or forbidden.

* Pre-existing Practices: A significant number of RUs report that measures were already
implemented in their rulebooks or staff training long before the JNS publication.
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~n
Z GhioN Overall evaluation of JNS RCM for RUs (2/2)

AGENCY
FOR RAILWAYS

» Effectiveness Rating and Evaluation

 Evaluation Challenges: Around 40% of RUs have not evaluated effectiveness, often because the lack of
digital monitoring on wagons makes it "guesswork" to determine the exact cause of brake failures.

* Impact of LL-Blocks: RUs highlight that LL brake blocks are less noticeable to drivers when fixed (lower
friction, no sparks/noise), which complicates detection compared to cast-iron blocks.

* Human Factors: Partial effectiveness is frequently attributed to human error or the complexity of applying
manufacturer-specific processes in the field.

* Strategic Conclusions and Operator Feedback

» Technical Improvements: Strong advocacy for making "assimilation with memory" (RCM 1) mandatory for
new locomotives in the TSI to limit human factors.

* Field Practices: Recommendation to formalize the emptying of the main reservoir after isolating
distributors as a standard "best practice" (RCM 5).

* Infrastructure & Tools: Demand for mandatory European-wide trackside detection systems (RCM 15) and
criticism of "poor measures" like using telescopic sticks/hammers to check brakes on some kind of wagons.

* Communication & Harmonization: RUs report lack of awareness regarding JNS publications, suggesting that
National Safety Authorities (NSAs) should coordinate translations and notifications.

» Data Sharing: Proposal for a centralized European database for wagon damage reports (e.g., wheel
overheat) to help RUs and wagon keepers forecast abnormal variations.
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Annex 5. Complementary explanations for estimated RCM costs

A. Introduction

This annex outlines how the cost estimates for the estimated RCM costs have been put together for Options
1 and 2. The focus is on the costs incurred by the sector directly linked to the RCMs, while the external costs
are not discussed further here (essentially the external cost estimation follow an identical approach as used
in the FIA from December 2025). Moreover, for the safety benefits associated with the proposed RCMs the
analysis put forward is indicative without the need for additional explanations considering the limited
information available. Costs of RCMs included in the estimation focussed on visual inspections linked to new
mileage-based requirements (Options 1 and 2)

B. Inputs

The costing of the mileage based visual inspections involve the following elements:
e Number of actively used wagons
e Percentage of wagons in scope per annum
e  (Costs per visual inspection event

The following assumptions are used for the elements:

e Number of actively used wagons in Europe: 400000 (note EVR has a total of 650000 registered
wagons)

e Based on available information about maintenance events it is assumed that the percentage of
wagons in scope per annum could realistically be 15%. Complementary simulations have been
undertaken using the following values: 5%, 10%, 20% and 25%

e  (Cost for visual inspection events considers 1) Only labour costs; 2) Labour costs along with
unavailability of wagon and transport of wagon to workshop.

e QOverall, the labour costs per visual inspection are assumed to be in the range from 50 EUR to 300
EUR. With inclusion of costs for unavailability of wagon and transport of wagon to the workshop the
total unit costs would be in the range from about 600 EUR to 900 EUR.

e |tis assumed that under Option 1 for 90% of the visual inspections there would be costs for
unavailability / transport of wagon to workshop (because the wagon is not already in the
workshop). For Option 2 it is assumed that this would concern 50% of the visual inspections.

C. Outputs
Based on the inputs outlined above the following cost estimates were obtained:

e (osts for visual inspections:
o Option 1:
= [abour costs only: 16.2 min EUR per annum
= [abour costs, unavailability and transport: 52 min EUR per annum
= Total cost estimate: 48.6 min EUR
o Option 2:
= [abour costs only: 3.6 min EUR per annum
= [abour costs, unavailability and transport: 39.6 min EUR per annum
= Total cost estimate: 21.6 min EUR per annum
e Total costs
o Option 1: 48.6 min EUR per annum
o Option 2: 21.6 min EUR per annum
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