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This special issue of Network Industries Quarterly is dedicated to 
the greening of infrastructure assets. Despite the unprecedented 
challenges brought about by the COVID-19 pandemic, the European 
Commission has reaffirmed its commitment to the objectives of 
the European Green Deal and to transforming Europe into the first 
climate neutral continent by 2050. Delivering this ambition will 
necessitate the revision of regulatory and taxation frameworks, as well 
as the deployment of clean and innovative technologies. These, in turn, 
will have to be supported by massive public investments and increased 
efforts to direct private capital towards climate and environmental 
action while avoiding lock-in into unsustainable practices and 
infrastructures. Though the specific approaches to ‘greening’ of 
infrastructure assets may vary across the network industries, a set of 
questions pertaining to technology, regulation and funding will have 
to be addressed in all of them. 

In this issue of the Network Industries Quarterly, our invited 
contributing authors critically examine these questions by drawing on 
the specific challenges and opportunities faced by the transport sector, 
as illustrated by the specific cases of airports, railways and ports.

The first contribution by Serafimova frames the renewed interest 
in infrastructure spending in the aftermath of COVID-19 as an 
opportunity to accelerate Europe’s transition towards climate neutrality. 
Taking a broader perspective on transport infrastructure assets, this 
article illustrates the multiple angles greening can take throughout the 
different, though interrelated, phases of an infrastructure’s lifespan, 
from planning to construction, operation and decommissioning. The 
article argues that the ability of infrastructures to serve as enablers 
for wider sectoral, but also cross-sectoral, greening, can and should 
be amplified by means of a conducive and coherent EU regulatory, 
financing and taxation framework, which engrains sustainability at its 
core. 

Schneider demonstrates the importance of infrastructures in the fight 
against climate change by taking a closer look at the concrete case of 
airports. In particular, he argues that the impact of infrastructures does 
not limit itself to infrastructures’ own operations but extends to their 
capacity to influence and shape their users’ behaviours.

Quinet shares his analysis on the greening of trains and railway 
infrastructure assets in view of their enormous associated societal 
benefits. This article underlines, in particular, the need for infrastructure 
managers to follow a progressive approach, whereby actions are to be 
deployed over time in the most cost-effective way, depending on the 
portfolio of clean technologies available and the life cycle of assets.

Birindelli, Radice, Bert and Guglielmi reflect on the Italian 
experience in shifting towards intermodal hubs as a means to green 
railway stations. Drawing on experiences from Italy, where major 
railway stations are currently undergoing a profound transformation, 
this article illustrates that stations are no longer single-purpose places 
where trains stop to load or unload passengers but are increasingly 
becoming complex people-centred hubs where visitors can do much 
more than merely catching a train. 

Sauri, Sys and Vanelslander discuss the greening of maritime shipping 
and ports, which are critical gateways for the European economy and 
global trade but also important contributors to air emissions. Their 
article argues that while legislation is available at various policy levels, 
more solutions are needed that are in a further stage of development, 
taking into account also the economics of the various involved actors. 
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Greening Transport Infrastructure: The Role of EU Regulation, 
Financing and Taxation
Teodora Serafimova*

The renewed interest in infrastructure spending as a means to foster job creation and economic recovery in the aftermath of COVID-19 presents a 
unique opportunity to accelerate Europe’s transition towards climate neutrality. As both contributors to climate change and victims of its consequences, 
transport infrastructure assets are an illustrative example of the multiple angles greening can take throughout the different phases of an infrastructure’s 
lifespan, from planning to construction, operation and decommissioning. The highly interdependent nature of these phases underscores the need for a 
holistic approach to greening of infrastructures. This article examines, in particular, the ability of infrastructures to serve as enablers for wider sectoral, 
but also cross-sectoral, greening, and argues that this function can and should be amplified by means of a conducive and coherent EU regulatory, 
financing and taxation framework, which engrains sustainability at its core.

Confronting the dual challenges of decarbon-
isation and economic recovery post-COV-
ID-19

The free movement of people and goods across national 
borders is a fundamental freedom of the European Un-
ion (EU) and its single market. The transport sector con-
tributes 5% to the European Gross Domestic Product 
(GDP) and directly employs around 10 million workers, 
making it decisive for economic development, as well 
as for the social well-being and cohesion of populations 
(European Commission, 2020). However, reaping these 
benefits depends on the existence of adequate infrastruc-
ture, which supports the provision of high quality and 
efficient transport services. Already back in 2011, the 
European Commission’s Roadmap to a Single European 
Transport Area – Towards a competitive and resource-ef-
ficient transport system acknowledged that ‘Infrastruc-
ture shapes mobility. No major change in transport will be 
possible without the support of an adequate network and 
more intelligence in using it. Overall, transport infrastruc-
ture investments have a positive impact on economic growth, 
create wealth and jobs, and enhance trade, geographical ac-
cessibility and the mobility of people. It has to be planned in 
a way that maximises positive impact on economic growth 
and minimises negative impact on the environment’. 

More recently, the European Green Deal set the ambi-
tion of transforming Europe into the world’s first climate 
neutral continent by 2050: a commitment, which places 
a particular responsibility on the transport sector and the 
infrastructures it relies on. A collective 90% reduction in 
CO2 emissions will need to be achieved by mid-century 
from the transport sector, which today accounts for a 
quarter of the EU’s total greenhouse gas (GHG) emis-
sions. The Commission’s subsequent Sustainable and 
Smart Mobility Strategy reiterates that ‘greening mobility 

must be the new license for the transport sector to grow’ 
(European Commission, 2020). 

In parallel to facing growing pressures to decarbonise, 
the transport sector and its underlying infrastructure as-
sets have undoubtedly been among the worst hit by the 
COVID-19 pandemic. Because of the crisis, significant 
public funds have been channelled towards struggling 
businesses, such as public transport operators, hit by 
persisting drops in ridership. While this has meant that 
less funding is available for spending on new projects, 
the pandemic recovery measures proposed by govern-
ments worldwide, have been characterised by a renewed 
interest in infrastructure spending as a means to boost 
economic growth. For instance, whereas US president, 
Joe Biden, has pledged to spend $2 trillion on roads, 
electricity grids and railways, the EU has announced that 
30% of its €750 billion recovery fund will be dedicated 
to green projects, including renewable energy and elec-
tric vehicle recharging infrastructure. In fact, spending 
on climate-resilient infrastructure is found to create five 
times more jobs per $1 million invested than spending 
on fossil fuels (UNEP, 2021). The greening of infrastruc-
ture assets is thus not only a strategic post-COVID-19 
recovery measure, but also presents a unique opportuni-
ty for governments to accelerate the transition towards 
climate neutrality. 

Transport infrastructure and its tight link to the en-
vironment 

Transport infrastructure, be it publicly or private-
ly owned, consists of the physical structures, such as 
highways, railways, bridges, tunnels, airports and ports, 
among others, which enable the provision of transport 
services, vital to facilitating, sustaining, or improving the 
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social condition of living (Hossain, 2019). In addition, 
infrastructure can encompass the facilities necessary for 
the propulsion and refuelling of transport vehicles, as 
well as the coordination, monitoring and management 
of transport to ensure safe operations and the transfer of 
passengers and freight (European Commission, 2017). 
In other words, transport infrastructure is an integral 
part of the overall transport system, regardless of the 
transport mode in question. 

The construction of new infrastructure, the upgrading 
of existing but also the eventual decommissioning of in-
frastructure, entail significant investment, often rely on 
the use of carbon-intensive materials, and lead to nega-
tive impacts on the environment, such as health-dam-
aging air- and noise pollution, the release of CO2 emis-
sions, the generation of waste, as well as damage to local 
wildlife habitats and water bodies. While the distinction 
between the GHG emissions attributable to the different 
phases of an infrastructure’s lifetime may not always be 
straightforward, it should be noted that the vast majority 
of emissions arise from the operation of the infrastruc-
ture, i.e., emissions stemming from vehicles using the in-
frastructure in question (European Commission, 2017).

At the same time, their fixed nature makes infrastruc-
tures particularly prone to the consequences of climate 
change. To recall, the Intergovernmental Panel on Cli-
mate Change (IPCC) estimates that if GHG emissions 
continue on a business-as-usual trajectory, global sea-lev-
els could rise by one meter by the end of this century 
(IPCC, 2019). This, in turn, could entail particularly 
high risks for airports, many of which are located near 
large bodies of water. In fact, according to the World 
Resources Institute, 80 airports worldwide could be 
underwater if current emission trends continue. It goes 
without saying that such a scenario would have detri-
mental socio-economic and connectivity implications. 
The environmental and climatic impacts of infrastruc-
tures, coupled with their particular vulnerability to the 
consequences of climate change, underscore the need to 
incorporate sustainability and resilience throughout the 
entire lifecycle of transport infrastructures. 

The different angles to the greening of transport in-
frastructure 

Those infrastructures, which are conducive towards a 
zero-emission transport sector will have to be enhanced 
(e.g., bolstering public transport and micro-mobility in-

frastructure), while other, polluting infrastructures, will 
have to be restructured or entirely replaced by new types 
of infrastructures, which are in line with the net-zero 
emissions trajectory. 

There are multiple angles to the greening of transport 
infrastructure. Firstly, greening may focus on measures 
to minimise the emissions embedded in construction 
and arising from maintenance. This, in turn, may take 
the form of using less CO2-intensive, recycled and re-
cyclable materials, boosting the energy efficiency of 
physical assets, and the installation of photovoltaic (PV) 
facilities onsite, among others. Subsequently, greening 
measures can also be applied at the end of an infra-
structure’s lifespan to ensure that its decommissioning 
has a minimal impact on the environment. Some age-
ing infrastructure, such as oil and gas platforms, wells 
and pipelines, for instance, can be repurposed for CO2 
transport and storage, thereby possibly helping to reduce 
the hefty upfront costs linked to the development of 
Carbon Capture and Storage technology. Furthermore, 
the integration of circular economy principles in the in-
itial design process can later enhance resource recovery 
during decommissioning. Conversely, poorly designed 
infrastructure can lead to high long-term maintenance 
or replacement costs during operation and may have 
implications for decommissioning (UNEP, 2021). This 
interdependence between the different life phases of in-
frastructure assets calls for a holistic approach to their 
planning, financing and regulation. 

What is more, infrastructures can have a much larger, 
albeit indirect, contribution towards overall emission re-
ductions by inducing their users to shift towards more 
sustainable modes and practices. While highways, for 
instance, cannot be considered ‘green’ infrastructures 
per se, they can help advance broader decarbonisation 
objectives if linked to a credible sustainability plan. 
Carefully designed road charges, for example, can serve 
as an instrument to stimulate the uptake of zero-emis-
sion trucks, and conversely, to discourage polluting 
ones. Furthermore, highways and core networks can be 
equipped with electrical charging points to promote the 
uptake of electric mobility. The ongoing review of the 
Commission’s Alternative Fuels Infrastructure Directive 
(2014/94/EU) offers a significant opportunity to ramp 
up the deployment of an interoperable publicly accessi-
ble recharging infrastructure, along the trans-European 
transport network (TEN-T), urban and sub-urban areas, 
with a view to reaching the targeted 1 million public re-
charging points by 2025 (European Commission, 2019).
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In a similar fashion, airports can provide synergies for 
the entire aviation value chain, from ground handlers to 
airlines, suppliers of sustainable aviation fuels (SAFs), 
and innovative technologies manufacturers. Though in-
directly, airports can stimulate the uptake of new aircraft 
technology related to electrification or hydrogen by se-
curing the appropriate airport infrastructure, associat-
ed services, and, not the least, by setting the right in-
centives. To this end, airports can make use of several 
instruments at their disposal to incentivise cleaner and 
quieter aircraft, including airport charges, incentives, op-
erational rules, and slot regulations. Many airports are 
already modulating the charges paid by airlines based on 
environmental criteria, for example, by reducing charges 
for aircraft producing less noise and emitting fewer air 
pollutants (Finger, Serafimova and Montero, 2021). This 
ability of infrastructures to serve as ‘enablers’ for wider 
sectoral, but also cross-sectoral, greening can and should 
be amplified through an overarching EU regulatory, fi-
nancing and taxation framework, which, in turn, is dis-
cussed below. 

Linking investment decisions to robust sustainability 
indicators 

Their capital-intensive nature, coupled with the long 
operational lifetimes of transport infrastructure, means 
that regulatory and investment decisions taken today will 
have implications for the decades to come. Indeed, the 
built environment is constrained in how quickly it can 
change. This is further complicated by the fact that differ-
ent transport modes and infrastructures have different life 
spans (Rodrigue, 2020). To put things into perspective, 
while it could be possible to renew the bulk of the car 
fleets with more efficient vehicles within a decade, road 
infrastructure could take as much as a quarter of a centu-
ry to replace (Rodrigue, 2020). In the spending-cautious 
aftermath of COVID-19, this places a particular respon-
sibility on investors and infrastructure planners to ensure 
their decisions not only improve the quality and resil-
ience of the transport system, but also help to advance 
the EU’s climate and sustainability objectives. 

All new infrastructure construction, expansion and 
decommissioning will have to be clearly justified and 
preceded by comprehensive environmental impact assess-
ments. The planning phase for new infrastructure has till 
now primarily focused on the emissions stemming from 
the initial construction phase, whereas the lifecycle GHG 
emissions, including those arising from operations, main-

tenance and subsequent decommissioning of infrastruc-
ture, have not been consistently factored in (European 
Commission, 2017). The inclusion of lifecycle emissions 
is key to securing the most accurate assessment of infra-
structure projects’ environmental performance. Here, it 
is also essential to distinguish between short- and long-
term considerations pertaining to infrastructure-related 
investments. In other words, whereas infrastructure con-
struction projects can be particularly emission-intensive 
in the short run, they can deliver substantial emission 
reductions in the long run. One illustrative example of 
this is high-speed rail, which is likely to grow in signifi-
cance as the aviation sector undergoes restructuring and 
short-haul flights are increasingly replaced by rail. Under 
most circumstances, investment in high-speed rail reduc-
es GHG emissions from traffic compared to a situation 
where the line was not built, but the reduction may in-
itially be small, and it could take decades for it to com-
pensate for the emissions caused by construction. 

In view of this, the definition of common internation-
al rules for assessing the environmental performance of 
infrastructure projects is of crucial importance in guid-
ing scarce financial resources towards ‘green investments’ 
and, equally important, in preventing ‘stranded assets’. 
A first step in this regard was already taken in the EU, 
with the entry into force of Regulation (EU) 2020/852 
(the so-called ‘Taxonomy Regulation’), which seeks to 
provide uniform criteria for companies and investors to 
determine whether an economic activity is to be deemed 
‘environmentally sustainable’. The Taxonomy covers 
activities responsible for up to 80% of the EU’s GHG 
emissions. As such, it may play an important role by set-
ting performance thresholds for these activities, thereby 
informing investors’ decisions and preventing greenwash-
ing (Schuetze and Stede, 2020). 

Having said that, it is of utmost importance that a ro-
bust and science-based approach is applied in establish-
ing the criteria, which the Commission is set to finalise 
in the coming months. This, in turn, will be instrumental 
in determining whether pending EU and national fiscal 
recovery packages foster the development of a more inte-
grated, smarter and sustainable mobility system. A num-
ber of existing EU funding programmes, such as the Con-
necting Europe Facility (CEF) and the Cohesion Funds, 
including the European Regional Development Fund, 
already support the construction of transport infrastruc-
ture between and within EU countries. It is equally criti-
cal that this public funding supports the development of 
climate-proof infrastructure projects. 
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Local authorities, in particular, are central investors in 
green infrastructure, such as buildings, transport, water 
and waste. While private sector investment and technical 
expertise will be increasingly needed to close the infra-
structure gap, public policy and procurement of infra-
structure, have a key role in channelling investment into 
sustainable infrastructure projects and creating positive 
impacts on the ground. Today’s procurement practices 
and tender specifications, however, do not always provide 
the necessary incentives for industry actors to invest in 
zero-emission technologies and infrastructures. The re-
cast of EU regulatory frameworks to introduce minimal 
environmental standards will be key. More specifically, 
the shift away from procurement practices which priori-
tise the lowest-cost bid will be needed towards ones that 
consider life-cycle costing, including the costs of environ-
mental emissions and other externalities over the entire 
infrastructure lifecycle. Furthermore, the Commission’s 
ongoing efforts to develop a common EU framework for 
sustainable urban mobility indicators (SUMI), stands to 
not only enable cities to better evaluate the performance 
of their mobility systems, benchmark and replicate best 
practices, but also ensure that funding is channelled to-
wards sustainable mobility projects. 

Getting users and polluters to pay the true environ-
mental cost 

The cost of providing transport infrastructure is paid ei-
ther directly through user charges or indirectly through 
taxation. In closed systems, namely railways and aviation, 
transport users pay for the use of infrastructure as a part 
of their overall transport charge (e.g., ticket price). For 
open systems, such as road, on the other hand, there is 
either no direct infrastructure charge or the infrastructure 
charge is levied directly to the user in the form of a toll. 

There is a long-standing agreement that transport 
charges and taxes must be restructured so as to ensure 
the implementation of the ‘polluter-pays’ and ‘user-pays’ 
principles. The Commission’s recent Sustainable and 
Smart Mobility Strategy sets out that all external costs of 
transport within the EU shall be covered by the transport 
users at the latest by 2050. The provision of cost-reflec-
tive price signals is considered the most effective incen-
tive mechanism to influence more sustainable transport 
user choices. Such incentives can include carbon pricing, 
taxation, and infrastructure charging but should be com-
plemented by improved information to users (European 
Commission, 2020). Pricing can facilitate the switch to 

cleaner vehicles, optimise capacity utilisation, and man-
age demand, thereby reducing congestion during peak 
hours. Adequately designed infrastructure charging (e.g., 
road tolls) can foster the creation of a level playing field 
between the different modes and fuels while generating a 
source of revenue for the public budget for the cross-fi-
nancing of railways and other green infrastructures. 

Notwithstanding, infrastructure charging, financing 
and taxation frameworks in the EU today fall short of 
promoting decarbonisation. While best practices can 
be observed, infrastructure charging approaches are not 
homogeneous across modes or countries, whereas some 
European countries are not imposing any road charges 
at all (European Commission, 2017). The ongoing re-
vision of the Eurovignette Directive (1999/62/EC) is an 
opportunity to address this by putting in place a uni-
form approach to road charging Europe-wide. Smart, dis-
tance-based road charging, with varied rates for the type 
of vehicle (based on CO2 performance, air pollutants) 
and the time-of-use, can effectively incentivise efficient 
choices, manage traffic and reduce congestion (European 
Commission, 2020). 

While green infrastructure projects may be linked to 
lower operational costs, they often entail higher upfront 
costs, which, in turn, raises questions pertaining to how 
these additional costs of greening should be financed. 
The concept of charging for environmental purposes 
can be unpopular, and social acceptability issues can risk 
hampering fiscal reforms in the road sector for instance, 
as these oftentimes result in a disproportionate burden 
for the working and middle classes. The introduction of 
charges will thus have to be preceded by careful planning 
and design, complemented by awareness-raising cam-
paigns among taxpayers as well as measures to enhance 
transparency and accountability in revenue use. 

Cross-sectoral policy coherence  

The design and implementation of coherent, cross-sec-
toral policies can enable infrastructures to stir the green-
ing beyond their own sector. One illustrative example of 
such cross-sectoral greening is the installation of electric 
charging infrastructure in buildings, which entails close 
interactions between several sectors, namely transport, 
buildings and energy. The latest revision of the Energy 
Performance of Buildings Directive (2018/844/EU) in-
troduced new provisions to ensure that parking spaces 
in residential and commercial buildings are progressive-
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ly equipped with recharging points for electric vehicles. 
This stands to offer synergies for the progressive greening 
of all three sectors by encouraging the uptake of cleaner 
mobility, optimising energy efficiency in buildings, and 
reinforcing electricity grids. 

Transport infrastructure and energy networks have 
historically been designed independently yet are wholly 
interdependent for many years of subsequent operation. 
Sector coupling is increasingly observed both within sec-
tors (e.g., Mobility-as-a-Service) as well as across sectors 
(e.g., the coupling of transport and energy with the grow-
ing penetration of electricity and hydrogen-based power-
trains). These trends bring about additional challenges re-
lated to regulatory approaches and regulatory bodies and 
call for the enactment of appropriate incentive schemes, 
be these financial or reputational, so as to ensure that 
infrastructure is designed in a way that allows it to in-
teract synergistically with its environment. In particular, 
within the transport sector, improvements in inter-mo-
dality, interoperability, and integration of transport sys-
tems would facilitate the greening of the transport by 
favouring a shift to the most appropriate mode, reducing 
congestion, and improving efficiency and coordination in 
the use of the infrastructure. 

One key challenge to the greening of infrastructures will 
be to ensure a systemic approach and coherence across the 
different EU legislative pieces, from the EU taxonomy 
and State aid guidelines to ongoing efforts to internalise 
the external costs of transport and implement effective 
charging for infrastructure use, among many others. The 
future regulatory framework needs to reflect the fact that 
transport infrastructures are complex systems of interre-
lated facilities and assets, which, in turn, has important 
implications for the assessment and regulation of their 
sustainability performance. 

Digitalisation can provide a means to better coordinate 
these increasingly complex and interrelated systems, and 
as such facilitate sector coupling. Importantly, digital 
tools in transport can enable more flexibility and better 
operational practices thereby optimising the utilisation 
of existing capacity. For example, smart mobility systems 
which make efficient use of data on mobility patterns and 
integrate multiple transport options, including both in-
dividual mobility and mass transit, can help to improve 
network management, traffic congestion, accessibility 
and environmental performance. This, in turn, can also 
help to reduce investment needs into new physical infra-
structure and support infrastructure greening objectives. 

Conclusions

The greening of transport infrastructures can strength-
en systems’ resilience to climate change and support the 
transition to a low carbon economy, while also stimu-
lating economic growth. In view of this, the increased 
appetite for infrastructure spending in the aftermath of 
COVID-19 presents a strategic opportunity for policy-
makers and investors to accelerate Europe’s transition to-
wards climate neutrality.

A range of greening measures can be applied throughout 
the typically long lifetimes of infrastructure assets, includ-
ing the reduction of emissions embedded in construction 
and maintenance, those stemming from infrastructures’ 
operations, but also at the end phase of infrastructures’ 
lifespan, when they are undergoing decommissioning. 
Though possibly decades apart, the different phases – de-
sign, construction, operation and decommissioning – are 
highly interdependent and thus need to be regulated ho-
listically. 

Infrastructures can play a pivotal role in overall emis-
sion reductions by supporting their users as well as other 
operational stakeholders along the value chain in their 
greening efforts. This ability of infrastructures to serve 
as ‘enablers’ for wider sectoral, but also cross-sectoral, 
greening needs to be amplified by means of a conducive 
EU regulatory, financing and taxation framework, which 
engrains sustainability throughout the entire lifecycles of 
infrastructures.

All new infrastructure construction, expansion and 
decommissioning will have to be preceded by compre-
hensive environmental impact assessments, which take 
into account lifecycle GHG emissions. To this end, the 
development and coherent application of common sci-
ence-based rules for the measurement and assessment of 
infrastructures’ environmental performance will be para-
mount in stirring investments towards climate-neutrality 
compliant projects. In line with this, cost-reflective pric-
ing and charging will be key to informing both investor 
and consumer decisions. Transport charges and taxes will 
have to be restructured so as to ensure the internalisation 
of external costs in a socially just manner. Last but not 
least, all of these policies and regulations will have to be 
implemented in a coherent manner, which reflects the 
growing coupling within and between sectors, and allows 
for mutually-reinforcing greening efforts.
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Greening Infrastructures: Airports’ Role and Responsibility
André Schneider*

This paper demonstrates the importance of infrastructures, and more specifically, airports, in the fight against climate change. The impact of 
infrastructures does not limit itself to their own operations, but also to their capacity to influence and shape the behaviours of their users.

Introduction and context

Achieving our goals in the fight against climate 
change is important and the need for action be-

comes more and more pressing, especially when we see 
how difficult it is to keep up with our commitments made 
under the Paris Agreement. Infrastructures play a crucial 
role in this challenge, as they often influence and shape 
our behaviours and hence can have an important impact 
on the reduction of greenhouse gas emissions. Examples 
of infrastructures that will shape our future behaviours 
and which are capable of reducing greenhouse gas emis-
sions are infrastructures for mobility, energy-producing 
infrastructures, but also buildings, among many others. 
However, we should not forget in our fight against cli-
mate change that also other environmental impacts have 
to be looked at like noise and biodiversity. Furthermore, 
we should keep in mind the social impact of such meas-
ures and, notably, how we can avoid increasing social 
imbalance through our changes to make our society less 
impactful on the climate. In conclusion, it will be very 
important that, through our actions, we secure a good 
balance between all aspects of sustainable development, 
namely between the social, environmental and economic 
impacts.

Nevertheless, infrastructures and their operators can 
and must play a major role in reducing greenhouse gas 
and other emissions. Infrastructures can play a role in 
three dimensions:

1. By reducing greenhouse gas emissions related to the 
infrastructures and their operations;

2. By inciting and assisting greenhouse gas reduction 
in the use of the infrastructure;

3. Finally, by reducing greenhouse gas emissions by in-
fluencing the behaviours of their users by inducing 
a greenhouse gas reducing use of the infrastructure.

Before further laying out how airports can play a cru-
cial role that can be played by infrastructures, let me give 

another example, energy production infrastructures. In 
this specific case, the first dimension would be to ensure 
already in the building process a reduction of greenhouse 
gas emissions and also to use energy production methods 
that reduce as much as possible the emission of green-
house gases (for example by producing energy either us-
ing solar or wind energy sources instead of fossil energy 
sources). For the second dimension, this will be achieved 
by assuring a competitive offering of lower greenhouse 
gas emission energy and by assuring and supporting the 
societal understanding of the importance to prioritise 
this energy over fossil energy. Finally, the third dimen-
sion could be achieved by launching an energy efficiency 
programme that supports and assists the consumers of 
the energy provided by this infrastructure to use it more 
efficiently and hence reduce its impact on the environ-
ment by using less energy. As demonstrated through this 
simple example, this is nothing new nor untested, but we 
need to replicate these three dimensions with all infra-
structures and their operators.

Hence, it is important to understand and recognise that 
infrastructures and their operators must and will play a 
major role in our endeavour to reduce greenhouse gas 
emissions and that we need to plan, develop and operate 
all these infrastructures in this spirit. This simply implies 
that infrastructures are not only here to offer their ser-
vice, but they need to take a role of leadership to not only 
reduce greenhouse gas emissions in their own operations 
but also shape how they get used and the behaviour of 
their users. Otherwise, it will become extremely difficult 
to meet our binding goals in reducing greenhouse gas 
emissions to mitigate the impact of climate change and 
subsequently, safeguard the possibility to live in a sustain-
able way on our earth for the generations to come.

Greening infrastructures – airports’ role and respon-
sibility

Now let us apply these principles to an airport and illus-
trate with the example of Geneva Airport how this could 
be implemented and what results can be achieved. In a 
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first part, we will describe the actions Geneva Airport has 
taken to reduce its greenhouse gas emissions in its direct 
operations, whereas in the second part we will look at 
how Geneva Airport incentivises airlines to contribute to 
the reduction of greenhouse gas emissions.

Reducing greenhouse gas emissions in the airports’ opera-
tions

Geneva Airport has started over the past decades a glob-
al programme to reduce its environmental impact, which 
includes noise as well as CO2 emissions. This programme 
will culminate in a CO2 net-zero objective before 2050 
and return to the noise impact levels of 2000 by 2030 at 
the latest. The programme is composed of the following 
elements:

1. Buildings’ energy efficiency: Since 2016, Gene-
va Airport is only constructing new buildings that 
generate more energy than they consume; examples 
are our noise absorber and our new east wing for 
intercontinental flights.

2. Energy consumption: We will prioritise the energy 
use for essential needs; we will continuously increase 
our energy efficiency; and we will move towards the 
use of renewable energy. These efforts have enabled 
us to reduce our energy consumption by 26.4% 
compared to 2006. We will achieve 100% renew-
able energy consumption for our infrastructures by 
2026 by using geothermal energy, by replacing all 
our heating and cooling by heat pumps using water 
from the lake located nearby, and by buying 5GWh 
per year of solar energy. Furthermore, we will be 
generating solar energy at the airport covering an 
overall surface of 55’000 square meters. 

3. Mobility airside: We are upgrading our fossil en-
ergy-based buses for passengers by equipping them 
with electric motorisation (10 buses today with an 
addition of two more electrified buses per year). We 
are also targeting to replace the airside vehicles with 
electrically motorised ones (currently 29% of them 
are either electric or hybrid). We are also participat-
ing in the investments of our partners to support 
them in doing the same. As an illustration, today 
one of our ground handlers has electrified 50% of 
their vehicles.

4. Mobility: We are also promoting the use of sus-
tainable mobility to reach the airport, and current-

ly over 50% of our passengers come by sustainable 
mobility, whereas we target 45% of our employees 
to do so. In order to achieve these targets we are 
offering buses for passengers and employees for late 
night and early morning hours, where there is no 
public transport. Furthermore, we are offering each 
arriving passenger a free ticket for a journey with 
the public transport system of Geneva.

5. Energy support for airplanes: We have introduced 
direct availability of electricity on an important 
number of parking positions to avoid the use of the 
planes’ engines to generate electricity. We are also 
rolling out heat pumps directly at the parking po-
sitions to provide cold and heat to the planes dur-
ing their turnaround time, again to avoid using the 
planes’ engines to do so.

Furthermore, in preparation of our net-zero emission 
objective, Geneva Airport is offsetting since 2017 its 
CO2 emissions and has this certified by the Airport Car-
bon Accreditation 3+ certification issued by the Airports 
Council International (ACI).

Incentivising greenhouse gas emission reductions by the air-
lines

Currently, there are only four options available to ad-
vance the reduction of greenhouse gas emissions by air-
lines that can be measured and incentivised by airports. 
These are:

1. Increasing the load factor (% of seats occupied in 
the plane) of the flights;

2. Using the last generation of planes with CO2 emis-
sion reductions of up to 20%;

3. CO2 compensation of the airline of their opera-
tions; and finally

4. Using Sustainable Aviation Fuel (SAF).

However, we need also to keep in mind that CO2 emis-
sions are not the only concern for which airports wish 
to incentivise improved operations by the airlines; we do 
also have a concern about noise emissions of the planes. 
Fortunately, the last generation of planes, examples are 
the Airbus 220 (former Bombardier C series and the Air-
bus 319, 320 and 321 NEOs for short to medium-haul 
flights and Boeing 787 and Airbus 350 for long-haul 
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flights), are not only offering a substantial reduction in 
noise (up to 40%) but also in fuel consumption and 
hence also in CO2 emissions (up to 20%). This fact al-
lows airports to develop incentivising policies that simul-
taneously address noise and greenhouse gas emissions.

The next question is what are the means an airport has to 
incentivise any of the above four options? To answer this 
question we need to better understand the nature and the 
contractual basis of the relationship between airlines and 
airports. First, in order to start flying into an airport an 
airline has to obtain a slot for landing and take-off. The 
airline will obtain these for level 3 congestion airports, 
from an independent coordinator. These slots can specify 
conditions for their availability like type of airplane or 
passenger capacity available at a certain moment. Then, 
the airport will define airport charges for the use of the 
airport infrastructure. These charges have to be negotiat-
ed and agreed with the airlines, whereby a direct relation-
ship by costs generated by the use or by the providing 
of infrastructure will be necessary for the use. These two 
mechanisms are highly regulated to avoid any undue in-
fluencing of the market by airports and hence offer in the 
current context of regulations only limited opportunities 
to incentivise the reduction of noise or greenhouse gas 
emissions. Nevertheless, there are still some opportuni-
ties in this framework like in the context of noise taxes, 
where our system, which is in place since the beginning 
of 2018, has taxes adapted to the noise level and is hence 
favouring last generation planes. This has already facil-
itated the change of noisier and higher emission planes 
with last generation planes (one example was the replace-
ment of an Airbus 330 by a Boeing 787).

Nevertheless, this situation can be addressed by com-
bining the tax system with its limitations stemming from 
the regulatory framework, by incentive schemes. At Ge-
neva Airport, we have implemented such schemes to gen-
erate incentives with financial returns on the airport taxes 
based on aspects like use of new airport types or load 
factors. These incentive schemes have been added to the 
airport tax proposal at the beginning of our last negoti-
ations. These schemes have been part of the airport tax 
agreement negotiated with the airlines and the regulator, 
and have been accepted during the last quarter of 2020. 
To illustrate this, here is an example of the impact of such 
an incentive scheme: if an airline increases its movements 
of last generation aircrafts from 10% to 30%, they can 
obtain a return of their landing fees as paid according 
to the tax regulations of 30%. This incentive plan has 
already generated interest to increase the presence of last 

generation airplanes in the locally present fleet of one of 
the airlines operating at the Geneva Airport.

We are also prospectively in discussion to add to these 
incentive schemes a recognition of airlines offsetting their 
CO2 emissions and in the long run the use of SAF.

Finally, airports can also introduce actions to reduce 
greenhouse gas emissions or noise impact in their op-
erating rules. Geneva Airport did not provide slots for 
take-offs after 10pm. This is also because 95% of the 
passengers fly to European destinations, which do not 
require take-offs after 10pm. But in the context of Gene-
va Airport’s strategy to develop its intercontinental con-
nectivity, we have introduced an allowance for last gen-
eration wide-body planes (currently represented by the 
Airbus 350 and the Boeing 787) for take-off after 10pm. 
Currently we have already one airline, Ethiopian Airlines, 
that uses this possibility with its B787 Dreamliner and a 
departure at 10h45pm.

Finally, we believe that the current slot system should 
be extended to allow the further limitation of the use of 
slots to emission-related criteria, like limitations to cer-
tain types of planes or permitted emission levels for cer-
tain slots, and also to the need to develop more qualita-
tively the connectivity of an airport. This last point seeks 
to avoid excessive competition on certain destinations, 
creating too many movements for one destination with 
lower load factors and hence increasing again the emis-
sions per passenger.

In conclusion, this paper should have demonstrated how 
infrastructures, in our case airports, can actually reduce 
the emissions of their own operations but also facilitate 
the reduction of emissions by their users and operators. 
This should further exemplify the importance of the role 
of infrastructures to contribute in the fight against cli-
mate change.
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Greening of Railway Infrastructure: Designing a timely and 
orderly Transition
Alain Quinet*

Greening trains and railway infrastructure assets will provide enormous benefits for society at large. However, Infrastructure Managers need to follow 
a progressive approach: actions need to be deployed over time in the most cost-effective way, depending on the portfolio of clean technologies available 
and of the life cycle of assets.

Railways are broadly perceived as the most sus-
tainable form of mass transport for both passen-
gers and freight. Compared to other modes, rail-

ways generate low CO2 emissions and air pollutants, save 
energy and space, thus reducing the pressure on natural 
resources, habitat and biodiversity. 

When considering external transport costs, a recent EC 
study shows that overall rail traffic scores better for both 
passenger and freight transport than road and air traffic. 
According to the Handbook on the external costs of trans-
port (EC, 2019a), external costs linked to greenhouse gas 
emissions, local air pollution, noise, habitat damage and 
biodiversity, as well as the costs of congestion and crash-
es, sum up in the EU to almost €900 billion annually, or 
the equivalent of almost 7% of EU GDP. These external 
costs vary greatly depending on the transport mode: Road 
transport accounts for 83% of such negative externalities, 
whereas the contribution of rail is smaller than 2%.

Nonetheless, the environmental impact of railways must 
still be improved for three different reasons:

• Business: Railways must demonstrate to their pas-
sengers and freight clients that they are fully en-
gaged in the decarbonisation of transport;

• Acceptability: Railway systems run through urban 
areas, providing a wide range of benefits. Nonethe-
less, noise emerges as a public health and political 
concern in some Member States and generates sub-
stantial opposition to increases in rail freight. Noise 
emissions, therefore, need to be reduced in order 
for increased traffic to be accepted by the public, 
especially for freight and high-speed lines;

• Regulation: Railways must demonstrate that they 
are committed to complying with more stringent 
European and national regulations concerning 

* Alain Quinet, Executive Director, Strategy & Corporate Affairs, SNCF Réseau and Co-Chair of PRIME, alain.quinet@reseau.sncf.fr

soil, water pollution, vegetation management and 
protection of habitat and biodiversity and, more 
generally, to reduce the environmental footprint of 
works. 

In this context, rail infrastructure managers (IMs) can 
“green” railways by providing a decarbonised and silent 
infrastructure to railway undertakings (part I), increas-
ing the capacity of their networks (specifically where 
there is a potential for further modal shift (part II)) and 
by reducing the environmental footprint of infrastruc-
ture works (part III).

These actions can bring considerable environmental 
benefits for society at large. However, three main obsta-
cles need to be overcome: some clean technologies are 
not mature enough or are unavailable; some measures 
come at a relatively high cost, making the case for invest-
ment more difficult. Moreover, the high cost must not 
endanger the competitiveness of the railways, otherwise, 
the benefits of the railways in terms of sustainability may 
be outweighed.

Here lies the main challenge for IMs: finding the right 
balance between environmental benefits and costs. Pro-
viding green assets yields huge benefits for society at 
large, but IMs need to follow a progressive approach 
based on the merit order of greening actions: starting 
with the low-hanging fruit; defining a trajectory of ac-
tions considering the life cycle of assets, minimising the 
cost of retrofitting, and fostering innovation when tech-
nologies (e.g., hydrogen) are not mature enough to be 
deployed. 

Greener assets 

IMs are both asset managers and traffic managers: they 
maintain the infrastructure, provide train paths and 
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manage rail traffic. They can contribute to the railway 
system’s greening by acting on the two residual external 
costs of railway infrastructure in operation: carbon emis-
sions resulting from powering trains and noise.

A low carbon infrastructure

The European Green Deal  (EC, 2019b) calls for a re-
duction of 90% in transport CO2 emissions, in order for 
the EU to become a climate-neutral economy by 2050. 

In 2018, rail accounted for only 0.4% of transport CO2 
emissions and 2% of transport energy consumption in 
EU27. Moreover, rail is the only transport mode to have 
reduced its CO2 emissions almost continuously since 
1990, while carrying about 11,2% of freight and 6,6% 
of passengers on all modes (EC, 2020a).

Figure 1: Evolution of greenhouse gas emissions by 
transport mode in the EU

Source: European Commission (2019): EU Transport in 
Figures. Statistical Pocketbook 2019.

It should be remembered that railways were not origi-
nally climate-friendly:  they appeared during the indus-
trial revolution and were heavy users of coal. The pro-
gressive greening of railway infrastructure comes from 
two fundamental trends: electrification and development 
of low carbon sources of electricity while also showing 
the highest energy efficiency among all transport modes.

The total length of the EU27 rail network in 2018 
was around 201 000-line km. About 56% of the lines 
carrying 80% of traffic are electrified, which practical-
ly means that all mass transit lines are electrified. Elec-
trified trains, however, are not necessarily green by de-
fault, depending on the electricity generation mix in the 
specific country of operation. In some countries where 

electricity generation is very carbon-intensive, it may be 
misleading to claim that electrified trains have zero oper-
ating CO2 emissions. In other countries where electricity 
is sourced from nuclear power or natural sources, such 
as wind or solar energy, operating CO₂ emissions will be 
significantly lower. However, with the EU’s long-term 
energy strategy in mind, the electricity generation mix 
in Europe is expected to become greener. 

This leaves the issue of diesel trains open. Their elim-
ination raises important economic and financial ques-
tions. Electrifying existing lines is a very costly way to 
decarbonise the transport system: it requires huge in-
vestment and further maintenance costs while providing 
limited additional revenues as the electrification does 
not increase the capacity on the network per se. New 
technologies such as batteries are emerging, which allow 
for partial electrification of a line for short distances and 
the use of hydrogen for long distances. 

Infrastructure will need to adapt progressively follow-
ing the merit order of actions:

• the area of relevance of traditional electrification 
should be limited to freight lines with a high po-
tential of traffic;

• partial electrification using batteries to avoid the 
high cost of electrification for forward-stations and 
tunnel sections is a viable alternative, but only for 
short and medium distances given available tech-
nologies;

• for longer distance electrification based on hydro-
gen should be considered in the coming decades. 
Some promising pilot-tests have already been car-
ried out in Germany and the Netherlands. How-
ever, the deployment costs are still too high when 
taking into account production, distribution costs 
(e.g., hydrogen refueling stations) and retrofitting 
costs of rolling stocks.

Silent routes

Railways are rightly considered as one of the greenest 
modes of public transport and benefit as such from the 
support of the public. However, they face growing con-
cerns from local communities concerning noise emis-
sions. This paradox is particularly true in urban or spe-
cific geographic areas (e.g., Rhine Valley in Germany): 
although the benefits of railways in those areas are sig-
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nificant in reducing air pollution and congestion, noise 
emerges as a major obstacle to the development of traffic.

Noise could historically be considered a pure NIMBY 
(Not in my backyard) issue: the opposition of people liv-
ing geographically close to infrastructure, which delivers 
more significant benefits for society at large. Historically, 
local opposition could be dealt with using a mix of state 
prerogatives and compensation for damages and losses 
in land values. Still, the issue nowadays is much broad-
er: railways are more and more a mass transit system, 
running intensively through urban and noise-sensitive 
areas, thereby increasing the number of people exposed 
to noise. According to the latest data reported under 
the Environmental Noise Directive, around 100 million 
people in the EU are exposed to average sound levels of 
55 decibels (dB) or higher during the day, evening and 
night from road traffic noise. Railways are the second 
most important source of noise, with a total of nearly 20 
million people exposed (EU, 2017). 

Although modern electric passenger trains running on 
well-maintained tracks are relatively quiet, older freight 
wagons equipped with cast iron brake blocks can pose a 
significant noise issue, as many freight services are op-
erated at night. Here again, the environmental benefits 
of noise reduction come at a cost that needs to be min-
imised and efficiently shared between the infrastructure 
and the rolling stock: finding an optimal combination 
of track components (e.g., soft rail pads) and improved 
rolling stock, retrofitting freight wagons with less noisy 
brakes. The reduction of noise at the source (trains) is a 
more efficient and less intrusive way of addressing the 
matter than adapting the infrastructure (e.g., erecting 
noise barriers). Furthermore, noise barriers sometimes 
create a visibility barrier for rail passengers as well as 
nearby residents and can attract vandalism and graffiti. 
The revised Noise Technical Specification for Interopera-
bility has defined an efficient compromise with the ban-
ning of “noisy” freight wagons from some of the busiest 
rail freight routes as of December 2024. 

Increasing capacity to allow for a modal shift in fa-
vour of rail

To meet the objectives of the European Green Deal, 
rail will have to take up a bigger share of passenger and 
freight transport. As detailed in the ProRail policy paper 
(2019), an ambitious policy agenda will be needed. This 
calls for careful cost-benefit analysis as rail infrastructure 
implies high fixed costs.

The case for cost-benefit analysis

Cost-Benefit Analysis (CBA) allows the selection of 
relevant options by assessing the socio-economic value 
added by projects or public policies and ranking them. 
The practice of CBA has a long-standing history, dating 
back from the end of the 19th century. It needs, howev-
er, to play a bigger role in the policymaking process of 
climate action. 

In the context of climate action, the key parameters 
are the value of time and the so-called shadow price of 
carbon, which reflects the value put by society on meas-
ures aimed at avoiding the emission of one ton of CO2. 
Whereas a market price is based on the trading price for 
a service or a product, a shadow price is the price that 
reflects the full value to society. In France, a first set of 
values for the shadow price of carbon was defined by a 
specific commission on this topic (Quinet, 2008), with 
a recommendation of €100/t CO2 in 2030. Given the 
new objective of carbon neutrality, a second commis-
sion (Quinet, 2019) recommended considering a shad-
ow price of carbon of €250/t CO2 in 2030. This means 
that all actions which deliver an abatement cost below 
this reference should be considered as they efficiently 
contribute to the net-zero emissions target. Actions that 
deliver abatement costs above this reference should be 
considered as relevant to fight climate change (but may 
be justified by other considerations).

A portfolio of cost-effective actions

A modal shift from road or air to rail requires both an 
improvement in cost-competitiveness and an increase in 
the capacity offered by the railway network. This needs 
to be cost-effective: there is no need to increase capaci-
ty everywhere, hoping for an increase in demand. One 
should instead focus on congested areas and lines: In 
2018, the EU27 network had an intensity of use of 18.2 
thousand train kilometres per line kilometre. The most 
intensively used networks in 2018 were those in western 
Europe, particularly the Netherlands, which has an in-
tensity of use of 50.6 thousand train kilometres per line 
kilometre. The total length of track that was declared to 
be congested in EU27 affected 2 261 kilometres, includ-
ing 1 339 kilometres along rail freight corridors (EC, 
2021).

In this context, it may be, at times, necessary to build new 
lines. This may be the case when a high-speed line between 
two metropolitan areas can induce a significant shift from 
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road and air to rail or when a new freight line is needed to 
bypass a metropolitan area. In these cases, maximising the 
environmental benefit goes hand in hand with maximising 
the commercial and financial objectives: the more traffic 
you capture, the more environmental benefits you get.  

Looking at the socio-economic advantages of a develop-
ment project, a wide range of benefits need to be consid-
ered because a costly new line cannot be justified simply on 
the ground of climate benefits. In this respect, a distinction 
needs to be drawn between passenger and freight traffic.

The high investment costs of a new high-speed line (about 
25 Million € per km) cannot be justified by climate bene-
fits alone, and broader socio-economic benefits need to be 
considered.  Time savings remain the principal advantage 
as they provide a ‘double dividend’: a welfare benefit as 
well as climate benefits when they deliver a shift from air 
and road to rail. Overall, the climate benefits of an HSL 
project account for about 10% of the investment costs.  

The picture appears to be more favourable for freight 
transport for two reasons: investment costs for new freight 
lines are significantly lower than for new high-speed lines 
(5 million €/km compared to 25 million €/km for a high-
speed line) and decarbonising freight transport delivers 
larger climate benefits because the emissions from a freight 
train are superior to the emissions from a passenger train 
and freight trains frequently operate on long distances. 

In most cases, entirely new infrastructure is not a cost-ef-
fective choice. A  portfolio of alternative options is avail-
able to increase traffic thanks to digitalisation and better 
interoperability:

• Digital technologies can increase both punctuality 
and infrastructure capacity on existing lines. For in-
stance, in France, the number of train paths between 
Paris and Lyon will increase from 13 to 17 per hour 
thanks to the retrofit of the high-speed line with 
ERTMS level 2;

• More than half of total rail freight is across borders, 
making the competitiveness of rail freight very sen-
sitive to interoperability and operational difficulties 
between national rail networks. Passenger traffic is 
still mostly domestic, with only 7% of it crossing 
borders in 2018. The interoperability of technolo-
gies, traffic management systems and timetabling, 
with priority given to international trains, can play 

a key role in fostering long-distance traffic for both 
passengers and freight across European countries. 

The case for carbon pricing

A transport network is and will always be multimodal. 
But modal shift in favour of rail is necessary to decarbonise 
mobility. Where passengers are concerned, modal shift can 
come from a time gain of an HSL between big cities or 
road congestion within urban areas, but for other types of 
traffic on conventional lines, the time gains are less rele-
vant. Carbon pricing - or regulation dedicated to reducing 
air pollution - are essential to sustain the competitiveness 
of railways compared to other modes. 

Despite longstanding policy commitments for efficient 
carbon pricing in transport progress has been limited. As 
flagged in the communication on Sustainable and Smart 
Mobility Strategy (EU, 2020b), the “polluter-pays” prin-
ciple needs to be implemented in all transport modes. 
Enlarging the scope of the European Emissions Trading 
Scheme (ETS) to transport or implementing an EU-wide 
eco-tax on trucks would be the most efficient way to level 
the playing field and to reap the carbon benefits of rail, and 
notably rail freight.

Reducing the environmental footprint of infrastruc-
ture works 

In the context of the urgent need to decarbonise our 
transport systems, rail is expected to expand its reach and 
capacity. Across Europe, existing lines are predicted to get 
busier and new lines are planned, and with this growth, 
there is a risk to biodiversity.

Track maintenance and works carried out by IMs impact 
the environment globally and locally. For a significant part 
of day to day activities, IMs don’t have clean options that 
are nearly as cheap as their polluting counterparts. Reduc-
ing the environmental footprint of activities and notably 
of works requires a long-term strategy.  

The carbon footprint of works

Besides the CO2 emissions from powering trains, IMs 
carbon emissions come from a wide range of business 
activities. These include direct emissions stemming from 
road fleet vehicles and buildings (scope 1 and 2 emis-
sions) and indirect emissions generated by the supply 
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chain (scope 3 emissions). Indirect emissions include 
‘embodied carbon’ in products (for example, from the 
energy required to extract raw materials, manufacture 
the materials into a product, and transport the product 
to the site), and onsite contractors using machinery and 
equipment to design, build, maintain and renew the as-
sets. A specific feature of IMs is that the indirect emis-
sions represent a major part of total emissions.

The construction of a new line is indeed responsible 
for massive CO2 emissions, especially in certain circum-
stances such as large tunnel sections. This is also the case, 
to a lesser extent, with renewal investments. In the first 
place, it should be recognised that a large part of these 
emissions is inevitable given the lack of carbon-free tech-
nologies to produce materials such as cement and steel. 

Most importantly, the reference to scenarios to assess 
the impact of works needs to be carefully designed to 
avoid misleading conclusions. True, the ‘payback’ period 
in which lower carbon emissions delivered by a modal 
shift once a new line is in operation offset the higher 
carbon emissions during the construction period can be 
long (depending on the traffic), but the relevant question 
is to consider the alternative scenarios: should we inflict 
congestion costs to passengers in dense areas, build a 
road or reinforce urban sprawl rather than density?

Nonetheless, reducing the carbon footprint of infra-
structure works is a requirement. It should be based on a 
two-pronged approach:

• The companies which supply materials for work 
and projects are critical. IMs spend billions of euros 
each year buying materials. Environmental consid-
erations need to be addressed in the early stages of 
procurement and given a high priority and appro-
priate weighting in the assessment of tenders.

• A life cycle approach implementing circular econ-
omy, focusing on the reuse and recycling of ma-
terials (tracks, ballast, crossings), is a very cost-ef-
fective way to reduce both maintenance costs and 
carbon emissions. 

The local footprint of infrastructure works

The biodiversity challenge is distinct from the climate 
challenge. Increased traffic provides climate benefits but 
can degrade ecosystems through land consumption, 
landscape fragmentation, barrier effects, soil pollution 

and waste. These can threaten the viability of sensitive 
populations and alter ecosystem dynamics. Moreover, 
biodiversity impacts are diffuse and are more difficult to 
quantify and monetise, thus harder to incorporate in a 
cost-benefit analysis.

IMs understand that railway infrastructure should be 
part of the natural landscape, becoming a ‘green net-
work’ integrating vegetation management, protection of 
habitat and biodiversity. While the focus was traditional-
ly on the environmental impact of large-scale greenfield 
projects, IMs are now seeking comprehensive solutions 
that can halt and reverse the loss of biodiversity. 

The most promising avenues concern:

• the eco-design of renewal and development pro-
jects, based on a comprehensive assessment of the 
infrastructure’s life cycle, from construction and 
use through to maintenance;

• a more circular economy, where the railway ex-
tracts fewer virgin resources from the planet, keeps 
materials and resources in circulation and waste to 
an absolute minimum;

• The transition from herbicide based to non-herbi-
cide-based vegetation control.

Carrying out these policy actions should not be based 
only on compliance with stringent norms and regula-
tions but include an environmental management system 
to support the rise of awareness among the organisation’s 
staff on environmental protection and local-level concer-
tation to design specific solutions.

Conclusion

Greening trains and railway infrastructure assets re-
quires actions which need to be deployed over time in 
the most cost-effective way depending on the portfolio 
of clean technologies available and of the life cycle of 
assets to minimise retrofitting costs.

Greening trains and railway infrastructure assets are 
and will be a team effort. IMs must work with passenger 
and freight operating companies that run their services 
as investments must be coordinated between IMs and 
Railway Undertakings. The teamwork extends into col-
laborative planning with municipalities and other pro-
viders of passenger transport (such as cities) as well as 

Network Industries Quarterly | Vol. 23 | N°1 | March 2021              16



dossier

freight buyers. IMs must work with their supply chain 
as a major part of CO2 emissions come from materials.

All these efforts carried out for the benefits of society at 
large need to be sustained by public regulation: selecting 
the policy actions with the best cost-benefit ratio and 
putting a price on carbon emissions are key to deliver a 
smooth and efficient transition to sustainable rail net-
works.

Network Industries Quarterly | Vol. 23 | N°1 | March 2021              17



dossier

References

European Commission (2017) - Report from the Com-
mission to the European Parliament and the Council on 
the implementation of the environmental noise directive 
in accordance with article 11 of directive 2002/49

European Commission (2019a) – Handbook on the ex-
ternal costs of Transport

European Commission (2019b) - Communication 
from the Commission to the European Parliament, the 
European Council, the Council, the European economic 
and social Committee and the Committee of the Re-
gions - The European Green Deal

European Commission (2020a) - Communication 
from the Commission to the European Parliament, the 
Council, the European Economic and Social Commit-
tee and the Committee of the Regions- Sustainable and 
Smart Mobility Strategy – Putting European Transport 
on Track for the Future -  Commission staff working 
document

European Commission (2020b) - Communication 
from the Commission to the European Parliament, the 
Council, the European Economic and Social Commit-
tee and the Committee of the Regions- Sustainable and 
Smart Mobility Strategy – Putting European Transport 
on Track for the Future.

European Commission (2021) - Report from the Com-
mission to the European Parliament and the Council 
seventh monitoring report on the development of the 
rail market under article 15(4) of directive 2012/34/EU 
of the European Parliament and of the Council

ProRail (2019) – An ambitious Policy Agenda Paper

Quinet A. (2008) - La Valeur tutélaire du carbone. 
Centre d’analyse stratégique, Rapports et docu ments N° 
16. Paris: La Documentation française

Quinet A. (2019). La valeur de l’action pour le cli mat. 
France Stratégie, Rapport

Network Industries Quarterly | Vol. 23 | N°1 | March 2021              18



dossier

Network Industries Quarterly | Vol. 23 | N°1 | March 2021              19

Greening Railway Stations: The Italian Experience towards 
intermodal Hubs
Valerio Birindelli, Lorenzo Radice*, Nadia Bert and Germano Guglielmi**

Railway stations are a central element in transportation systems. In Italy, major railway stations are currently undergoing a 
profound transformation. They are no longer just a single-purpose place where trains stop to load or unload passengers. They 
are becoming people-centred hubs where visitors can do much more than just catching a train.

Introduction

Railway stations are a central element in transporta-
tion systems and may become pivotal with the imple-

mentation of the European Green Deal. In this article, we 
will look at the Italian “Station and City Plan” developed 
by the national railway infrastructure manager and reflect 
upon how it fits into the wider context of the greening of 
infrastructure assets. First, we will present the definition of 
sustainable transport and EU (European Union) strategy 
in this field. Then, we will focus on the change that Italian 
railway stations are currently undergoing, moving from 
single-use railway stations to intermodal hubs and poles 
of attraction. In particular, we will present the current de-
velopments at the Roma Termini station. Moving from 
this example, we will analyse the toolbox at the disposal 
of the Italian railway infrastructure manager and look at 
how railway stations are evolving. Finally, we look ahead 
and mention some elements that will be essential for the 
implementation of the strategy for a sustainable evolution 
of the railway station. 

The context: from the early definition of sustainable 
development to the European Green Deal 

The need to define and develop a sustainable transport 
system emerged with the idea of sustainable development 
in the late 1980s. Its definition, by the Brundtland Com-
mission (1987), is a “development that meets the needs 
of the present without compromising the ability of future 
generations to meet their own needs”. In other terms, mu-
tually reinforcing elements of economic, environmental 
and social policy have to be exploited to achieve contin-
uous improvements in living quality for both current 
and future generations. 

Sustainable development has been adopted as the over-
arching long-term goal of the European Union (EU), set 
out in the Treaties of Maastricht and Amsterdam. As such 

the EU has taken the lead in the international sustain-
ability agenda. The EU and its Member States have not 
only agreed upon specific targets and projects, they have 
also adopted several all-comprehensive strategies involving 
the engagement of the stakeholders operating in various 
sectors. Its wide set of policy initiatives for Europe to be-
come climate neutral in 2050, the “European Green Deal” 
(European Commission, 2019) is just the latest step in a 
thirty-year journey. To reach the climate neutrality goal, 
the European Commission states that all transport modes 
(road, rail, aviation, and waterborne transport) will have 
to contribute to the reduction in greenhouse gas emissions 
and become more sustainable. Achieving sustainable trans-
port means putting users first and providing them with 
more affordable, accessible, healthier and cleaner alter-
natives to their current mobility habits. In particular, 
the 2020 “Sustainable and Smart Mobility Strategy” (Eu-
ropean Commission, 2020a) lays the foundation for how 
the EU transport system can achieve its green and digital 
transformation and become more resilient for future crises. 

Against this background, rail plays a crucial role being 
projected to grow significantly by 2050 both in terms of 
passenger transport and in terms of rail freight activity 
(European Commission, 2020b). In particular, train sta-
tions are expected to evolve as part of the new mobility 
system and to take on a much wider range of roles than 
in the past. Thanks to the EU initiative “2021 European 
Year of Rail”, a variety of activities will put rail in the spot-
light throughout 2021 across the continent. They will do 
this to encourage rail-use by both citizens and businesses, 
but also to contribute to the EU Green Deal goal of be-
coming climate-neutral by 2050. 

The concept: from the railway station to the multi-
modal hub

In Italy, Rete Ferroviaria Italiana (RFI), the railway in-
frastructure manager, plays a leading role in the evolution 
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of the national transport system and, intrinsically, in 
the development of major sustainable mobility initia-
tives. Indeed, RFI’s main tasks converge on the ultimate 
objective of increasing the attractiveness and accessibil-
ity of railway transport: those tasks, note, are that of 
guaranteeing fair and non-discriminatory access to the 
national railway infrastructure; ensuring safe circulation 
to all railway undertakings; and providing efficiency and 
development of the network. To this end, its investment 
strategy aims: at strengthening and developing the net-
work; at improving its performance (in terms of safety, 
speed, capacity, etc.), and at constructing, managing 
and promoting integrated and intermodal connections 
and systems that maximise accessibility to railways for 
both passengers and freight. 

On the passenger side the definition and implementa-
tion of the “Station and City Plan” is of key importance. 
This plan aims at transforming passenger terminals 
into intermodal hubs and poles of attraction for the 
development of the hinterland, so they can better re-
spond to environmental, economic and social challeng-
es (see Figure 1 - Rete Ferroviaria Italiana, 2020). 

Figure 1: From the railway station to the multimodal 
hub

The new railway station becomes:

• An integrated Mobility-as-a-Service (MaaS) hub 
with spaces and services capable of ensuring the 
faster, easier, more intuitive and fluid transition 
from one means of transport to another; 

• The vital centre of the smart city, an integral part 
of the urban structure and even a driving force for 
the redevelopment of abandoned, marginal or un-
attractive areas.

This means satisfying the mobility needs of commuters, 
tourists and smart-workers in a safe way. It is imperative 
to enhance the accessibility and attractiveness of the sta-
tion area, at the same time as favouring modal rebalanc-
ing for accessing the station. 

Case study: Roma Termini

In 2018, the FS Italiane Group (with its companies RFI, 
Grandi Stazioni Rail and FS Sistemi Urbani) started an 
important planning and design process to improve the 
Roma Termini terminal and the surrounding area to 
complement the strategic works co-financed by the Ital-
ian Ministry of Infrastructure and Transport. The con-
struction of an elevated tunnel is presently underway 
that, in addition to various services for travellers, features 
a parking lot made of two elevated bridge platforms above 
the tracks. The subsequent construction of a photovoltaic 
panel system of about 10,000 square meters is planned: 
according to the pre-feasibility analysis, it is estimated 
that it will produce a saving of about 400 tonnes CO2 
per year.

Furthermore, on 23 December 2020, the FS Italiane 
Group, together with Rome municipality (Roma Capi-
tale), opened a tender for re-designing the main square 
in front of the Roma Termini train station (Piazza dei 
Cinquecento). According to the tender rules (FS Sistemi 
Urbani, 2020), the participating projects had to achieve 
high standards of environmental, social and architectural 
sustainability, transforming the square in line with the 
guidelines of the SUMP (Sustainable Urban Mobility 
Plan)1 of the city of Rome. On the one hand, the pro-
posals were to enhance the relationship between the sta-
tion and the historical, monumental and archaeological 
elements present in the area. On the other, they were to: 
integrate traditional services with alternative mobility 
systems; organise better public and private parking; and 
improve safety conditions. The initiative marks a crucial 
step in the regeneration of the square and, indeed, of the 
entire urban area of Roma Termini.

At the celebrations for its seventieth anniversary (Roma 
Termini new building was inaugurated on 20 December 
1950), the new Roma Termini is a symbol of the desire 
to restart after the pandemic with an outstanding devel-
opment plan.  

The toolbox: stakeholder engagement, methodological 
analysis, and “nature-based solutions”

Informazione ad uso interno

NEEDS ACTIONS
• Meeting mobility needs  

for daily commuting and 
occasional travel

• Contributing  to 
sustainable development

• Increasing the 
attractiveness of the 
territory

• Improving connectivity 
and network integration

• Working on the “transport node” function of the 
rail station for modal integration

• Enhancing the “service hub” function
• Redeveloping the station neighbourhood

• Rail transport:
• redesigning spaces to maximise path 

linearity
• integrating the offer for direct connections 

with ports and airports

• Local Public Transport:
• coordinating the LPT offer with that of the 

railway system
• redesigning spaces to facilitate intermodal 

exchange

• Sustainability
• Promotion of active, collective and shared 

mobility

* “A Sustainable Urban Mobility Plan is a strategic plan designed to satisfy the mobility needs of people and businesses in cities and their surroundings for a 
better quality of life. It builds on existing planning practices and takes due consideration of integration, participation and evaluation principles”(Rupprecht 
Consult, 2019).
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To transform railway stations into intermodal hubs 
and new poles of attraction, RFI’s commitment builds 
on the “Stakeholder Engagement” process. This in-
volves the direct involvement of company stakeholders 
in implementing ideas in close partnership (Global Re-
porting Initiative – GRI). Indeed, in the case of railway 
stations, this means that RFI works together with the 
municipalities in which the stations are located; and 
that it creates a regular dialogue with institutional and 
social actors in the city to align its needs with societal 
needs and expectations with long-term sustainability in 
mind. In fact, 2020 saw the consolidation of several in-
itiatives where Ministries, Regions and Municipalities 
worked together with RFI, to promote the centrality of 
railway stations and their sustainable integration with 
cities. 

In addition, to better classify its stations, RFI devel-
oped a new methodology, mapping the mobility on 
offer from both railway services and other transport ser-
vices in a given area. Moreover, the analysis not only 
looked at routes and frequencies. It also focused on 
road networks and pedestrian and cycle paths; on the 
potential for shared mobility services; on the parking 
dynamics; and of the circulation regulation and con-
trol system. Using this new approach, each station in 
the Italian network has been classified as one of eight 
predefined clusters (four referring to the macro-area of 
“metropolitan railway” and four to the “hinterland ser-
vice”). This has been done while taking into considera-
tion its level of interconnection and integration with 
public transport and its attractiveness potential. This 
clustering will help set up the new development actions 
for the stations. This will further enhance not only the 
aspects most closely linked to rail transport, but also 
those relating to intermodality and general services for 
travellers so that the stations can shine as transport hubs 
and poles of attraction.

A core element in the RFI’s approach to transform-
ing stations is that of operating according to criteria 
and solutions for ensuring the sustainability of the 
buildings and their operations. This is very much in 
line with international standards: “LEED protocol” 
for the design, construction and management of ener-
gy-sustainable buildings; “Envision Protocol”, for the 
assessment of the environmental sustainability of the 
designed works. This strategic approach allows for plan-
ners to take full advantage of the climate and context 
in which the intervention is located, working past the 
old Business-As-Usual approach, and implementing 

“Nature-Based Solutions” (NBS) strategies2. With 
stations, this means, in particular: the design of spac-
es and services for greater social inclusion; the devel-
opment of a methodology for energy diagnosis; buildings 
water and energy efficiency; the use – where possible – of 
recyclable or, in any case, sustainable materials according 
to the Life Cycle Assessment; the continuous improvement 
of the quality of the spaces taking into account air, water, 
nutrition, fitness, physical and mental comfort factors; the 
development of a monitoring and management system for 
the new features applied to Smart Energy Management al-
ready to be found in stations; the introduction of green el-
ements (planted green areas), improving the microclimatic 
conditions near the station; the reduction of pollutants 
through a filter/barrier effect for both outdoor and indoor 
environments; and the reduction of noise pollution.  

Conclusions: goals and future perspectives

Transforming the station into an efficient integrated mo-
bility hub – that is also in line with the guidelines of the 
SUMPs – demands a perspective shift. There needs to be 
a new centrality given, on the one hand, to the needs of 
travellers and citizens, on the other, to the multimod-
al context and to overall station accessibility. At the same 
time, the inclusion of new services and functions in the 
station and a higher quality environment in the surround-
ings can ensure greater attractiveness for the station itself, 
while improving the safety and liveability of the spaces 
available to travellers and the general urban context. There-
fore, the RFI has identified specific interventions to pursue 
the aforementioned methodology, in addition to its tradi-
tional tasks:

• increasing pedestrian spaces, ensuring simpler, more 
fluid and more attractive itineraries;

• creating safe bicycle lanes that connect the station 
to the cycle network and the main attractions of the 
city while providing services such as bike stations and 
workshops;

• making local public transport lines more efficient;

• promoting shared mobility;

• optimising and regulating the presence of parking 
areas;

• supporting the installation of e-charging stations; 

* “Solutions that are inspired and supported by nature, which are cost-effective, simultaneously provide environmental, social and economic benefits and 
help build resilience. Such solutions bring more, and more diverse, nature and natural features and processes into cities, landscapes and seascapes, through 
locally adapted, resource-efficient and systemic interventions” (European Commission).
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• offering info-mobility tools, a technology that is in-
creasingly able to reduce overall travel times.

To track evaluate the evolution – qualitative and quan-
titative – of intermodality around the railway stations 
through time, the RFI developed the “movement monitor-
ing system”. This is already in place and will be key for the 
assessment of different interventions.
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Greening of Ports: Sailing the green Course?
Sergi Sauri*, Christa Sys** and Thierry Vanelslander***

Maritime shipping and ports are important contributors to air emissions. Legislation is available at various policy levels, but more solutions are 
needed that are in a further stage of development, taking into account also the economics of the various involved actors.

Introduction

European ports are key gateways for the Europe-
an economy and global trade. Next to this, they 

also accommodate passenger transport as well as cruise 
and tourism activities. Furthermore, ports are home to 
industrial activities and play a key role as energy hubs 
with energy commodities representing a substantial part 
of traffic volumes.

Notwithstanding the critical role that ports play, the 
environmental sustainability of port activities is a grow-
ing concern for port stakeholders, policy makers and 
local communities. Shipping and port activities affect 
the natural environment and have a negative impact on 
human health and marine ecosystems. Harmful effects 
of port activities include air emissions, noise and wa-
ter pollution, congestion and waste generation, among 
others. Environmental issues arise from vessel and cargo 
handling operations, hinterland transport modes, port 
development and industrial activities in ports. A sub-
stantial part of the externalities of port operations results 
from shipping.

This contribution gives an overview of the current situ-
ation with respect to emission problems in shipping and 
ports, as well as a state of policy-making on the matter.

Air emissions from shipping

Emissions from ships represent the primary source 
of air pollution in the majority of ports (Eyring et al., 
2009, Mueller et al., 2011, and Wang et al., 2020, for 
instance). Furthermore, port emission inventories show 
that most of these emissions occur at berth and while 
manoeuvring. Accompanied by considerable fuel con-
sumption, marine transport produced 1.056 million 
tons of CO2 in 2018, representing 2.89% of the global 
CO2 emissions (IMO, 2020). In addition to this green-
house gas (GHG), maritime fleets also emit a consider-
able amount of other pollutant emissions such as NOx 

and SOx: according to Deng (2021), between 2014 and 
2018, annually:

• NOx emissions increased from 19 million tons to 
20.9 million tons 

• SOx emissions increased from 10.2 million tons to 
11.3 million tons.

Moreover, most shipping emissions (CH4, CO, CO2 
and NOx) are expected to grow fourfold up to 2050. 

The regulation of shipping emissions is insufficient, 
slow and complex due to the fact that maritime trans-
port is, by nature, an international activity. Companies 
in the sector demand maximum uniformity and stabil-
ity in rules and regulations in order to ensure a level 
playing field for the industry and to allow for planning 
and scheduling of their investments over time. For that 
reason, emissions from international shipping are reg-
ulated at the international level by the International 
Maritime Organisation (IMO) under the International 
Convention for the Prevention of Pollution from Ships 
(MARPOL 73/78). The regulations for the Prevention 
of Air Pollution from Ships (Annex VI) seek to mini-
mise airborne emissions and their contribution to local 
and global air pollution, as well as other environmental 
problems. 

MARPOL Annex VI lays out global progressive reduc-
tion standards for emissions of SOx, NOx and partic-
ulate matter (PM) and defines emission control areas 
(ECAs) to help further reduce emissions of those air pol-
lutants in designated sea areas. At the moment, only the 
MARPOL provisions on SOx emissions are covered by 
EU law. Directive (EU) 2016/802, known as the ‘Sul-
phur Directive’, regulates SOx emissions from ships. 
This Directive integrates the sulphur emission standards 
defined in the MARPOL Annex VI, which set stricter 
sulphur limits for marine fuel in SECAs (0,10%) and 
sea areas outside SECAs (3,50%), since 2015. The latter 
limit is further strengthened since 2020 through a global 
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0,5% sulphur cap on marine fuels. On 1 January 2020, 
the Sulphur Directive also introduced a 0,1% maximum 
sulphur requirement for fuels used by ships at berth in 
EU ports and a 1,50% for passenger ships operating on 
regular services to or from any EU port in sea areas out-
side the SECAs. The sulphur limit for vessels at berth 
in EU ports has been the critical element in reducing 
SOx emissions, to the extent that these emissions are no 
longer a priority for action in EU ports. Furthermore, 
the last report on implementation and compliance with 
the sulphur standards for marine fuels set out in Direc-
tive (EU) 2016/802 (European Commission, 2018) re-
ports a significant reduction of sulphur dioxide concen-
trations in regions bordering the SOx-ECA.

However, emissions of PM and NOx from internation-
al ships are not regulated by the EU. The IMO desig-
nated the North and the Baltic seas as ‘Nitrogen Oxides 
Emission Control Areas’ (NOx-ECAs) in July 2017. 
This implies that an engine installed on a ship construct-
ed after 1 January 2021 that operates in the Baltic Sea or 
the North Sea has to comply with the ‘Tier III’ engine 
requirements laid out in MARPOL Annex VI. Since this 
regulation only addresses new ships built after 2021 and 
only those ships operating in a NOx-ECA, it is not ex-
pected that there will be any significant short- or me-
dium-term improvement in NOx emissions in the EU.

So far, only one Member State has put forward a meas-
ure to address NOx emissions from (domestic) shipping. 
In 2008, Norway created a NOx Fund as an instrument 
to reduce NOx emissions from shipping (and a num-
ber of other sectors) and as an alternative to the existing 
NOx tax. Companies joining the NOx fund pay a fee 
to the organisation, instead of the fiscal NOx state tax, 
in order to incentivise participation. In return, affiliated 
companies can apply for and get NOx funding for NOx 
reduction measures, and the industry commits to certain 
obligations in the form of emission ceilings. Recently, 
shipping companies have claimed that the taxation of 
CO2 has undermined efforts towards NOx reductions. 
In January 2018, Norway removed the exemption from 
the national CO2 tax of liquefied natural gas (LNG) as 
fuel on ships and increased the tax on NOx to €500 per 
tonne of CO2. This has caused LNG to be more expen-
sive with a knock-on effect on the NOx fund invest-
ments for LNG fuelled ships, whose business has been 
affected. This is a clear example of how energy taxation 
can influence investments in the greening of maritime 
transport. 

Since IMO regulations do not specifically consider ship 
emissions in ports, regulations at the regional level (EU 
Sulphur Directive, California CARB) and industry (vol-
untary) initiatives have taken over the role of addressing 
shipping emissions in ports and particularly at berth. It 
should be noted that these two regulatory attempts have 
two very different approaches. The EU Sulphur Directive 
imposes an emissions limit at berth while not imposing 
any technical solution to reduce them. Meanwhile, the 
California regulation has favoured the connection of ves-
sels to grid-based shore power and only, in some cases, 
allows other (approved) alternative emission reduction 
measures.

The Marine Environment Protection Committee 
(MEPC, 2011), a committee of the IMO, did make 
amendments to the MARPOL 73/78. From 1 January 
2013, the Energy-Efficient Design Index (EEDI) and 
the Ship Energy Efficient Management Plan (SEEMP) 
became mandatory for all vessels over 400 gross tonnes. 
These systems attempt to further enhance the reduction 
of greenhouse gas emissions. 

The EEDI is a benchmark on the energy efficiency 
set to reduce exhaust gas on newly-built vessels. It is a 
non-prescriptive measure that helps the industry decide 
which technologies should be installed on a specific ship 
design. When the emission of CO2 is above this bench-
mark, the design of the vessel has to be changed. 

The SEEMP is an operational measure that helps the 
shipping company improve the energy efficiency of its 
operations in existing vessels. The SEEMP shows how 
energy savings can be made in four steps: planning, im-
plementation, monitoring and self-evaluation. 

MEPC (2011) also discusses other possibilities of re-
ducing greenhouse gas emissions, such as market-based 
mechanisms. These mechanisms put a price on green-
house gas emissions, consequently giving economic in-
centives to the industry to invest in vessels and technol-
ogies with low emissions. The generated revenue can be 
used to limit climate change (IMO, 2011). These mech-
anisms could include:

• A levy on vessels that do not meet the EEDI stand-
ard;

• A levy on all greenhouse gas emissions coming 
from all types of vessels;
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• A global emission trading system;

• A penalty on trade and development;

• A rebate mechanism for a market-based instrument 
for international shipping.

(IMO, 2010).

These are two new measures: the technical requirement 
to reduce carbon intensity, based on a new Energy Effi-
ciency Existing Ship Index (EEXI), and the operational 
carbon intensity reduction requirements, based on a new 
operational carbon intensity indicator (CII). In a recent 
publication, Rutherford et al. (2020) concluded that 
the EEXI would only marginally reduce CO2 from the 
2030 fleet, but it would be more impactful if evaluated 
at higher engine loads. 

With regards to GHG emissions from shipping, fol-
lowing the Paris Climate Agreement in 2015 in which 
shipping was not included, and under the pressure of 
the EU, the IMO adopted an initial Green House Gas 
(GHG) Strategy in April 2018. This GHG-Strategy sets 
out two objectives taking 2008 as a baseline year.

• The first target aims to reduce the average carbon 
intensity (CO2 per tonne-mile) by at least 40% by 
2030 while aiming for 70% by 2050.

• The second target aims to reduce total GHG emis-
sions from shipping by at least 50% by 2050 and 
hopes for the phasing out of such emissions as soon 
as possible within this century. 

The strategy and its targets will be reviewed in 2023, 
based on information gathered from its Data Collection 
System and from a fourth IMO GHG study undertaken 
in 2019.

The EU also laid out general decarbonisation goals 
with a target reduction of GHG emissions of 80% below 
1990 levels by 2050 and milestones of 40% cuts by 2030 
and 60% by 2040. Since all sectors are expected to con-
tribute, the EU has put forward the following measures:

• The EU ‘MRV’ regulation  

• The EU ETS Directive: The Emission Trading 
Scheme (ETS) 

It can be expected that if a shipowner is forced to take 
measures to fulfil new criteria, they will opt for the solu-
tions that are the least costly. There are three reasons why 
it could be argued that investing in new technologies, to 
reduce the EEXI could be problematic due to too much 
uncertainty:

• The effectiveness of the new technology is un-
known or not yet proven;

• The actual fuel consumption of a ship is related 
to the total propulsion system, including external 
effects. Therefore, the technologies’ effectiveness 
depends not only on the total propulsion system 
but also on external effects;

• The high volatility in the bunker fuel price and the 
unknown development of the bunker price make 
investments in new technologies more risky.

Solutions for shipping and the role of ports

Driven by the EU Directive  2014/94/EU on the de-
ployment of alternative fuels infrastructure, EU ports 
are making substantial investment efforts to develop 
Liquefied Natural Gas (LNG) bunkering facilities. In 
addition, several EU ports (a.o. Gothenburg, Ham-
burg, Bremen, Rotterdam and Barcelona) promote the 
use of LNG through important rebates in the port dues 
charged to ships.

The carbon intensity of fuels needs to be assessed from 
well to tank in accordance with standards based on life 
cycle assessment. This will enable biofuels and synthetic 
fuels to be accounted for as carbon-neutral while pre-
venting the use of zero-carbon fuels made by carbon-in-
tensive processes (e.g., hydrogen produced from natural 
gas) (DNV, 2020). Key aspects to study are the potential 
to re-use LNG infrastructure for biogas and require-
ments for the supply of other well-to-propeller zero-car-
bon fuels.

One of the measures adopted by ports to reduce local 
air emissions from ships in ports is the provision of On-
shore Power Supply (OPS) technologies, also called Cold 
Ironing or Alternative power supply. Vessels equipped 
with OPS can turn off their auxiliary engines and re-
place power generated onboard the ship with electricity 
generated onshore. The European Alternative Fuels In-
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frastructure Directive sets out that OPS shall be installed 
as a priority in ports of the TEN-T Core Network, and 
in other ports, by the end of 2025 unless there is no 
demand costs are disproportionate to the benefits, in-
cluding environmental benefits.

However, electricity produced from the combustion 
of marine fuel on board ships is tax-exempt. But, when 
ships at berth are plugging into the shore-side electric-
ity system, they have to pay taxes applied to electricity. 
OPS electricity can be tax-exempted for a limited period 
as laid down in Article 19 of Directive 2003/96 (Ener-
gy Taxation Directive). Since 2011, Sweden, Germany 
and Denmark have been provided with a permit to tem-
porarily apply a reduced rate of taxation to shore-side 
electricity for ships. Recently, other countries, such as 
Spain, have joined the exemption. However, the reduc-
tion is often insufficient. The EU port sector is therefore 
calling for a permanent EU-wide tax exemption for the 
use of shore-side electricity under the Energy Taxation 
Directive.

Likewise, the EC should explore the impact of marine 
battery technology in ships (vessels’ lithium batteries / 
battery-powered / electrified vessels) on OPS solutions. 
In hybrid vessels, batteries are charged at sea using the 
vessel’s main engines and used while at berth to reduce 
emissions in the port. For more extended port stays, bat-
teries may be charged using shore-side power. To date, 
only a small number of battery-powered vessels are in 
operation, but several initiatives are underway to push 
those figures higher. 

Figure 3. Battery-powered vessels either in operation or 
under construction around the world (2018)

OECD/ITF (2018) analysed the existing port incen-
tives schemes as drivers of change in the greening of mar-
itime transport with the following conclusions:

• Port incentives should have a more mandatory 
character and be harmonised to some extent in 
terms of green ships definitions to allow shipping 
companies to benefit from them;

• A more robust application of the polluter pays 
principle is needed, in line with the principles of 
EU environmental law;

• Efforts should be made to improve the measure-
ment and assessment of the impact of port incen-
tive schemes on shipping emissions.

Greening port operations

While a lot of attention usually goes to ships in the 
greening debate on maritime supply chains, ports’ op-
erations should also be considered when talking about 
port greening (Vanelslander and Sys, 2020). Growing 
port activities themselves come with an environmental 
burden that needs to be mitigated through a more sus-
tainable and efficient operational model. 

The World Ports Sustainability Program (WPSP) of the 
International Association of Ports and Harbours (IAPH) 
is an international initiative of eleven leading ports 
(Antwerp, Barcelona, Gothenburg, Hamburg, Le Havre, 
Long Beach, Los Angeles, New York & New Jersey, Rot-
terdam, Vancouver and Yokohama) that are working on 
plans to reduce CO2 emissions from shipping and ports 
and improve air quality. Examples of initiatives taken by 
ports listed under the initiative involve:

• upgrade existing environmental sensors set with 
new sensors;

• develop a Port Environmental Performance IT 
platform that will receive real-time data from the 
sensor networks and existing operating systems in 
each port (i.e., PCS);

• decrease port traffic congestion and reduce CO2 
emissions from trucks;

• optimise vessel calls before and after port closure 
due to bad meteorological conditions;

• predict air quality and noise levels and generate no-
tifications to government institutions when certain 
emission levels will be exceeded;
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• predict how ship-to-shore crane productivity will 
be affected by waves, currents and wind and send-
ing warnings 48 hours in advance to vessels calling;

• inform shippers about the real emissions generat-
ed by their shipments in door-to-door transport 
chains.

Conclusions

Several adverse environmental effects, as well as strate-
gies and policies to tackle them, have been pointed out 
in the previous sections. Following the 2019 Green Deal 
Strategy of the European Commission, it is important 
to have an overview of strategies and practices pursuing 
economic growth paired with green objectives and to aid 
in knowledge sharing and identification of the tools in 
pursuing similar objectives by other ports and authori-
ties and adjusting them to their specificities.

While there are regulatory recommendations at the 
global level, implementations at the EU country level 
are uneven and still slow. The multitude of stakehold-
ers involved in reducing emissions from ships and the 
maritime sector’s international scale make common or 
similar regulation at the European level difficult. Short-
term challenges should focus on extending technological 
advances in fuels and port energy supply facilities to the 
maritime and port sector, respectively. 
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“Building and Governing EU Networks”

Presentation of the next issue

The EU’s basic objective is to create a Single European Market as a tool for political integration. This objec-
tive is being transposed into all economically relevant sectors. 

In the infrastructures, this objective translates into the unbundling of the network industries into a monop-
olistic infrastructure on the one hand and a market for services delivered on the basis of these infrastructures 
on the other. 

On the basis of these unbundled infrastructures at the national level, the EU aims at creating interconnected 
infrastructures which offer full interoperability for all the services provided on these infrastructures. This aim 
is being implemented in a systematic way in electricity (“copper-plate Europe”), in railways (“Single European 
Railway Area”) and in air transport (“Single European Sky”). One could add to this road infrastructures and 
perhaps telecommunications infrastructures, even though unbundling does not take place there. 

Of course, the implementation of this idea progresses differently in the different infrastructures, owing to 
technological specificities, national interests, and funding requirements, among others. In this NIQ we will 
look at electricity, rail and air EU-wide infrastructures, how they have developed, whether they make progress, 
and what obstacles they encounter. In the last paper, we will also explore whether this idea of an EU-wide 
infrastructure can also apply to digitalisation.
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Implementation of the liberalization process has brought various 
challenges to incumbent firms operating in sectors such as air transport, 
telecommunications, energy, postal services, water and railways, as well as to 
new entrants, to regulators and to the public authorities.
Therefore, the Network Industries Quarterly is aimed at covering research 
findings regarding these challenges, to monitor the emerging trends, as well 
as to analyze the strategic implications of these changes in terms of regulation, 
risks management, governance and innovation in all, but also across, the 
different regulated sectors. 
The Network Industries Quarterly, published by the Chair MIR (Management 
of Network Industry, EPFL) in collaboration with the Transport Area of the 
Florence School of Regulation (European University Institute), is an open 
access journal funded in 1998 and, since then, directed by Prof Matthias Finger.

Open Call For Papers

The Network Industries Quarterly is a multidisciplinary international 
publication. Each issue is coordinated by a guest editor, who chooses four 
to six different articles all related to the topic chosen. Articles must be high-
quality, written in clear, plain language. They should be original papers 
that will contribute to furthering the knowledge base of network industries 
policy matters. Articles can refer to theories and, when appropriate, deduce 
practical applications. Additionally, they can make policy recommendations 
and deduce management implications. 
Detailed guidelines on how to submit the articles and coordinate the issue 
will be provided to the selected guest editor. 

Article Preparation

Published four times a year, the Network Industries Quarterly contains short analytical 
articles about postal, telecommunications, energy, water, transportation and network 
industries in general. It provides original analysis, information and opinions on current 
issues. Articles address a broad readership made of university researchers, policy 
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