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1. Introduction

With the adoption of the European Green Deal and the European Climate Law, the European
Union (EU) has set targets to reduce emissions by at least 55% below 1990 levels by 2030, and
to achieve climate neutrality by 2050. With over 28% of the EU’s emissions coming from the
transport sector, railways are critical to decarbonising transport, especially for short and medium
distances.

The decrease in transport emissions in 2020 due to the COVID-19 pandemic belies the sector’s
development in the EU over several years. In fact, the amount of goods transported by rail
between 2012 and 2019 increased by almost 2% for the EU countries for which data is available,
the number of passengers by 14%, goods transported by road by 8% and the number of air
passengers by 40% (Eurostat, 2022a, 2022b, 2022c, 2022d). Likewise, the impact of the
pandemic was unevenly distributed among the different modes, with rail experiencing larger
decreases for both freight and passenger travel than road.

Facilitating the modal shift towards rail for both passenger and freight transport would greatly
contribute towards emissions reductions in the EU’s transport sector. High-speed rail (HSR) in
particular has significant decarbonisation potential, with up to 90% fewer emissions compared to
driving or flying (Chen et al., 2021). The International Energy Agency’s (IEA) Future of Rail report
highlights the potential benefits of investing heavily in all forms of rail travel, including metros
and trams. For instance, greenhouse gas (GHG) emissions in a scenario with high rail-use would
be reduced by 2.1 GtCO2e 2050 compared to the current baseline, and there are lower particulate
matter emissions, less energy demand, and decreased congestion (IEA, 2019). And while the
required infrastructure investments are substantial, they can unlock the value of land surrounding
railroads and stations, and reduce expenditure for fuel and road/parking infrastructure, making
rail a more attractive investment.

Unfortunately, the EU is not fully utilising the potential of railways. This is broadly reflected in the
financing and infrastructure investments for transport: between the years 2000 and 2018, the EU,
UK, Norway, and Switzerland collectively invested more in road infrastructure (EUR 1341 billion)
than in rail (EUR 843 billion) (Schmidt & Curic, 2021).

Within the EU, the development of transport links between member states is financed through
the Cohesion Fund (CF) and the European Regional Development Fund (ERDF). For the financing
period between 2014 and 2020, EUR 33.7 billion was allocated for roads, while EUR 19 billion was
for rail.

There is no blueprint or historical precedent for the energy transition. But the EU can learn from
other countries that have already taken steps towards transformative change across multiple
sectors. While many experiences cannot be directly transferred to the EU’s circumstances, it is
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possible to understand the mechanisms that have worked in other countries and regions, and the
enabling conditions that have allowed them to function.

This report looks at how Japan and Switzerland improved their railway systems, and what learning
lessons can be applied to the EU context. This is a condensed version of a longer-form report
entitled What can the EU learn from non-EU countries on its path to climate neutrality?.

2. EU railway policy: challenges and alternatives

While the EU is making some headway towards increasing the share of rail transport, particularly
through committing greater funds to infrastructure development, it is not nearly enough to elicit
the transformative modal shift that is necessary to effectively decarbonise the sector. In addition
to there being more funding for the construction of roads than railway lines, the EU is facing a
decline in active rail lines: between 2012 and 2019, the total length of serviceable rail lines
decreased by more than 2000km.

The following deficiencies and challenges can be highlighted in the current state of EU railway
policy-making:

1. There is no possibility of a top-down approach to mandate or implement the construction
of railway infrastructure. Likewise there isnt a system to design a network of
transboundary long-distance trains and bring them into operation (Treber, 2022). The
European Railway Agency’s (ERA) mandate relates solely to the certification of train
safety and the implementation of the European Rail Traffic Management System
(ERTMS), but the member states are responsible for the construction of infrastructure,
and decisions on how and when to spend European infrastructure funding. This leads to
a prioritisation of national interests over international ones (Witlox et al., 2022).

2. The fragmentation of EU railways policy to the national level leads to severe coordination
and compatibility issues. The lack of a common language and differing technical train
protection and control systems are but one side of the problem of interoperability. EU
passengers are unable to book travel that requires multiple connections across various
providers, whereas booking a plane ticket across multiple stops and providers usually
requires just one stop. There are also few cross-border connections with a through-train
service, requiring passengers to switch trains when crossing borders and reducing the
convenience of such a journey, particularly when navigating different rail systems of
neighbouring EU member states (Witlox et al., 2022).

3. The amount of public funding available is insufficient to effect the transformative change
necessary for decarbonisation. The Connecting Europe Facility (CEF) only has EUR 26
billion available for railways for the period 2021 to 2027, and the EUR 85 billion for railway
infrastructure in the framework of the Recovery and Resilience Fund (RRF) has to be
spent by 2026, resulting in a focus on short-to-medium-term improvements.

4i-TRACTION Railways development: lessons for the EU 5



l‘ TRACTION innovation-investment-infrastructure-integration

4. EU member states are progressing at varying speeds: Poland makes greater use of the
CEF for railway projects than any other member state, at EUR 6.3 billion for the 2014 to
2020 period (Schmidt & Curic, 2021). However, there are no minimum targets set for
individual member states.

A need exists for a unified, top-down approach in railway governance at the EU level which can
set rules and targets, both for infrastructure development and harmonisation of the sector from
an operability and customer-facing perspective. There is also a need to provide requisite public
financing for rail infrastructure, increase the share of rail in the modal mix, and decarbonise the
transport sector faster.

3. Railway privatisation in Japan

Japan’s railway system is managed by a privatised approach, very much different to that of the
EU. Companies function along the lines of market-based competition, working towards the
integration of infrastructure, management and train operation. Since the 1980s, privatisation of
state-owned enterprises has been a global practice, with the goal of improving their performance
and profitability coming with mixed success. It was against this background that the pressure to
privatise the state-owned Japan National Railways (JNR) took place.

In April 1987, JNR was privatised, and the passenger section was divested into six regional joint-
stock companies, with the government retaining a significant ownership stake. The distribution of
roles was made based on the geography and functions, and conducted in a way that would ensure
provision of high-quality transport services (Tomikawa & Goto, 2022). As opposed to the railway
privatisation experiences in Europe, there was no separation of infrastructure and operation,
which allowed these different enterprises to use their assets for the diversification of its business
lines (Kim & Huang, 2019).

The Japanese approach to railway privatisation had six distinguishing features:
1. horizontal separation (or regional subdivision),
2. functional distinction (or passenger-freight distinction),
3. vertical integration (or operation and infrastructure integration),
4. lump-sum subsidies for low-density JRs,

5. the establishment of the Japanese National Railway Settlement Corporation (JNRSC) as
an intermediary institution, and

6. allowance of non-rail service (e.g. bus operation or real estate development close to train
stations) (Mizutani & Nakamura, 1997).
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Combined, these features allowed for a significant increase in flexibility of the railways, while
simultaneously ensuring that all regions continued to benefit from the railways’ availability. To get
there, the first step involved reducing the government’s control of the railways system. This
framework was expected to eliminate unnecessary outside interference, establish management
autonomy, and clarify management responsibility (Mizutani & Nakamura, 1997; Tomikawa & Goto,
2022).

Figure 1: Geographical division of Japanese rail companies
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After consideration of several options for separation, regional subdivision by geographical demand
was decided upon with the smaller, subdivided companies expected to meet their users’ local
needs, and to compete with each other to improve their performance (Mizutani & Nakamura,
1997). Accordingly, the JNR was divided into six vertically integrated regional passenger
companies, and a single vertically separated nation-wide freight company, JR Freight — their
business areas are reflected in Figure 1 above (Kurosaki & Alexandersson, 2018).

As a result of the privatisation, Japanese railway companies own the infrastructure, rolling stock,
and other equipment, taking primary responsibility for their finance and management, especially
regarding the procurement of new rolling stock. However, the government also plays an important
role in providing a master plan for their long-term development and creating the necessary policy
framework for railway construction by offering subsidies for the construction of new railways,
particularly within urban centres and for high-speed rail. It also ensures that the railway
companies meet high safety and security standards, and create a user-friendly railway system
(Ministry of Land, Infrastructure, Transport and Tourism, 2008).
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Discussion

The JNR privatisation and subsequent reforms resulted in Japanese railways being among the
best in the world. This is demonstrated by Japanese railways exhibiting remarkable performance
levels by international standards in terms of profitability (Mizutani & Shoji, 1997), punctuality and
track capacity usage, and customer-orientation (van de Velde, 2013). This is reflected in the high
utilisation rate, density of the railway network, reliability, and state-of-the-art character.

Japanese trains are globally renowned for their punctuality, despite tightly packed schedules and
greater track utilisation rates than their European counterparts. Over the period of 1997 to 2010,
over 95% of journeys on JR trains arrived within five minutes of their scheduled arrival time, on
average, compared to a 90% figure for the EU (van de Velde, 2013).

The punctuality of Japanese trains can be attributed, in part, to the specific character of horizontal
separation that has taken place since the privatisation of JNR. Unlike the European model of
vertical separation, whereby the operator of rolling stock has access to the railways of another
company in exchange for a fee, the Japanese model necessitates that each vertically integrated
railway is responsible for train operation only within its own network (Kurosaki, 2016). As a result,
journeys which go through multiple company jurisdictions are completed by switching conductors
at a border station. Each company is only responsible for managing trains on its own
infrastructure, meaning that conductors are familiar with the tracks on which they are running.
Further contributing to the timeliness of Japanese trains is the complete separation of HSR and
regional/local rail lines.

This system makes through-train services convenient, a frequent pain point for European
travellers who must often switch trains when crossing borders (Witlox et al., 2022). For example,
travel through the Tokyo Metro is streamlined by through-train services managed jointly with
other vertically integrated companies. HSR trains between major Japanese cities cross these
boundaries multiple times a day in either direction. Although it is difficult to make a direct
comparison between company jurisdictions in Japan and the borders between EU member states,
the Japanese system enables convenient and frequent cross-jurisdiction travel, whereas in the EU
only an estimated 7% of all rail travel is cross-border (De Feo & Ferrari, 2021).

The ease of travel across different JR regions in Japan, as exemplified by through-train services
from one region into another, lends itself to a high level of convenience for passengers and
customer satisfaction. While a streamlined regulatory environment is important to achieving high
satisfaction rates, improved regulations must be accompanied by higher investments. Financial
support from both the public and private sectors towards infrastructure improvements have
allowed Japan to expand its railways expansion as efficiently as it has. This is worth keeping in
mind for EU decisionmakers, at cross-border connections which are often not prioritised by
national governments in the EU.

Lastly, the dominance of vertically integrated rail companies has been critical to the success of
the Japanese approach. By allowing companies to own tracks and stations along with the trains,
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there is a greater incentive to make long-term investments in the infrastructure. As the companies
are more proactive in maintaining the infrastructure, regular inspections and upgrades contribute
to passengers’ overall safety.

4. Swiss railways development

The development of the Swiss railways system has been determined by five main drivers:

The Rail 2000 programme created a framework that determined the goals and general
framework for railway development in the coming decades.

Complementary ambitious infrastructure projects, some of which were not explicitly listed
in the initial Rail 2000 programme.

The necessary funding for both the implementation of the Rail 2000 programme and the
additional infrastructure projects.

Regulation to dissuade road freight came from additional charges on road freight
transport, and numerous limits and bans for this mode of transport.

Finally, decentralisation of railways governance meant that the needs of local
communities are met by rail, instead of the road network.

Figure 1: Five drivers of Swiss railways development
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In 1985, the Federal Department of Environment, Transport, Energy, and Communications
presented a draft of the Rail 2000 programme, which aimed to significantly develop the railways
infrastructure in Switzerland to make it faster, increase the frequency of the connections, and to
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make it more comfortable for passengers. To achieve these goals, the programme included,
among others, the construction of new railway tunnels at the Saint-Gotthard and Létschberg
massifs, connection to the European high-speed network, the complete noise remediation of the
trunk line network, and new financing to extend the system.

It also suggested a new timetable system for smoother connections, according to which trains
would serve stations at the same minute every hour or half hour to allow better accessibility
throughout Switzerland. This “clock-face scheduling” would minimise passenger waiting times,
provide schedule alignment, and reduce overall travel times, while allowing trains to serve more
stations (Swiss Parliament, 1986). The Rail 2000 project amounted to investments of CHF 30
billion over 20 years, making it the largest single extension and modernisation project in Swiss
rail history at the time (Desmaris, 2014; Keller et al., 2008).

To fund the infrastructure initiatives, a heavy-duty vehicle levy (LSVA) was put in place that
charges freight vehicles by their weight and distance travelled (J6rling, 2018). The rate was fixed
by the federal council and the fee could be a maximum of CHF 0.03 per tonne per kilometre
(Epiney & Heuck, 2012). A percentage of revenue from the LSVA (which generates around EUR
1.5 billion annually) is rerouted to further fund rail operations and infrastructure development.
This makes it different from the heavy-duty levies in neighbouring European countries, which
primarily route toll revenues back into road infrastructure (Jérling, 2018).

Federal railway subsidies rose during the 1990s, but stabilised between 1999 and 2008 (Keller et
al., 2008). In 2022, Swiss Federal Railways (SBB) reported net profits of almost EUR 2.5 billion
(Burroughs, 2023). In 2012, through a legislative initiative discussed in parliament, a new
simplified way to finance railway infrastructure through a single fund, the Bahn-Infrastruktur-
Fonds (BIF), was introduced as part of a proposed Financing Building of Rail Infrastructure
programme (FABI) (Federal Office of Transport, 2020).

Discussion

Swiss rail policy has succeeded in shifting more of its overall transportation from roads to railways
since the 1990s. This modal shift has achieved emissions reductions and reduced congestion on
Swiss roads. Such a shift would have been highly unlikely without the hundreds of infrastructure
expansion projects, larger wagons, and other accomplishments made under the first phase of Rail
2000. Within Phase one of Rail 2000, the average train-kilometres per day was increased by 14%,
to 337,000 kilometres, and the introduction of the hub system (which improves coordination
between different forms of transportation at strategic points) reduced travel times between Swiss
cities to 70% of their original travel time requirements in some cases (SBB, 2004).

Between 1996-2008, long-distance public transport journey times reduced by 7%, compared to
only 4% by individual vehicle transportation. This is significant as customers’ tend to have a
greater sensitivity towards train frequency and journey times in comparison with other
transportation variables (Keller et al., 2008). 8% of railway transportation growth can be
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attributed to timetable changeover from 2004-2005. The Létschberg tunnel saw a 74% increase
in passenger numbers between 1999 and 2016 and a 408% increase in goods transportation
volumes in the same time period (BLS, 2017). Furthermore, not only is the share of Switzerland’s
rail-based traffic considerably higher than the EU average, rail is already almost fully electrified
(Treber, 2017).

The strong financial support towards rail operations has contributed to successes. For instance,
Switzerland spends five times more per capita on railway than its neighbour, Germany (Wipper,
2021). Funding has been aimed towards both small and large infrastructure investments, as well
as research and assessments. The shift of revenue from road traffic to rail investment is a unique
and valuable element of transport policy that can serve as a lesson for other countries.

Though not directly related to the modal shift, it is likely that the liberalisation of rail infrastructure
helped to make rail use more attractive. The vertical integration of the Swiss system allows for
exceptional performance and is often cited as such. Other countries often praised for their rail
systems, like Japan, also have vertically integrated rail systems.

However, challenges still exist which are of direct relevance to the EU. As a landlocked country,
Switzerland is strongly affected by neighbouring countries. In 2007, 64% of freight measured in
tonnes came through the Swiss Alps via railway, in contrast to neighbouring France and Austria,
where the majority of freight was transported by road (Federal Department of Home Affairs,
2022e).

Further modal shifts are limited when neighbouring countries are not able to enforce stricter
regulations on freight road transportation or achieve as efficient services. Freight that must cross
between neighbouring countries may then require “combined transport” for most efficient
transportation costs, in which the mode of transport for cargo is offloaded from road to rail or
vice versa in its journey (Federal Department of Home Affairs, 2022e). Such a mismatch leads
some companies to avoid transportation through Switzerland or to continue with road use in
consideration of the greater journey. Greater coordination and a complementary transportation
shift within the EU would therefore accelerate not only the EU’s modal shift, but Switzerland’s as
well.

5. Lessons learned for the European Union

The identified case studies offer several lessons that could facilitate an increase in the use of
railways in the EU (Treber, 2021). These can be grouped into three main categories: (1) further
Europeanisation of railways governance; (2) increasing public funding for infrastructure
development and provision of transport services; (3) setting minimum targets for railways
development for the EU member states.

While both case studies highlight the various accomplishments of vertically integrated systems in
Japan and Switzerland, EU policy relies on the separation of infrastructure and operation with
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right-of-access laws. However, multiple aspects of Japan and Switzerland’s railways policy are
unrelated to their vertically integrated structure, and more easily replicable within the EU. Both
case studies show the impact of top-down governance on railways development. This feature is
missing in the EU.

While the European Railway Agency (ERA) has already facilitated train operations across different
countries by standardising safety and operational requirements, its role is mostly technical. The
Connecting Europe Facility does fund the development of railway infrastructure, with around EUR
26 billion for 2021 to 2027. Unfortunately, the budget is far less than what is needed to develop
the infrastructure and operate connections that are not (yet) economically viable but are
necessary for modal shift from aviation and road transport (Treber, 2021).

In the framework of the Recovery and Resilience Funds submitted by the member states, an
additional EUR 85 billion is to be invested in railways, but most of the investments are to be
executed by 2026, resulting in much needed but short-term infrastructure improvements, to the
detriment of more long-term planning.

To make European railways compatible with the bloc’s climate ambitions, the ERA’s competences
and resources should be significantly expanded. Alternatively, it could be incorporated into a new
European Railways Research, Investments, and Information Agency. Its responsibilities could
include:

= Developing more comprehensive planning of railways infrastructure, which would take into
consideration not only existing but also future mobility needs.

= Co-funding development of transboundary connections — both in terms of regional trains
as well as long-distance connections.

® Facilitating research that would allow faster decarbonisation of railways stock and
development of rapid trains.

= Ensuring better coordination between timetables for intercity connections to make
journeys across different countries more efficient, and therefore more competitive with
aviation.

= Developing a pan-European booking system that would allow seamless train booking
across the EU and, whenever possible, beyond.

The issue of funding railway infrastructure and operating unprofitable but essential connections
constitutes another lesson learnt from the non-EU case studies. In order to meet the EU’s “climate
neutrality” goal, a massive modal shift from intra-EU aviation and road transport is needed. This
can only be realised through significant infrastructure investments — ones which not only take
current needs into account, but also satisfy (and promote) future demand. Such investments need
to be covered to a large extent by public resources — as was the case for road transport.
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While, the EU and its member states provide some funding for selected projects, to ensure a
lasting scale-up of construction capacities a steady flow of funding needs to be ensured. In
Switzerland, some of the funding of the railway infrastructure comes from taxing road freight
transport. At the EU level, such an approach could also include fees on aviation, thus resulting in
a bonus-malus system accelerating the necessary modal shift.

Such a modal shift would also increase the popularity of connections that, due to low occupancy,
would not be initially profitable, but necessary to replace other modes of transport. Before this
happens, such connections need to be subsidised from public resources (Treber, 2021), which
increases the need for a more permanent funding scheme.

Finally, as is the case in other policy areas, especially the electricity sector, the EU should be
empowered to introduce initially “indicative”, later mandatory, targets for the role of railways in
the transport sector. To increase the acceptance of these targets among member states, they
should be supported by funding. Such targets could consider some of the following indicators,
focusing on infrastructure and travel quality (Treber, 2017):

= Density of the railways network (e.g., km / 1000 citizens);
= minimum average speed of intercity trains;

® increasing the share of rail passenger-kilometres in the modal split for intra-EU trips;

share of settlements above 1000 inhabitants with at least x train connections; and,

= share of electrification of the railways.

To reflect member states’ different starting points, the targets, as well as the corresponding
funding, should be adapted to the respective circumstances.

Introducing these changes, particularly those focused on increasing the ease of cross-border rail
travel — among many others more specific to the national and local circumstances — is essential
for rail to compete with carbon-intensive modes of transport, especially car and intra-EU aviation.
In addition, faster and more reliable train connections could decrease activity levels for extra-EU
aviation by providing an attractive alternative for extra-EU travel.

6. Conclusions

The rise of the personal vehicle and air travel have posed many challenges to rail transport
networks in the EU, resulting in fewer train services, lower investment in rail, and rising
greenhouse gas emissions from transport. Counteracting this trend is key to achieving carbon
neutrality and provides additional benefits in the form of cleaner air, lower congestion, and easier
commutes.
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The EU’s existing policy framework provides funding for member states to invest in their rail
networks, as well as technical guidance allowing trains to safely operate across borders. On its
own, this is insufficient to provide the transformative change necessary to effectively decarbonise
the transport sector. As the case studies from Japan and Switzerland demonstrate, regulatory
changes and large investments are needed to cut journey times, provide a seamless travel
experience, and allow trains to compete with cars and planes. In turn, EU citizens will be able to
easily commute to work, visit family over long distances, and travel to new destinations while the
EU moves closer to carbon neutrality.

The current energy crisis gives further impetus to improving rail networks; with oil prices higher
than they've been in years, many citizens find themselves unable to afford driving to work, while
also lacking viable public transport alternatives.

While the privatisations in Japan were designed to wean the JR companies off government support
for operational costs, it is a combination of regional and national government with private funding
that allows rail companies to build new infrastructure and open new lines, as well as maintaining
locally important, yet unprofitable, connections. Switzerland has likewise seen the importance of
heavily investing in infrastructure, creating a financing scheme akin to a “polluter pays" principle
that further makes rail transport more appealing.

Railways in the EU experienced manifold challenges in 2022. To alleviate the cost-of-living crisis,
many governments provided financial support to incentivise public transport and rail travel.
Germany’s provision of a nationwide, subsidised ticket has provided insight into both the
decarbonisation potential of railways, and the investments needed for them to be viable
alternatives to personal vehicles: millions of tonnes of CO2 emissions were avoided and the ease
of a single ticket for the whole country without having to navigate multiple regional ticketing
options proved popular. However, users reported crowded trains and having to switch multiple
times, indicating the importance of infrastructure investments.

Learning lessons for improving the bloc’s railways system can therefore come both from outside
the EU as well as from within. A proper governance structure at the EU level, and requisite funding
both to expand infrastructure and provide streamlined cross-border connections with simple
ticketing options will go a long way towards increasing rail use. In turn, the EU and its member
states can greatly benefit from an increase in rail ridership, lower congestion and GHG emissions,
and a more connected citizenry.
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About the project

4i-TRACTION - innovation, investment, infrastructure and sector integration:
TRAnsformative policies for a ClimaTe-neutral European UnION

To achieve climate neutrality by 2050, EU policy will have to be reoriented — from incremental
towards structural change. As expressed in the European Green Deal, the challenge is to initiate
the necessary transformation to climate neutrality in the coming years, while enhancing
competitiveness, productivity, employment.

To mobilise the creative, financial and political resources, the EU also needs a governance
framework that facilitates cross-sectoral policy integration and that allows citizens, public and
private stakeholders to participate in the process and to own the results. The 4i-TRACTION project
analyses how this can be done.
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