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Rail’s role in the age of decarbonisation
Maurizio Castelletti*

Rail gains momentum

The rail sector is currently the subject of un-
precedented policy attention. Rail offers a con-

crete opportunity to decarbonise our transport system 
and should play a prominent role in delivering both the 
European Commission’s Green Deal1 strategy and its Sus-
tainable and Smart Mobility Strategy2. These strategies set 
ambitious 2030 targets for growth in the use of rail that 
are justified by rail’s green credentials. The targets include a 
50% increase in the use of rail freight, and a 100% increase 
in passenger traffic on high-speed rail lines by 2030. Rail 
currently only accounts for 2% of energy consumption 
and generates 0.4% of the greenhouse gas emissions from 
all transport modes (EU-27, 2018).

We believe that rail has now reached a turning point. The 
designation of 2021 as European Year of Rail3 has attracted 
the interest of policymakers, the rail industry and the pub-
lic. The public’s attitude to rail is increasingly favourable, 
in particular among young people, who are worried about 
climate change. Businesses are increasingly seeking rail ser-
vices to carry their goods and decarbonise their activities. 

In July, the European Commission proposed a package 
of measures to curb carbon emissions in key sectors, in-
cluding transport. The European institutions reached an 
agreement to: (i) revise rules on road charging (Eurovi-
gnette); (ii) reduce emissions of polluting gases; and (iii) 
cut infrastructure congestion. These measures should fa-
vour a re-balance of demand towards more sustainable 
mode of transport like rail. These measures should also 
contribute to two other 2030 goals: (i) for rail to compete 
with road transport on an equal footing; and (ii) to achieve 
carbon-neutrality on scheduled public transport journeys 
of less than 500 km. 

In addition, public authorities have rewarded rail with 
generous spending programmes under the Recovery and 
Resilience Facility, under which rail will receive 50% of all 
transport-related investment. Rail has also been the main 
beneficiary of EU support under the Connecting Europe 
Facility, which allocated 70% of its funds in 2014-2020 to 
rail, covering 400 projects with a contribution of approx-

imately EUR  16.5 billion. Rail will continue to benefit 
from these resources in the next financial cycle.

30 years of reforms

The re-structuring of rail markets began in 1991. Eu-
ropean regulation has seen many countries shifting from 
decrepit, state-run rail industries to more open systems, 
in which the price and quality of rail services are set by 
competing railway undertakings. During this period, rail 
transport has been subject to an unprecedented legislative 
effort, consisting of four packages of European Union laws, 
a number of key milestones, and a wealth of implementing 
measures promulgated by the European Commission. Full 
liberalisation of the market for the carriage of rail freight 
occurred in three steps: (i) in 1993 for international com-
bined transport; (ii) in 2006 for international rail freight; 
and (iii) in 2007 for domestic rail freight. Market liberali-
sation of rail-passenger services followed in 2010 for inter-
national traffic and in 2020 for national traffic. In 2023, 
the liberalisation of the rail market will be complete with 
the introduction of competitive awards for public-service 
contracts. The process of technical harmonisation began in 
1996 and was strengthened by the advent of the European 
Union Agency for Railways in 2004. The concept of a Sin-
gle European Rail Area (SERA) was born in 2012 with the 
introduction of Directive 2012/34/EU of the European 
Parliament and of the Council of 21 November 2012 es-
tablishing SERA. The Joint Undertaking for Rail Research 
began work in 2014. Following these milestones, there be-
gan a lengthy and complex process of implementation that 
is still ongoing. 

Recent years have seen mixed trends in rail transport. 
The modal share of rail among inland transport modes re-
mained relatively small in 2018 in absolute terms (7.8% 
for passengers and 18.7% for freight in the EU-27). There 
was also little shift in modal share in the EU-27 between 
2015 and 2018, with rail transport’s modal share growing 
0.2% for passengers and falling 0.1% for freight in the pe-
riod. On volumes, rail-passenger traffic grew by 2.4% a 
year (2% for international traffic) in the period from 2011 
to 2018, while freight traffic increased by 4% over a three-
year period (2015-2018)5. Furthermore, the COVID-19 
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pandemic had a more significant impact on passenger rail 
traffic than it did on rail freight. Volumes expressed in 
train-km declined by 6.1% for rail freight but by 11.4% 
for passenger travel over the period March 2020 to Febru-
ary 2021, while rail traffic loads (pass-km and tonne-km) 
declined even further: by up to 15% for freight and 75% 
for passengers.

Pre-pandemic growth rates would not have been sufficient 
to reach the milestones set in the European Commission’s 
Green Deal and its Sustainable and Smart Mobility Strate-
gy, let alone the more ambitious target set by the industry 
for rail freight to have 30% of modal share by 20306. This 
means that the rail sector needs to step up the pace of its 
modernisation and digital transition. A significant increase 
in demand would require not only a network capable of 
accommodating the demand, but also sufficient rolling 
stock and train drivers to operate additional services. 

Rail is still struggling to cope with the new reality of sep-
arate infrastructure managers and a rising share of service 
providers competing with incumbent operators. Mean-
while, the longstanding problems faced by rail have still not 
been solved. For rail-freight transport, these problems are: 
(i) the lack of reliability, punctuality and real-time track-
ing-and-tracing of trains and loads; (ii) the unavailability 
of routes in normal situation and diversionary routes in 
cases of disruption and (iii) the complex and costly move-
ments and transfers of loads in terminals;. For rail-passen-
ger transport, these problems are different and include: 
(i) the unavailability of rolling stock at good prices; (ii) 
booking and ticketing systems that are hard for customers 
to use and understand; (iii) a dearth of routes for interna-
tional services; and (iv) the high costs of international ser-
vices. For rail transport as a whole, the biggest problem is 
the persistence of technical and operational barriers when 
moving trains between different rail networks.

Many problems under investigation concern either: (i) 
the availability of a capable, high-performing and inter-
operable rail infrastructure and its optimal use through 
digital systems and tools; and (ii) the independent and im-
partial provision of that infrastructure to rail undertakings. 

Two networks for sustainable mobility: rail infrastruc-
ture and air-traffic management

We can draw an interesting parallel between rail infra-
structure and air-traffic management. These network 

industries have been in a continuous process of transfor-
mation since their births in the late 19th and early 20th 
centuries respectively. Defence and security policies also 
clearly marked the development of both these industries 
in their early stages. These policies led to the creation of 
national companies operating under the aegis of the State. 
These national companies often had subsidiaries that were 
closely tied to the domestic industry that built its systems 
and components. For both sectors, the progressive inte-
gration of transport at European level revealed a lack of 
cross-border interoperability, a major barrier to the devel-
opment of the internal market and international traffic. 
The creation of the Single European Sky (2004)7 and the 
SERA (2012)8 were the solutions the European Commis-
sion proposed to end the fragmentation of national net-
works in both these areas. 

Both rail infrastructure and air-traffic management face a 
similar main challenge: to develop, deploy, maintain, and 
operate (digital) infrastructures to support traffic operation 
at European and national levels. These infrastructures are 
a costly asset that enables the competitive provision of rail 
and aviation services. They provide the required safety for 
transport operations by sequencing and distancing trains 
and flights. They determine the efficiency of operations 
under normal and congested situations and the resulting 
performance of these operations, notably the punctuality 
of transport services. They consist of sophisticated and in-
terconnected systems to monitor operations and real-time 
communication between control centres and vehicles. 

The European Commission proposed two similar con-
cepts to end the fragmentation stemming from national 
networks in both these areas and move towards more in-
tegrated operating networks at European level: rail-freight 
corridors and functional airspace blocks. Both concepts 
helped break down the silos of national structures that 
govern and operate these infrastructures. They forced these 
structures to cooperate in a more integrated way. Never-
theless, neither of these concepts has led to significant im-
provements in performance. The lack of tangible results is 
partly due to: (i) incomplete implementation; (ii) failure to 
conform to the spirit of legal acts; and (iii) the prevalence 
of national attitudes over joint international practices.

Despite an overall picture of poor integration in both rail 
and air-traffic management across Europe, the push to in-
tegration is nevertheless somewhat stronger in air-traffic 
control than in rail. This is due to the more international 

6 Rail Freight Forward – European Rail Freight Vision 2030 of the RFF coalition.
7 Regulation (EC) No 549/2004 of the European Parliament and of the Council of 10 March 2004 laying down the framework for the creation of the single 
European sky (OJ L 96, 
8 Directive 2012/34/EU of the European Parliament and of the Council of 21 November 2012 establishing a single European railway area (OJ12 establish-
ing a single European railway area (OJ L 343, 14.12.2012, p. 32).
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nature of aviation and the need to ensure interoperability 
between aircraft and supporting systems for navigation, 
communication and surveillance. This greater push to in-
tegrate aviation has led to new developments in air traffic 
management that rail still lacks due to its reduced inter-
national dimension (52% of rail freight is international, 
and just 7% of passenger rail transport is international). 
These new developments in aviation consist of a pan-Eu-
ropean network layer of air-traffic control superimposed 
onto national networks and managed by an independent 
entity (Eurocontrol). The push for integration in aviation 
management also led to a developed concept of coopera-
tive decision making (A-CDM) involving all actors in the 
aviation-management chain (airports, airlines and air-traf-
fic control centres) and based on timely exchange of oper-
ational information on the status of the flight. In addition, 
air-traffic control in Europe benefits from a sophisticated 
performance scheme that is capable of constantly monitor-
ing performance, setting targets, and formulating measures 
to improve performance. Finally, air-traffic control is more 
advanced in its programme of development and deploy-
ment of new technologies (helped by the SESAR Joint 
Undertaking), while rail is only now ending its first cycle 
of common research activities under the umbrella of the 
Shift2Rail Joint Undertaking.

Rail should definitely learn from these developments in 
aviation if it wishes to achieve its ambition of competing 
with aviation and road transport on international routes.

Consequences for the rail sector

The strong impetus to decarbonise transport will oblige 
rail to face up to its responsibilities in this area. With the 
progressive greening of other transport modes, rail will 
no longer be able to hide its inefficiencies by pointing to 
the lack of a level playing field across modes of transport. 
There is therefore a reputational question that rail must 
address as a matter of urgency. Failing to address this ques-
tion will put the confidence of policymakers and public 
opinion at risk.

Firstly, improvements in rail transport should better re-
spond to customer needs. In the rail-passenger market, 
passengers are demanding fast, punctual, frequent and 
comfortable trips to destinations with good interconnec-
tions. In the rail-freight market, shippers are looking for 
reliability, flexibility and responsiveness. In both markets, 
customers are demanding affordable prices for the services 
they purchase. Rail should be offering more competitive 

prices compared to other modes of transport, but the sec-
tor remains highly inefficient, making it difficult to cut 
prices. It will not be possible to make rail services more 
attractive without significant improvements in cost-effi-
ciency. There is clearly great room for improvement in this 
area for infrastructure managers, rail operators, and the rail 
equipment industry.

Secondly, rail lacks transparency of its operation com-
pared to other modes of transport. Rail operators are often 
reluctant to analyse their performance in a more public 
and open manner to measure the quality of their services 
and potentially take remedial actions. Reviewing and pub-
lishing the performance of rail operators (as is the prac-
tice for air-traffic control) would be an effective tool to 
increase awareness, promote best practices and encourage 
improvement. More and more data on rail performance 
are becoming available through digital platforms, and an 
independent entity could be tasked with regularly process-
ing and publishing these data.

These cultural changes do not imply any improvement to 
the existing regulatory framework. They do not even imply 
any new investment. The recent adoption of the fourth 
railway package created the appropriate conditions for the 
completion of the SERA. It is now time to fully and quick-
ly implement SERA according to the spirit of the law. Fur-
thermore, the period set for reaching the SERA milestones 
(2030) is too short to embark on new major legislative pro-
posals. The sector needs regulatory stability and reduced 
administrative burden. The advent of the SERA should 
help to progressively deregulate the sector, which suffers 
from too many rules. Obsolete national rules should rap-
idly disappear, in particular in the fields of safety and in-
teroperability. Instead, we should leave room for a single 
set of European rules applying throughout the continent 
under the supervision of national authorities and regula-
tory bodies. These authorities and bodies should network 
more to promote the development of cross-border traffic.

The sector also needs continued support for the invest-
ments already in progress. The investments needed in roll-
ing stock and rail infrastructure are substantial and much 
greater than the investments currently being made by 
public and private players. Due to the lack of resources, 
there is a need to focus on the few priorities that will bring 
the highest benefits. The process of decarbonisation will 
require: (i) rail to accelerate its shift to more comprehen-
sive electrification of the network and use of zero-emission 
vehicles; (ii) the digitalisation of the network through flag-
ship projects like the European Train Control System; and 
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(iii) the digitalisation of rail infrastructure-capacity and 
train information through better data sharing and availa-
bility. Other priorities for investment include the upgrade 
of technical requirements for key lines (weight, speed, 
train length and loading gauge) and the introduction of 
digital automatic couplers.

Conclusions

Decarbonisation is a breakthrough opportunity for rail. 
However, the green credentials of rail are not sufficient on 
their own to attract a significant share of customers from 
other transport modes. A radical shift to rail in the com-
ing years therefore requires a drastic improvement in the 
performance of rail, including its final price to customers.

State-owned rail companies still dominate rail markets 
and operate up to 60% of the rail-passenger services pro-
cured under public-service obligations. Between 2015 and 
2018, the share of rail freight carried by competitors to 
incumbent state-owned national operators increased from 
34% to 42%. Over the same period, the share of rail pas-
sengers carried by competitors to incumbent state-owned 
national operators increased by 2 pps to 14%. These in-
creases are even less significant if we exclude the new oper-
ators that are linked to rail incumbents from other coun-
tries (i.e. if we exclude market share in one country being 
taken by a state-owned operator from another country). 
Without a more transparent and customer-oriented ap-
proach to promoting competition from private operators, 
the modal shift from road to rail risks stalling or increas-
ing much more slowly – despite renewed public interest in 
rail and an expected recovery in load factors rebound to 
pre-pandemic levels. 

The regulatory framework in force provides for an open 
and competitive rail environment. The ongoing actions 
contained in the various plans of the European Commis-
sion and statements from the rail sector are appropriate for 
accelerating the development of rail services. These actions 
aim at boosting long-distance and cross-border rail-passen-
ger and rail-freight services. The implementation of these 
actions will determine the attractiveness of rail in the age 
of decarbonisation. However, the process of decarbonisa-
tion will progressively erode the green advantage of rail, as 
electrified trucking will reduce emissions from road trans-
port. This means that the window of opportunity for rail 
to increase its share of passenger and freight transport may 
gradually close. This in turn means that inaction in pro-

moting rail liberalisation could condemn rail to a second-
ary role in the transport system.

The views expressed in this article are those of the author, are 
personal and do not necessarily reflect those of the European 
Commission
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