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Abstract A transformation of our current transport system
and individual mobility behaviour is an essential pre-
requisite for attaining a desirable future that enables a life
within environmental boundaries (Bsafe operating space^)
and higher well-being at the same time. Accordingly, this
paper focuses on the potentials of a resource-saving, sus-
tainable transport system with reduced, but still satisfactory,
mobility. To achieve the vision of resource-efficiency in
Europe, a new understanding of mobility is needed: Bthe
mode of travel is the reward of the journey ,̂ meaning that
it is not about travelling fastest and frequently, but unhur-
ried (easy-going), infrequently and sustainably. We describe
a socially inclusive and innovative transport system that
could achieve this vision and discuss the kinds of policy
measures that would be required to implement it. Changes
are required in many areas including values, preferences,
infrastructure, technology, governance and the economy.
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Introduction and current dilemma of human
mobility

Historically, spatial mobility has been a crucial characteristic of
human development (migration, the exchange of attitudes,
values and knowledge or the spread of wealth) and civilisation
(industrial revolution, the nature of wars, globalisation or land-
sealing). While mobility in its early stage was rather
characterised by self-sufficiency, sustainability (Bnatural or or-
ganic powered^) and a low level of transportation, as well as
shared and slow travel, present mobility is usually the opposite.
For almost a century our understanding of mobility as a mainly
fossil-fuel powered transportation determines our daily life set-
tings, urban and spatial planning. Accordingly, systems of pro-
vision (e.g., infrastructure, road networks and mobility options
offered) [1] as well as our work- and leisure-travel behaviour
have been designed on the principle of individual motorised
mobility. This affects consumption choices and behavioural
practices [2]. For instance, a public transport system of poor
quality implies a low usage; a lack of sustainable mobility infra-
structure and options offered (e.g., cycle lanes, sharing schemes
ormobility plans) results in Bcar-addiction^ [3]; or shifting shop-
ping facilities out of the city triggers car travel and the economic
dying of city centres. As a consequence, our mobility behaviour
and means have become responsible for massive environmental
(e.g., air pollution, climate change, bio-diversity loss and dam-
age to eco-systems, land-waste and numerous road kills1 of
living creatures2) and societal harm (e.g., reduced health and
quality of life, social exclusion due to transport costs, availability

1 Cf.http://ec.europa.eu/eurostat/tgm/table.do?tab=
table&init=1&language=en&pcode=tsdtr420&plugin=1
2 Cf. http://www.vcoe.at/de/presse/aussendungen-archiv/
details/items/vcoe-im-vorjahr-kamen-fast-25000-hasen-
unter-die-raeder-27032013
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and means, a capitalistic globalisation stimulating commuting
and often global trade or goods transport that is not satisfying a
demand).

As long as present mobility continues to rely on fossil fuels
and is achieved mainly through individual motorised vehicles,
geographical and societal transportation hotspots like Europe
will face many transportation-related challenges. Addressing
and copingwith these challenges is a very critical and pressing
endeavour that requires a transformation of transportation
with respect to both understanding and performance (mobility
behaviour and practices) [4]. We argue in this paper that a
transformed transportation system should be multi-modal,
sustainable, affordable, inclusive and shared. Alternative sus-
tainable developments such as e-mobility based on renewable
energy, improved public transport schemes, sharing and
pooling platforms, multi-modal transport schemes, sustain-
able individual mobility and pro-active citizens could be of
particular relevance in this regard.

The purpose of this paper is to present a holistic vision of
future mobility in Europe, which is feasible within a safe op-
erating space [5, 6], is sufficient in its means, efficient in its
performance and inclusive in its availability. Through the ap-
plication of a backcasting approach [7], to achieve a vision of
a sustainable future developed by experts in a participatory
setting, we develop a pathway from the current situation.
The vision is of future transport in Europe enabled and main-
tained by a strong civil society (bottom-up), meeting the needs
of many and contributing to a higher well-being for all. The
pathway to achieve this vision is then discussed followed by a
presentation of possible transition challenges and potential
key policies and governance approaches to overcome these
challenges. Finally, windows of opportunity, critical issues
and related research needs are discussed.

In contrast to many other discussions about sustainable fu-
tures, this vision tries to go beyond conventional perspectives
and mainly technological based approaches. Its basic idea is
rooted in the participation and engagement of citizens,
bottom-up processes of niches, new businesses and manage-
ment strategies and responsible governance. It highlights rather
a low-carbon, conscious and decelerated multi-modal mobility
assisted by small-scale technological innovations applied in
cooperation and performed by sharing. Through combining
and adapting social and technological innovations (e.g., the
use of ICT for mobility means and services or the use of the
internet for the exchange of practices and opportunities) the
frequency of rebound-effects can be reduced to a minimum.

Present situation and expected prospective
development (BAU)

Never before have so many people and goods been
transported globally. Technological innovations, multi-modal

transport infrastructures and the relatively low cost of trans-
port enable a high level of individual mobility (business and
leisure). As a result transport is responsible for at least one
third of global CO2 emissions [8–10], an increase of air pol-
lution and associated health problems [11–14] and declining
quality of life in urban areas [14, 15]. In particular, densely
populated areas like Europe are characterised by heavy traffic
and related air pollution [11, 14]. Individual mobility by car
still predominates in the modal splits across Europe.3 Compa-
rably low prices of fossil-fuel passenger and freight transport
stimulate travelling by airplane or shipping goods globally,
instead of travelling by train [16] or shopping locally. Current
economic and societal developments influence the state of
mobility in various ways. For example, globalisation and the
economic crisis stimulate outsourcing of production and
movement of jobs, which has impacts on regional depopula-
tion, commuting, urbanisation and segregation (higher build-
ing prices). Across Europe the need to commute is spreading
(Bsurvival-driven mobility^),4 leading to massive congestion.
Here, mobility loses its actual meaning.

Even though car-sales rates and aspirations for car-
ownership among the youth in urban areas are shrinking
[17, 18], European cars per household5 (independent of the
particular income level) [19, 20] and transport-related emis-
sions are growing [21]. The Bdigital revolution^ of ICTs
(Information and Communication Technologies), advancing
e-commerce, tele-work or video conferences as real alterna-
tives to conventional work performance, has only minor
influence on the reduction of work-related mobility (com-
muting and business trips) [22].

Recently the use of ICTs during travelling, especially in the
case of driving cars, has become a major problem for main-
taining secure and safe urban road traffic. Traffic accidents
due to multi-tasking and the use of ICT devices are rapidly
growing [23]. Nonetheless, ICTs contribute at least to the so-
cial inclusion of mobility-impaired and -constrained people
[24]. Similarly, governmental and technical resource-
efficiency measures have been insufficiently effective. For
instance, the actual efficiency of new engines or power units
depends on its form of drive (e.g., fuel, diesel, gas or electric-
ity), application and use [25, 26]. In comparison to older,
lighter and simple operating cars, present heavier and bigger
vehicles equipped with a mass of electronics demand much
power/energy in operation, are more resource-consuming in
production and, depending on the particular use, new cars are
comparably inefficient [27]. Improvements of renewable-
powered vehicles (e-mobility) and infrastructure (network of

3 Cf. http://www.epomm.eu/tems/index.phtml
4 Cf. http://www.zeit.de/2013/13/pendeln-gesundheitsrisiken-
interview-schneider
5 Cf. http://ec.europa.eu/eurostat/tgm/table.do?tab=
table&init=1&language=en&pcode=tsdpc340&plugin=1
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solar-generated charging stations) are promising develop-
ments with regard to the replacement of fossil-fuel-powered
vehicles and enabling multiplier-effects as well as closed re-
source consumption loops.

It becomes increasingly evident that if Europeans continue
along this business-as-usual path, they run the risk of produc-
ing even higher levels of socio-economic and environmental
changes with disastrous consequences. Hence, a transforma-
tion of the European transportation system is not only desir-
able, but in fact is urgently needed.

The following vision was developed through an extensive
literature review of current existing vision documents and a
vision workshop (July 2013) and stakeholder workshop (De-
cember 2013) within the EU-supported project: BPolicy Op-
tions for a Resource Efficient Economy^ (POLFREE).6 Dur-
ing the first workshop, the elements of a vision for a resource-
efficient Europe in 2050 were assembled. The vision was then
presented to a group of stakeholders, including representatives
from policy-making, business and civil society as well as other
experts on resource efficiency, who discussed the elements
and through a participatory workshop process agreed on the
final composition of the vision. Subsequently, three possible
pathways to achieve the vision have been elaborated by the
project team and presented to stakeholders (June 2014). In this
paper, we focus on the pathway in which large-scale involve-
ment of civil society, as opposed, for example, to top-down
governmental regulation, achieves the vision.

The aim of the envisioning process was to deliver an
image of a sustainable and desirable future Europe that
uses resources in a much more efficient and sufficient
manner. This image of the future Bthat we want^ can then
stimulate discussion among all stakeholders about the
transformation necessary to achieve it.

Vision of a sustainable mobility in Europe

In 2050 Europeans have adopted a new understanding of mo-
bility: Bthe mode of travel is the reward of the journey .̂ Being
mobile is not about travelling fast and frequently anymore, but
about travelling patiently, advisedly and sustainably. People
are now aware of the Breal costs^ of unsustainable transporta-
tion for humans and the environment.

Based on this new understanding, mobility behaviour
and practices have changed dramatically. The Battitude-
behaviour-gap^ still exists but on a much lower level
than in present times. In particular as a result of partic-
ipatory governance, people are now more willing to
adapt their behaviour towards a more resource-saving
lifestyle. They are more aware about the limits of planet
earth and the consequences of their behaviour towards

the environment. Due to this new understanding of mo-
bility, which has brought about a fundamental transfor-
mation of the European transport system, people are
now living well and within planetary boundaries [6].
The overall effect and the societal meanings of mobility
are seen from a new perspective: the importance of
being mobile for social inclusion and participation in
the social and cultural daily life of poorer, elderly and
handicapped individuals is recognised strongly. Mobility
is accessible and affordable for everyone, managed by
new systems of provision with the help of ICTs and by
the application of low-carbon technologies. There are
still cars, but they are now powered by a mix of elec-
tricity, hybrid engines and renewable fuels. This has
resulted in a radical improvement of the environmental
and social performance of Europe’s transportation.

In-line with Europeans’ emission goals from 2015 [28]
transport emissions in 2050 have been reduced by 60 % from
1990 levels [8]. The transportation sector no longer counts as a
major source of emissions, air pollution, noise and health
problems. The total traffic volume in Europe has decreased
significantly, but the new transportation system is sufficient in
its means, efficient in its performance and inclusive in its
social impacts. Moreover, the EU’s vulnerability to oil supply
and prices has been reduced considerably through reliance on
renewable sources.

In 2050 cities are attractive places to live. Urban
designers are now aware that determinants, such as
access to public transport, green space and local ame-
nities, can enhance the health and well-being of resi-
dents. New forms of sustainable urban mobility have
changed peoples’ mobility behaviour radically and
made cities much greener, cleaner and quieter places.
Mostly people now live close to their work places and
everyday service facilities. They work less hours and
spent more time in locally- or home-based offices.
Teleconferencing largely replaces face-to-face meetings.
Therefore, commuting and frequent travelling for work-
related purposes are no longer common practice.
Telework has led to a better work-life balance and
lower commuting stress [29].

In 2050 only very few Europeans still own cars private-
ly, and the number of private cars per household has de-
creased. Conventionally powered cars are almost absent in
urban areas [8]. Urban goods and freight transport is usu-
ally done by cargo bikes7 for small- to medium-sized
goods and by low- or zero-emission lorries. Urban spaces
formerly devoted to cars have been transformed to green
areas, cycling lanes and pedestrian zones. As a

6 https://www.ucl.ac.uk/polfree

7 Cf. http://www.christianiabikes.de/; http://www.eltis.org/
index.php?id=13&lang1=en&study_id=3015 and http://
www.eltis.org/index.php?id=56
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consequence, urban mobility is now preferably performed
by cycling and walking. This contributes to the health and
overall quality of life of all inhabitants. Sharing cars with
neighbours, friends and family has become common prac-
tice. New sharing-systems and forms of collaborative con-
sumption have emerged all over Europe and contribute to
significant reductions in vehicle ownership [30] and a
higher intensity of usage.

In general, people have shifted their preferences from
individual motorised mobility to shared, sustainable and
more integrated modes of travel. In 2050 the public trans-
portation system has been expanded significantly. It now
includes low-carbon buses, trams and metros, but also pub-
lic bike-sharing facilities, public renting services for shared
electric vehicles and transport on demand for disabled peo-
ple. Due to new intermodal transport infrastructure solu-
tions, using the public transportation system has become
much more efficient and comfortable. Moreover, it is now
free and available for everyone.

In 2050 vehicles for passenger and freight transport are not
motorized by conventional fuels, but by a mix of renewable
fuels for internal combustion engines, electricity and hydro-
gen fuel cells. They are now smaller, lighter and use energy
inputs much more efficiently than it was previously the case.
Especially in rural areas, where the availability of public trans-
portation is more limited, electric vehicles largely replace con-
ventionally fuelled cars.

In addition to clean technologies, efficiency improve-
ments through changes in logistic organisation have been
achieved. A large part of European’s international passen-
ger and freight transportation has been transferred to the
railway. For Europeans, taking the train has become the
fastest, most economical and comfortable option of travel-
ling long distances. Aviation transport is very expensive
and the demand for long-distance passenger and freight
transportation has decreased drastically. Leisure-time pref-
erences have also changed. People enjoy travelling slowly
and spending holidays in local destinations. Overseas trips
have become once-in-a-life-time experiences.

Pathways to a future mobility in Europe

The transformation of our current transport system and indi-
vidual mobility behaviour to achieve the vision can be
achieved only through a holistic perspective on mobility and
a combination of varying strategies. Ambitious reductions in
greenhouse gas emissions of the transport sector require both
new technologies and behavioural changes.

Motivated by consumers’ demand and supported through
public sustainability funding schemes, the automotive and
fuels industries continuously increase efforts in the develop-
ment of low-carbon vehicle and fuel technologies, including

greatly improved vehicular fuel efficiency and light-weighting
[31]. Investments in R&D to foster low- or zero-carbon tech-
nologies, designs and materials provide a driving force for
innovative developments [32]. Measures increase efficiency
of the internal combustion engine (ICE) and the diffusion of
vehicles powered by hydrogen [33], electricity stored in bat-
teries [34, 35], gaseous fuels such as liquefied natural gas
(LNG), and compressed natural gas (CNG) [36]. The expan-
sion of the corresponding charging infrastructure8 triggers a
rapid and comprehensive uptake of the new technologies. For
example, technologies such as photovoltaic can be used and
implemented by almost everyone in a very easy way. Thus, it
is feasible to provide a decentralised charging network quite
simply and quickly by involving regionally available social-
(citizens and business at site) and infrastructure (e.g., solar
networks of SMEs9). Thereby new local resource circles are
created, which will contribute to the resilience (e.g., energy
independence) and prosperity (e.g., more jobs due to energy-
cost savings) of the region.

Technological innovations and developments have
attracted considerable interest, but the sole application of such
measures could not achieve substantial reductions of emis-
sions by 2050 [37]. With regard to our vision (VisionSection,
above), what is evenmore important is an approach that brings
more than only technological improvement. Thus, the imple-
mentation of soft measures (e.g., information, dissemination,
awareness, test-tickets, guidance, mobility trainings on vari-
ous mobility modes or in using ICT-mobility services) for
low-carbon behavioural alternatives is an important mitigation
option for CO2 emissions arising from transport. Measures to
achieve reductions in overall travel demand (trips/frequency,
distance) combined with actions to lower car travel are also
required. Of particular importance in this regard are land-use
policies and general improvements of the physical infrastruc-
ture for environmentally friendly travel modes.

A transformation of individual mobility is achieved by im-
proving public transport and making it more accessible, com-
fortable, safer and more equitable. The key elements include
amended real time information and marketing, better passen-
ger infrastructure, improvements to vehicles and service qual-
ity, service frequency, integrated ticketing and no fares. Smart
intermodal transport infrastructure solutions link railways,
roads, biking lanes and walking ways and make an inter-
change between transport modes seamless and convenient
for users. Communication strategies that comprise easily com-
parable information regarding the costs and journey times of

8 Cf. http://www.teslamotors.com/supercharger and http://
www.presseportal.de/pm/82208/2552882/tesla-motors-
presents-supercharging-at-iaa-and-announces-plans-for-
european-network-expansion
9 Cf. http://www.gfb-greensolutions.at/projekte/gfb-netzwerk.
php
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different transport options, together with comparable informa-
tion for a car journey, further promote behavioural changes
towards widespread use of intermodal options [38].

To encourage more walking, people need to modify their
journey patterns and make shorter trips. This implies new
and demand-oriented land use policies and integrated spa-
tial planning regulations that ensure that facilities such as
shops, pubs, schools and banks are close to where people
live and are more accessible [39]. Investments in nice and
safe walking routes help to make short distance trips more
attractive for walking [40] but contribute also to the reduc-
tion of the influence of vested interests [41]. It is
recognised that only a strong emphasis on safer and appeal-
ing neighbourhoods and secure crossings along with wider,
better-maintained and cleaner pavements encourage walking
[42]. An increased cycling mode share is the result of an
increased willingness and demand of the citizens and of
governmental and local authority investment in physical
infrastructure, such as high quality network of cycle routes,
convenient and safe bicycle parking facilities and strong
public campaigns for cycling (including trainings, re-pair
and maintaining services) [43, 44]. Shared bike facilities
further trigger the use of cycling by more citizens [45].
Detailed Local Transport Plans encourage the development
of major cycling projects. Parking restrictions in inner cities
free up space for wider pavements bicycle lanes and
parking opportunit ies with offering self-service
implementations (e.g., air pump stations). The new system
is far more equitable, since it is cheaper than a car-based
system and facilitates social inclusion of previously
marginalised people (disabled, elderly, people without a
drivers licence, etc.). Consequently, the better the system
of provision (service and infrastructure), the more people
will increase their modal share for bicycles. Nevertheless,
the implementation of soft measures such as well-planned
information and awareness campaigns (e.g., explaining the
negative impacts of fossil-fuel based mobility on health,
environment and land-use) as well as marketing and pro-
motion of cycling (e.g., elucidating the multiplier benefits
like pro health and environment or the cost savings) is
essential in order to achieve a successful and long-lasting
shift towards cycling. In proceeding on this strategy, the
behavioural gap related to individual mobility is reduced.

The implementation of a compact housing structure and
holistic urban development strategies that favour a mixed-
use development [12, 46, 47] leads to higher walking and
cycling rates and a decrease in the aggregate travel demand
[48]. For education, commerce, health and public services,
new rules are established with regard to the location of new
premises, based on the concept of accessibility. Holistic urban
development strategies that take an integrated, participatory
governance approach and support the emergence of regional
clusters have driven the emergence of small-scale production

and settlement structures. Local shopping and entertainment
facilities as well as recreational and educational centres be-
comemore attractive. Moreover, regional cluster development
has supported the closing of economy, resources and con-
sumption circles.

All activities, including work become regionally
decentralised, but locally settled. The huge share of
work-related mobility and commuting is decreased by im-
plementation of sustainable work-travel- and mobility-
plans for companies, businesses and institutions. In addi-
tion, the expansion of teleworking [49] and the applica-
tion of new ICT are fostered through information for em-
ployers about multiple benefits of telework and how they
can enable it. Investment in new motorways and airport
infrastructures is strongly reduced. By contrast, due to an
investment-shift from road to railway infrastructure, Eu-
rope has managed to build up an expanded high-speed
railway system10 [8]. In addition, the application of more
efficient driving practices lowers energy and fuel con-
sumption [51] and is facilitated through eco-driving cam-
paigns, trainings, education and in-car devices.11 Similar-
ly, car sharing, renting and pooling reduce car mileage,
vehicle ownership and increase vehicle occupancy [30,
52]. Shared electric vehicle schemes are supported and
established across Europe. Governments create appropri-
ate regulatory frameworks and telecommunication infra-
structure to encourage upscaling of private car-sharing
initiatives [42].

Overall, there is an expansion of sustainable mobility
infrastructure and the upscaling of mobility-related social
innovations to address social exclusion [53]. Such strate-
gies are of particular interest in rural areas and low pop-
ulated regions, where public transport is less attractive.
Social innovations, such as door-to-door, demand-
responsive or micro transport schemes or home delivery
services combat social exclusion while at the same time
reducing the demand for travel by car.

Of course such a transformation will not happen with-
out any constraints (technical and structural) and resistance
(economic and societal). Coping with these challenges will
be dependent from well-designed multi-level governance.

Achieving the vision: main challenges

Moving from the mobility situation of today to a world of
sustainable mobility in 2050 faces a range of challenges. Five

10 http://www.livingrail.eu/rail-in-europe-2050/transport-
visions
11 E.g.http://www.fgm.at/index.php?ID1=2142&mid=&id=
2152&sprache1=en or http://www.eltis.org/index.php?id=
13&lang1=en&study_id=1631

Eur J Futures Res (2015) 3: 8 Page 5 of 11 8

http://www.livingrail.eu/rail-in-europe-2050/transport-visions
http://www.livingrail.eu/rail-in-europe-2050/transport-visions
http://www.fgm.at/index.php?ID1=2142&mid=&id=2152&sprache1=en
http://www.fgm.at/index.php?ID1=2142&mid=&id=2152&sprache1=en
http://www.eltis.org/index.php?id=13&lang1=en&study_id=1631
http://www.eltis.org/index.php?id=13&lang1=en&study_id=1631


central challenges are presented in this section, along with
potential solutions.

Overcoming the fears and uncertainties that change is
generating

Although an increasing share of people feel that their life-
styles do not make them happy and recognize inter alia
that overconsumption is contributing to extreme and risky
environmental degradation, they do not change their way
of living. This is referred to as cognitive dissonance or the
belief-behaviour gap [54]. One possible reason for this gap
is that the effect of changes of habits, social practices, and
consumption patterns on one’s well-being are uncertain
and this creates fear (e.g., feeling unsafe in public trans-
port or by using a bicycle) or is just uncomfortable. Thus,
to enable a transition, people should be supported to over-
come this fear by, for example, being able to experiment
with a new lifestyle (participating in car-sharing schemes,
using a system-wide annual ticket for public transportation,
tele-working for one or two days per week, etc.), or get-
ting to know role models that have made a shift to more
sustainable mobility and are positive about their experi-
ences. This can be supported by policies that contribute
to awareness raising, for example about the health benefits
of sustainable mobility and offering mobility trainings as
well as policies regarding the availability and price of
public transportation [55]. Furthermore, policies following
up on a fundamental and widespread paradigm change of
the understanding of mobility can lead to changing rules
and norms that allow using the streets to walk and play
instead of driving and can induce large shifts in individual
mobility behaviour [41].

Overcoming vested interests in the status quo

The transition might be blocked due to vested interests in
the status quo by people who have power in the current
system, in particular, business people, politicians or other
decision makers [41]. Especially in the case of mobility,
there are strong vested interests in the automobile and fossil
fuel industry [56]. Here, pressure from civil society might
lead to changed perceptions of those in power. Additional-
ly, new business-strategies (e.g., Bgreen economy^) and
perspectives (e.g., Bgreen services and solutions^) and the
recognition of niches (e.g., battery development, sharing
platforms or ICT services) or promising developments
(e.g., paradigms change of mobility and e-mobility powered
by renewable energy) contribute to overcoming the barriers.
This can be supported by new forms of direct democracy
and public participation that has decisive power, as well as
awareness-raising regarding the opportunities that sustain-
able mobility can provide [57].

Overcoming lock-ins related to infrastructure

Long investment cycles in infrastructures (e.g., road and
rail construction) can hinder radical and rapid change. One
strategy to cope with lock-ins related to a transition to
sustainable mobility is to develop a long-term policy vi-
sion at the EU-level.12 Policy instruments that can contrib-
ute to reducing lock-in also include provision of financial
support and (green) public procurement [58]. It is not easy
to break a lock-in, because the coalitions that benefit from
it are likely to resist any change [59]. Thus the develop-
ment of simultaneously flexible and robust policy-mix
packages is essential in order to deal with negative (rejec-
tion or environmental harm) and positive (commitment)
lock-in effects [60]. Moreover, the historically nexus of
social and technical connection of automobiles to everyday
lives has created a lock-in situation of an Bautomobility
culture^ synonymously seen as a symbol of ‘good life’
and Bfreedom^ of citizens (‘citizenship of mobility’) [61].

Empowering eco-innovation and the development
of eco-innovative goods and services

Supporting companies to overcome internal barriers to eco-
innovation (in particular by providing eco-innovation finan-
cial support, promoting skills, and raising awareness) will
enable business to grasp – more quickly – the business
opportunities of the transition to sustainable mobility. Sup-
port for building up car-sharing schemes as a reliable ser-
vice for sustainable mobility would accelerate the transi-
tion, as would support for other mobility-related services.
In addition, low-carbon vehicles and regional-resource-
circles of mobility measures (e.g., a decentralised network
of photovoltaic charger for e-mobility means) can be main-
tained or upscaled. Similarly, the development of eco-
innovations can be triggered by collaborations of business,
research institutes and waste and disposal agencies [32].

Bringing actors together to create the kind of systemic
change needed

Given that society is usually heterogenic it has to be taken into
consideration that there will always be someone who is disap-
pointed about any measure implemented. Thus, it is important
that bottom-up movements and top-down processes are
interlinked, so that new institutions, production and life modes
can be co-created by different actors. Currently, the mobility
sector is characterized by a complex multi-level governance
system with unclear and ineffective distribution of responsi-
bilities (see Governance and key policies Section). Linking

12 http://ec.europa.eu/transport/themes/sustainable/index_en.
htm
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the various levels requires the creation of facilitated arenas
characterised by openness, appreciation and trust, where ac-
tors canmeet and openly discuss their ideas, solutions and also
concerns. For instance, changes and mobility-related mea-
sures could be decided on the basis of democratic votes or
participatory processes with citizens. Additionally, the provi-
sion of objective and well-elaborated information gathered
from various points of view is necessary in order to cover as
many attitudes and perspectives as possible.

In addition to the policies that are directed at particular
sectors, there are a number of key policies that are aimed at
resource use in general and thus affect multiple sectors. Based
on an intensive literature review and stakeholder consultations
within the POLFREE project, the following list of key policies
and policy actions have been identified:

Governance and key policies

How can the shift to sustainable mobility be achieved? This
section aims at translating the above vision and pathway into
governance mechanisms and concrete policies for the trans-
formation. Apart from being strongly influenced by industry
and business lobbies [62], various location-specific and soci-
etal issues challenge the governance of a sustainable mobility
system: Different structures of mobility provision and of for-
mal governance frameworks across countries and regions of-
ten lead to a lack of clarity about the responsibilities between
different levels of governance (spatial), and end in a rather
weak commitment of different mobility strategies to carbon
emission reduction.

In order to cope with this profusion of different actors
Marsden and Rye (2010) suggest to draw upon a multi-
level governance approach to address the current devolu-
tion of authority away from formal organizations to infor-
mal organizations [63]. Such a governance approach needs
to be able to follow up on sustainable mobility practices
already performed by a Critical Mass [50] as well as to
scale up various developments evolved from niches and
grassroots movements [64, 65].

Well-designed policies are seen as key to smoothing the
transition [66]. In particular at the beginning, supportive gov-
ernment policies and a mix of measures to promote sustain-
able ways of transportation and mobility behaviour are essen-
tial for the scope and success of such a transformation. In
particular, a participatory approach to governance can contrib-
ute to a broad dialogue on possible trade-offs and the reduc-
tion of possible negative effects of policies. The implementa-
tion of policies to stimulate people to use alternative modes of
transport include Bpush measures^ that aim at making driving
a car less attractive and Bpull measures^ that aim at offering
alternative mobility options. BPull measures^ include mea-
sures to internalise external costs of car travel, (e.g.,

congestion charges or higher taxes for unsustainable modes
of travel). In addition, limiting parking places and expanding
pedestrian zones support the reduction of car use.^Push
measures^ include campaigns and initiatives that support cy-
cling, walking and using public transportation and invest-
ments in well-developed bicycle lanes, safe and well-
designed footpaths. Additionally, the implementation of af-
fordable or even free public transport schemes in cities has
proved effective in reducing car use and air pollution [67,
68].13

A mix of these policy approaches can be applied by
different measures and can address diverse individuals
and various mobility issues in a comprehensive way.
For instance a reduce of work-related mobility can be
stimulated through Borganisational^ interventions provid-
ing incentives for private companies trigger the develop-
ment of corporate mobility plans: the implementation of
sustainable urban mobility plans (SUMPs), employee
mobility plans (EMPs) and workplace travel plans
(WTPs),14 public institutions15 and educational institu-
tions (e.g., kindergartens, schools and universities)16 or
workplace parking levies offer an alternative to a free
parking space at work. More active promotion of the
(mobility-) benefits of teleworking to employers and
their staff or more flexible working hours may also con-
stitute efficient means in reducing emissions associated
with work-related mobility. Emissions could also be re-
duced by the provision of mobility trainings17 for sus-
tainable modes of travel from kindergarten upwards to
retired citizens, including also trainings for people with
reduced mobility.

Many policy measures have been identified which would
support achievement of the ambitious vision described. Based
on an analysis of existing and proposed policies, the following
key policies have been identified:

& Remove all environmentally harmful subsidies and reduce
taxes for community/shared-ownership vehicles as well as
for all businesses and companies that implement

13 Cf. http://www.zukunft-mobilitaet.net/8923/analyse/
kostenloser-oepnv-tallinn-hasselt-templin-luebben/
14 As for example the workplace travel plan of British Sky
Broadcasting: http://www.eltis.org/index.php?id=13&study_
id=2747
15 As for example the mobility management concept of
Heathrow Airport: http://www.eltis.org/index.php?id=
13&study_id=2821
16 As for example: http://www.eltis.org/index.php?id=
13&study_id=3536
17 As for example: http://www.fgm.at/index.php?ID1=
2142&mid=&id=2152&sprache1=en or http://www.eltis.org/
index.php?id=13&lang1=en&study_id=1631
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employeemobility plans and/or sustainable business fleets
based on hybrid, plug-in and e-mobility vehicles.

& Strengthen the requirements onGreen Public Procurement
(GPP) for all products with significant environmental im-
pacts including means of tranportation.

& Reduce investment in new motorways and airport infra-
structures, and increase the improvement of a high-speed
train network for passengers and freight transport.

& Implement a Participatory Spatial Planning Directive to
promote sustainability and well-being, giving more space
to pedestrians, bicycles and public transport and shared
public space.

& Introduce eco-design product standards for a circular econ-
omy and increasing efficiency of renewable electricity pro-
duction and distribution (renewable charging stations)

& Investment in coordinated Research, Development and
Innovation (RDI) for material, water and energy efficien-
cy, waste prevention, sustainable mobility, urban plan-
ning, resource-light construction and low-carbon
technology.

& Implement awareness campaigns and educational reforms
and trainings (including mobility trainings) across the EU
to integrate sustainable development.

& Support green niche markets, strengthen the feedback
from consumers to producers and support systemic inno-
vations in mobility measures

& Introduce improved monitoring methods, tools and ICTs
that allow matching of mobility supply and demand and
planning of multi-modal travel.

& Establish a free available and convenient intermodal pub-
lic transport system as well as low to zero-energy and
material-efficient transportation modes.

& Subsidise measures to increase cycling and walking infra-
structure and the use of cargo-bikes (and e-bikes) for
inner-city suppliers and delivery services

The implementation of such policies contributing to the im-
provement and quality of public transport (e.g., network, infra-
structure and vehicles), sustainable mobility infrastructure (e.g.,
more and safer bicycle lanes and pavements) and options offered
(e.g., attractive and affordable car/bike sharing/pooling
schemes) can lead to substantial decreases in GHG emissions.
Such a governmental strategy might result in additional positive
spill-over effects, as for example: an increase in sustainable
modes and simultaneously a decrease of car use; enabling cost
savings and stimulating physical exercise and a healthier society
or obtaining economic benefits18 for communities by an in-
crease in home-office-practices and reduced road maintenance.

In general, maintaining a strong focus on raising awareness
about sustainable development, mobility product-service sys-
tems, resource use and more sustainable behaviours is of im-
portant relevance. In combination with participatory ap-
proaches this strategy can lead to capacity building, knowl-
edge exchange networks, information campaigns.

Discussion & research needs

The vision of a future transport for Europe anticipates a societal
transformation towards a sustainable mobility characterised by
a combination of changes of perspectives, values and prefer-
ences as well as sharing as new practice of use and multi-level
governance. The mobility concept described tries to bridge the
gap between eco-innovation and shared sustainable mobility.
While the development of low emissions vehicles (low-energy
and material-efficient) requires investment in R&D and infra-
structure deployment (e.g., charging stations), the establish-
ment of sharing and pooling schemes available across Europe
is dependent on changes of behaviour.

Building a low carbon mobility system that provides a high
quality of life will depend critically on conscious efforts and
policies to enable behavioural changes. In this regard the de-
velopment of benchmarking indicators based on present real-
life examples instead of those achieved under laboratory con-
ditions are of particular relevance [26]. Hence, harmonised
labelling on the resource consumption of products or the sus-
tainability of mobility vehicles which are more reliable will
provide more transparent to all citizens.

In general research is needed to make concepts and ele-
ments of the vision meaningful and feasible for different level
of application. Research can deliver insights about the multi-
plier and broader effects of sustainable modes of travel and the
real improvements of transport related-technological innova-
tions through the development of new and longer-term analy-
sis. Taking the contribution by the use of sustainable modes
travel to the reduction of transport-emission and individual
(and indirectly collective) health into consideration would en-
able stronger economic arguments for changes of mobility.

In particular research is needed on the role of citizens and
how to overcome the belief-behaviour gap or lock-in settings
and on new ways of public and stakeholder participation ap-
proaches to find out what individuals really need to dare to try
new lifestyles. Similarly, research can contribute to ap-
proaches on upscaling successful initiatives and measures of
sustainable mobility. If properly enforced and supported by an
appropriate policy-mix to ensure fair market conditions, the
transformation of mobility can be a powerful in addressing
environmental issues in alignment with other objectives (rais-
ing health and air quality). For instance funding of combina-
tions of sustainable developments or Bsustainable synergies^
could enable and stimulate circulated economies at a small-

18 As for example, the University of Tilburg has calculated an
annually saving of 50 million Euro in the case of the Nether-
lands: http://www.eltis.org/index.php?ID1=5&id=8&home=
1&news_id=3270
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scale: Local SMEs will get support and subsidies for installing
photovoltaic when they will allow free and public electric
charging of e-mobility vehicles on site. So it is possible to
establish a bottom-up free and renewable charging network
in rural areas, which supports local business and in a second
step make e-mobility as an alternative already in its current
state feasible. Similarly, synergies between photovoltaic
powered and the generation of bio/organic-gas for charging
vehicles or urban energy generation through micro sewage or
drain hydro power plants for e-mobility means represent
promising resource-circles.

BOverall, staying within the safe operating space requires
new forms of adaptive governance and a systems perspective
that recognizes the dynamic links between the social, ecolog-
ical and economic system and between the different levels of
our society (macro, meso, micro)^ [49:10]. The vision provid-
ed in this article is a starting point to highlight the changes and
developments, but also the benefits and windows of opportu-
nities that might occur by enabling future mobility for Europe
within the safe operating space [5, 6]. The POLFREE project
will continue to work with this vision using a modelling ex-
ercise to test the feasibility of different possible pathways with
results available in 2015.
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