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Abstract The world of transportation is changing. Due to

increasing mobility demand, challenges like financing, deal-

ing with emissions and volatile oil prices are accentuated.

Decision-makers in the areas of policy and planning have to

address these challenges and have try to develop a transpor-

tation system capable of meeting the future needs of society

and the economy. Thus there is a need for conceptions of the

future system as guidelines for decisions. Besides developing

newmobility solutions, adapting to a changed world of energy

dependencies and addressing social developments will be the

main tasks for decision-makers. This paper shows the results

of future-oriented research based on the qualitative analysis of

megatrends, which were used to describe the main trends

setting the direction for future development in transportation

and their likely effects. Based on the question of whether there

is a transformation - a process of actively supporting change in

the transportation system according to trends and changes in

frame conditions - going on, analysis of current policies

provide a different conclusion. The change in transportation

appears as a process of substitution within the boundaries of

the fossil-fueled world rather than as transformation in the

sense of a fundamental change. Finding alternative develop-

ment paths would require a perception of transformation as a

process of actively shaping and redirecting the system by

anticipating and addressing future challenges. Starting points

and impulses in this context are rare and to be found in

strategies of China, in other parts of Asia and in Europe. The

approach of using recent, established and prospective, uncer-

tain megatrends with their potential impact as a basis to

provide a future perspective on change processes turned out

to be an appropriate way to identify starting points for further

research, which should integrate quantitative analysis. Fur-

thermore, additional future- oriented research on megatrends

would be needed to accommodate the complexity of the

systemic perspective.
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Over the last few decades, mobility and transportation have

had to face a process of change which is still continuing.

Demand for mobility, volume of traffic and, along with this,

the need for transportation infrastructure are further increas-

ing, while a rising and highly volatile oil price is challenging

the economy and society. At the same time, decision-makers

in policy and planning have to deal with a financial crisis,

resulting in a lack of money for the maintenance and expan-

sion of transportation infrastructure, and they have to address

climate change by reducing CO2 emissions and energy con-

sumption. As t

he situation is expected to deteriorate, leading to a fundamen-

tal change, a transformation of the transportation system is

expected to occur, which at the same time should affect our

understanding of mobility.

As with every change, decision-makers in transportation,

spatial and economic planning and policy need to react to the

change process. The transportation system has to be adapted

and designed according to the new situation. ‘Transformation’

in this context is used as a term describing not only a change

process driven by different socio-economic and political

drivers, but a process in which decision-makers are aware of

an ongoing change and can thus shape the process actively

according to the goals they have set.
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As the direction and results of the change process are not

clear, decision-makers have to deal with uncertainty, which is

mainly due to the complexity of the system. Both demand and

supply are driven by high-impact trends which influence each

other and thus lead to an unclear situation. To decide and act

successfully in this complex environment, decision-makers

need to gain a deeper understanding of the development and

a clearer picture of the future – and to reduce uncertainty.

Knowledge about the future, as a basis for decision-mak-

ing, is lacking. Even though uncertainty is unavoidable, de-

fining the field of uncertainty can help to deal with challenges

and risks, and even to identify opportunities. To shed light on

the field of uncertainty provides insights on where to focus

attention, decisions and actions to shape the future develop-

ment of transportation and mobility.

A systematic analysis of relevant drivers, trends and their

recent and future impacts of the change process help not only

to provide a basis for decisions, but also to create future

scenarios. To do this, knowledge about recent trends affecting

transportation with their likely outcomes and their interdepen-

dencies is needed. The paper suggests a qualitative approach

to systematically analyzing trends relevant for the future by

using the concept of megatrends, as fundamental, long lasting,

global or international transformation processes with a cer-

tain direction, including the economic and the socio-cultural

dimension and affecting multiple aspects of life [5]. The work,

based on the outcomes of the EU-funded project OPTIMISM,

combines two steps:

1. Megatrends were used to describe possible future out-

comes of ongoing developments along with their conse-

quences and to try to characterize the process of change.

To distinguish their relevance and impacts they have been

classified according to their character of established or

more uncertain trends.

2. Based on the assumption that megatrends can be used to

create a decision basis to shape/lead the transformation

process actively, they were used to identify signs of prom-

ising evolution and starting points for action.

In the early 1980s, John Naisbitt created the term

“megatrends” to describe several transformations taking place

in the USA and worldwide [34], including the decreasing

influence of industry and increasing influence of information

on societies, the role of the globalized economy, the transition

from centralized to decentralized governments as well as from

representative to participative democracy [28]. From then on,

megatrends have been mapped in very different research

areas, including transportation. One of the first publications

introducing the concept of megatrends in transportation

research appeared in 1984 with an analysis of likely changes

in public transportation in terms of ownership, operation

and competition. Megatrends not only envisage future

developments in a certain sector, they also demonstrate the

constant transformation of our current society and the interre-

lationship between the different global transformation pro-

cesses. Indeed, the European Environment Agency stated that

megatrends, many of them out of European control, are highly

interdependent and “have significant consequences and po-

tential risks for the resilience and sustainable development of

Europe’s economy and society”.

Transportation is embedded in this changing world. There-

fore, it is affected by several factors such as economic trends

(e.g. globalization, economic growth, limited financial re-

sources), technological trends (e.g. IT and ICT), demographic

trends (e.g. aging, decrease in household size, immigration)

and social trends (lifestyle changes, environmental concerns,

security concerns, social exclusion) [2]. An international sur-

vey focusing on decision-makers revealed that “support of

behavioural change policies depends on the type and level of

governance of the region, on its technological focus and on

cultural and historical factors” [9]. The analysis of transporta-

tion megatrends also faces some challenges deriving from the

uncertainty of future research. The European Environment

Agency stated that a better understanding of the linkages

between ongoing megatrends is needed and a study noted,

after constructing a quantitative model of freight transport for

2050 in Europe, that “further research is recommended to

screen preferable technological roadmaps from the broad

range of available futures” [23].

Megatrends can be classified by their duration and conti-

nuity into the two groups:

1. Recent, established and stable trends: their evidence is

based on long-term empirical observations and data de-

scribing ongoing developments, which provide insights

for the likely development and outcome in the future.

Recent trends allow us to understand developments we

have had to deal with recently and to estimate their

outcomes, as some of their consequences can already be

observed today.

2. Trends with a prospective, uncertain character: they have

a shorter history and are more uncertain as they might

disappear without becoming established. They can be

used to identify qualitative change, thus providing a more

prospective view. This prospective character allows us to

define and to analyze the field of uncertainty by identify-

ing the main processes and their impact. The future impact

can be estimated based on this, supported by expert sur-

veys and interviews.

The paper builds on this, aiming to show how a basis for

decisions could be created by using the concept of megatrends

and describing the field of uncertainty based on prospective

trends. Based on research done in the EU-FP7 funded project

OPTIMISM, I) the main recent megatrends, as drivers of
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transformation in transportation, will be described, II) the field

of uncertainty will be described based on prospective trends

relevant in this field and III) potential risks, challenges and

opportunities to be considered in decision-making will be

identified.

Recent megatrends shaping the future transportation

system

Megatrends describe fundamental, long-lasting processes

which affect economy and society in multiple ways and thus

also have an impact on supply and demand of mobility and

transportation. Analyzing megatrends and their impact pro-

vides insights into the nature of the transformation process and

related challenges. In the OPTIMISM project a literature

review combined with knowledge provided by experts have

identified megatrends as key factors affecting the transforma-

tion process of the transportation system. As the idea was to

identify Megatrends considered as such by the economy and

society rather than by academia, the list does not reflect

academic discussion on megatrends and could be further

extended. Most of the megatrends are interlinked and some

of them include changes inside the transportation system

which affect other parts of the system. Ongoing developments

with a historical background of some decades and which can

be supported by data, e.g. the increase in global population,

rising share of Asian GDP or share of urban population, have

been considered recent megatrends. Seven established trends

have been distinguished in this category:

1. Globalization 2.0 describes a qualitative change in global

economic growth, which will remain high in the coming

decades with emerging economies experiencing higher

rates [8]. The economic boom in BRIC (=Brazil, Russia,

India, China) countries is leading to a global shift of

economic and political power, prosperity and economic

specialization and a “multi-polarization” of the world with

international regulation gaps, e.g. concerning the internet.

The worldwide redistribution of income affects demand

for mobility services, vehicle purchases as well as the

development of transportation technologies which will

have to address needs from different cultural backgrounds

as compared to the last few decades.

2. World population growth will continue and increase de-

mand for goods, natural resources and energy. Together

with a redistribution of prosperity, consumption in the

emerging economies is rising, while in Europe, popula-

tion is expected to decrease [8]. Rising prices, growing

exploitation of natural resources as well as growing inter-

national trading and transportation are the consequences.

The decrease in population in some European regions

may lead to inefficient transport infrastructure, while ur-

banized areas have to tackle increasing traffic volumes.

3. Urbanization, the shift of population and economy to

large cities, is strongest in emerging markets; even in

Europe urbanization is expected to continue, although at

a slower rate [8]. The concentration of people and labor

markets in centers allows an increasing efficiency of

transportation. Problems arise from the concentration of

transportation during traffic peaks. The trends of central-

ization and the movement away from peripheries are

leading to contradictory situations where the profitability,

infrastructure and operations of transportation need to

fulfill conflicting requirements. Enabling equality of ac-

cessibility and achieving true cost in transportation at the

same time is one of the main challenges for the future.

4. Increase in inter-/intranational social disparities has tak-

en place together with increasing wealth and income

levels, intensifying prosperity gaps in the past few de-

cades, especially in the emerging economies [26]. Pros-

perity gaps are accompanied by other social disparities

such as access to employment markets, housing, educa-

tion and health care – also in industrialized countries.

Disparities in transportation are reflected in different or

exclusive accessibility, depending on the pricing for mo-

bility services, whichmay occur as side effects of political

measures aiming to reduce traffic, emissions and the

burden of public funding.

5. Demographic and social change in Europe will be

reflected in the increasing share of the population over

65 expected in future, especially in the European Union

[23], but also in the USA and Asia. Demographic aging

will have a significant impact on mobility needs and

services. As seniors nowadays, compared with previous

generations, are healthier, wealthier and have a more

active lifestyle, they travel more. Social changes such as

decreasing household sizes influence the demand for

housing, leading to new settlement structures and shifts

in traffic. Changing lifestyles with more use of ICT and

social media lead to behavioral changes and different

mobility patterns and may also reduce physical mobility

in general.

6. The upcoming knowledge society and economy is

related to the structural change in the European econ-

omy from production to services and the shift within

industries. The remaining branches of the production

sector are oriented towards research and development

and high-quality products based on a high level of

education and know-how. Knowledge acquisition and

innovation may lead to the development of green

transportation technologies, multi-modal supporting

ICT solutions and new mobility concepts. On the

demand side, this could be accompanied by increased

use of alternative transportation services like car-
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sharing, E-mobility or social-media-based and self-

organized mobility.

7. Climate change, environmental pollution and environ-

mental ethics have an impact as a global pressure issue

that poses significant negative externalities on society.

The costs of climate change through damage and neces-

sary adaptation measures require new policies and deci-

sions to meet the challenges and cover the costs.

Environment-related political measures, such as taxes

and regulations tackling emissions, are pushing technical

development. When it comes to individuals, awareness of

environmental issues is increasing [see 32]. If the econo-

my reacts to this trend by creating corresponding products

and services, behavioral change towards sustainable mo-

bility and transportation could be achieved.

The megatrends described above have and will have an

impact on transportation, not only affecting the system itself

but also having severe consequences for policy and planning.

The regional shift of demand and economic power as de-

scribed in Globalization 2.0 is likely to cause a cultural shift

of development and innovation in transportation, as solutions,

technologies and infrastructure will be designed according to

the needs of markets such as China, India and emerging

countries. World population growth has already had effects,

increasing pressure on resources in general, especially energy,

and their price levels. This will lead to an intensified search

for, and innovations in, substitutes. Increasing urbanization

has already led to capacity overload in urban transportation

systems. This will further increase and exacerbate the costs for

infrastructure development and maintenance as well as the

need to ensure safety, security and resilience in mass transpor-

tation.Disparities are not only reflected in the un/affordability

of mobility for certain population groups, but also in the

different accessibility and quality of transportation for urban

and rural areas. Planning, infrastructure investment as well as

the development of technology and mobility concepts focuses

on cities. Rural areas are being left behind and becomingmore

and more peripheral. Demographic change is leading to

seniorization, especially in Europe, the USA and China,

which is increasing the mobility demand of a population

group which not only has a more active lifestyle compared

to previous generations, but is also, to a certain extent, phys-

ically limited. The ongoing development towards the knowl-

edge society is reflected in implementation of ICT in transpor-

tation for information, route planning and ticketing which will

further develop in the future, providing multimodal mobility.

This enables individualized mobility based on public trans-

portation and, on the other hand, creates a “knowledge &

information pressure” on users: a need to cope with new

technologies, education and information seeking. Climate

change will force the need to adapt the transportation system

to changing weather conditions, supporting resilience as well

as fighting the drivers, such as use of fossil energy and CO2

emissions. Innovation might be pushed, while increasing po-

litical and economic conflicts about responsibilities might also

arise (Fig. 1).

Prospective megatrends defining the field of uncertainty

As recent megatrends provide some data-based evidence for

future development, they allow for the creation of a vision of a

likely future or, at least, likely future developments. Uncer-

tainty exists due to the unknown dynamics of these

megatrends, the unknown results of their interdependencies

and less certain trends influencing the transformation process.

Prospective, less established megatrends which have become

apparent in recent years and are likely to have a future impact

can be used to define the field of uncertainty – which means

providing knowledge about relevant trends which should be

taken into account when tackling future challenges, e.g. in

political or planning decision-making. Prospective trends rel-

evant for mobility and transportation have been identified: 1)

shortage of energy resources, 2) technology change, and 3)

crisis of mobility and (European) policy reaction.

Shortage of energy resources

The transportation sector is a major energy consumer, heavily

dependent on fossil fuels and their price development. Scar-

city of energy would not only affect transportation significant-

ly; the role of transportation in energy consumption makes the

sector one of the main starting points for changes when it

comes to a transformation of the energy system and source. In

2010, more than 25 % worldwide and more than 30 % of the

final energy consumption in the EU was attributed to the

transportation sector. In EU-28, the share of energy consump-

tion in transportation has increased in the past 20 years. Road

transportation consumes more than 80 % of the energy in the

transportation sector in the European Union and in the U.S.

[15, 6]. Due to the dynamic of demand for, and uncertainty of,

fossil energy reservoirs, peak oil and the potential of substi-

tutes like gas hydrate, scarcity remains a prospective trend.

Although scarcity might not be reached in absolute terms in

the near future, increasing prices create a relative scarcity in

the sense of affordability. With rising energy demand, a steady

growth in energy prices has been observed since the beginning

of this millennium, with a peak in 2008, as reflected in the

OECD statistics. In 2011, the end-use price for energy again

rose to the peak level of 2008 [30]. Energy prices are espe-

cially difficult to handle due to their volatile character, which

has also increased in the last few decades (Fig. 2).

Increasing demand for and use of energy related to eco-

nomic and population growth have increased the exploitation

of oil beyond the easily accessible reserves. This development
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is expected to continue, leading to complex, costly extraction

and scarcity of resources [33]. The global energy consumption

almost doubled from 4674 Mtoe (Million Tonnes of Oil

Equivalent) in 1971 to 8918 Mtoe in 2011. While the total

consumption increased, a shift between energy sources ap-

peared. The share of oil as energy source decreased to 48 %,

whereas natural gas made up 20 % and electricity 22 % of the

total global energy consumption in 2011 [19]. China, India

and Russia have significant shares of the overall crude petro-

leum consumption, but are not yet competing with the U.S.

when it comes to total oil consumption. In addition, demand is

shifting regionally. China, India and Brazil are leaders in terms

of growing global oil consumption, while the crude oil con-

sumption in emerging countries like Singapore, Vietnam and

Saudi Arabia has also increased drastically [3]. Around one

third of the oil consumption worldwide is in countries which

have at least doubled their total since 1990. Countries which

have increased their consumption by more than 30 % in the

last 20 years, which is the world average, are responsible for

half of the world’s oil demand. In other words, 30–50 % of

today’s oil consumption occurs in countries in Asia, Arabia

and South America, which have increased their need for oil in

the past 20 years considerably. This development is likely to

continue at least for the next decades (Fig. 3).

Fig. 1 Megatrends
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The consumption of natural gas is following a similar path

to that of oil. It has had the fastest, steadily growing trend in

China in the last few years and is expected to further increase,

whereas the trend in other emerging markets has varied from

year to year. Globally, the consumption has remained almost

stable since 2007 due to the financial crisis. The U.S. con-

sumes by far the largest amount of natural gas in absolute

numbers, with a slightly stagnating or even decreasing trend

of consumption for the last few years. Among emerging

markets, Russia, China and Saudi Arabia have the highest

consumption of natural gas [3].

When it comes to prognosis, differences in forecast studies

reflect the uncertainty about the scarcity of energy. A study by

the European Parliament’s Committee on Industry, Research

and Energy (ITRE) predicts peak oil, the maximum level of

extraction and the moment when approximately half of the

total oil reserves are used, to be reached between 2006 and

2026 [21]. The International Energy Agency predicted peak

oil to have been in the year 2000, but at the same time

presented varying, long-term prognoses for oil fields to be

developed and discovered in the future. According to some of

the prognoses, oil reserves would not start declining before

2030 [20]. Another forecast for fossil fuel reserves based on

historical data and versatile scenarios estimated the peak for

oil extraction to be in the year 2015, the time horizon for

maximum extraction of natural gas in 2035 and for coal in

2052 [24].

Besides the question of if and when physical or relative

scarcity of energy will occur, policy-makers have already

started to address the issue in their agenda. As the economy

and society – especially the field of transportation and mobil-

ity – are heavily dependent on energy availability, national

policies reflect the situation in the different strategies they

adopt to cope with the problem, with the aim of becoming

more energy autarkic. Depending on available resources, sit-

uation and strategies differ on a national basis. While China is

investing abroad, e.g. in Africa, in order to extract raw mate-

rials and other resources, the United States increasingly relies

on the resources in its own country. Driven by a combination

of advances in drilling and new technologies, the USA is

aiming to become completely self-sufficient in the energy

market. In the European Union, versatile political ideas and

approaches of the individual member states as well as existing

bilateral agreements with suppliers of raw materials (e.g.

German-Russian gas pipeline agreement, LNG contracts be-

tween Spain/France and Algeria) lead to different strategies,

which have to be considered when harmonizing the EU’s

energy policy.

Increasing demand and prices for natural energy re-

sources are inevitable following a historical path of

economic-growth-related consumption. Uncertainty comes

from volatility related to disruptive events such as political

conflicts or economic crises – as well as due to the uncer-

tainty of accessible deposits and substitutes for fossil ener-

gy. The nature and direction of change towards the use of

fossil energy alternatives remain as unclear as the speed of

adaptation of the transportation system with its infrastruc-

ture, vehicles and other components.

Technology change

Historically, technology has been seen as both, a driver of

change, e.g. in technological utopias, and a solution to

recent or future problems. Although the discussion remains
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inconclusive, it is beyond doubt that technological devel-

opment is crucial for change or transformation. The auto-

mobile, personal computer or ICT are prominent examples

of technologies not only changing lifestyle, but society

and economy in terms of structure, organization and pro-

cesses. The impact of key technologies is difficult to

predict. Thus, technological change is characterized as a

prospective megatrend due to the unpredictable impacts on

transportation and mobility. Fields of technology which are

changing most dynamically and are expected to continue

to do so in the future will particularly affect the transfor-

mation of transportation.

Technology leaps are expected especially in nano-

technology, biotechnology and information and commu-

nication technology – also affecting transportation and

mobility. Unlike technical developments, this might lead

to a paradigm shift, as nanotechnology provides oppor-

tunities in the fields of medicine, electrical engineering

and material technology. The comprehensive nature of

this technical shift makes it difficult to predict its im-

pacts. Technological progress in specific fields has im-

pacts outside their boundaries and can create synergies

[27]. Light materials, new battery technology or ICT

solutions for intelligent transportation organization could

support energy-efficient mobility solutions. Through the-

se synergies, new approaches and ways of thinking are

created. The consequences are and will be revolutionary

and can be compared with industrialization or digitiza-

tion. Behavior has already gone through a fundamental

change due to the internet, smartphones and social me-

dia services. The ongoing digitization of everyday life,

ambient intelligence, affects the economy and society by

changing working environments, living habits and con-

sumer behavior. The implementation and use of new

technologies could lead to a paradigm shift which en-

ables new ways of life, working methods and the orga-

nization of mobility.

In transportation, innovation is expected to change vehicle,

material and engine technologies as well as infrastructure

technologies. To identify the main fields of change and to

characterize the change, technologies which might achieve a

breakthrough have to be identified and analyzed in terms of

their impact on the transportation system and their potential to

shape the transformation process. Thus, based on literature,

research technologies related to transportation have been cat-

egorized and fields for future innovation have been identified

[16] (Fig. 4).

Based on these, European transportation experts from re-

search, industry, policy and planning have been asked to esti-

mate the influence by 2050 of identified selected technologies

in vehicles (autonomous vehicles, high speed trains, com-

pressed air cars), engines (electric, efficient fossil, fuel cell,

hybrid), material and infrastructure technologies (vehicle-to-

vehicle/infrastructure communication, intelligent roads, traffic

control systems). Besides this, the experts were asked an

open question about additional technologies of importance

for the future. The respondents identified autonomous vehi-

cles despite the fact that only prototypes exist so far. Driver

assistance systems based on similar sensors and applications

to those of autonomous vehicles are already available and

might support the marketability of autonomous driving.

Besides this, high speed trains, as vehicle technologies with

the strongest influence by 2050, were mentioned; their

potential can be explained as they provide alternatives to

flying and allow travel times in train transportation to be

shortened [16] (Fig. 5).

Electric, hybrid and fuel cell engines were acknowl-

edged as essential engine technologies with major impor-

tance for future transportation by more than half of the

experts. When it comes to electric vehicles, the range of

the batteries is expected to extend considerably and the

costs are expected to decrease due to established technol-

ogies. Hybrid vehicles are already established and combine

the practical, positive sides of conventional and electric

vehicles, leading to reduced fuel consumption and lower

direct emissions due to electricity use. More generally, fuel

efficiency was regarded as an aspect with a positive influence

on future vehicles [16].

Lightweight construction was identified as the most rele-

vant material technology for both public and private transpor-

tation modes. Innovative materials can reduce a vehicle’s

weight and further contribute to lower energy use and, through

that, to lower emissions. Vehicle-to-vehicle and vehicle-to-

infrastructure communication as well as intelligent roads and

traffic control systems were seen as ICT and infrastructure

solutions with a substantial impact in the future [16]. The use

of ICT and smart transportation systems were identified in

the survey as solutions with a great influence on future

transportation in terms of their potential to optimize, con-

trol and improve the transportation systems and lead to

convenient, multimodal, more efficient and safer transpor-

tation services.

As additional and innovative technologies with a long-term

effect on the transportation sector, more futuristic, emerging

solutions were identified. For example, road-to-vehicle energy

harvesting, bio mimicry as an imitation of natural phenomena

to solve complex problems through technology, open rotor

engines and robotic cars were mentioned as potential future

technologies.

In summary, experts see high market potential for technol-

ogies leading to higher “autonomy” of the vehicle – which

suggests a kind of hyper-individualization of transport on the

individual level. In fact, autonomous driving relies on ad-

vanced driving control systems to ensure safety and security.

Experts also focus on the transition to a flexible IT-based

system as well as on increasing material and resource
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efficiency in transportation; this includes more efficient en-

gine technologies and substitutes which might attract more

people to individual transportation. As a consequence of these

perspectives, the system would gain complexity and involve

more individual users, increasing the need for communication,

technologies and resources in the end.

Fig. 4 Technology fields related to public and private transportation
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Crisis of mobility and policy reaction in Europe, the US

and China

The world is shaped by a growing global economy and rapid

spatial developments, leading to increasing demand for mo-

bility and logistics as described earlier.

Urban density and spatial organization are crucial elements

influencing energy consumption, especially in transportation

and building systems. With increasing wealth, households

choose larger living spaces, leading to urban sprawl, sub-

and peri-urbanization. These structures, and thus the backbone

of our society and economy, rely on an extensive transporta-

tion infrastructure which has developed over many decades.

Due to this and to avoid sunk costs of previous investments in

this infrastructure, there is a strong motivation to continue the

current system rather than to redesign and redirect develop-

ment. A challenge related to this is that since a significant

amount of time and money is needed to maintain the

overloaded infrastructure and to design a new one, only lim-

ited human and financial resources remain for planning and

developing alternative mobility systems [37]. A decision for

one strategy, an investment in certain infrastructure, is, at the

same time, a decision against alternatives. Thus, dealing with

the crisis and adapting successfully to transformation is a matter

of strategy, priorities and decision-making – aiming to allocate

resources appropriately to solve problems in the long term.

Continuing along the previous path, costs for infrastructure

are expected to further increase, as an IEA model calculation

estimates. According to the model, in 2050 both road and rail

transportation network length will increase by 60% compared

to 2010 levels, while construction costs will represent 0.7 % of

global GDP, and including reconstruction, upgrade, annual

operation and maintenance costs, transportation spending

may be 2 % of GDP [7]. While cities and agglomerations gain

centrality and infrastructure, the accessibility of rural areas has

started to decrease regionally, compared to cities and also in

absolute terms. Some municipalities are hardly accessible by

public transportation. Non-motorized, elderly and mobility-

impaired persons have difficulty accessing healthcare or ser-

vices for daily life – disparities between urban and rural areas

as well as between different social groups occur. As mobility

is a basic need for the national economy as well as for the

individual, unaffordability of mobility causes an exclusion on

the side of the individual and compromises economic wealth.

Besides the increasing consumption described above,

prices of energy resources and infrastructure, and emissions

caused by transportation are the main problems. Emissions

from transportation create unacceptable health conditions ac-

cording to numerous medical investigations [22]. Cities in

China, in particular, have to deal with dense smog, which

leads to serious health concerns. Important in this regard are

the cities of Beijing and Shanghai, and the Pearl River Delta

region, including Guangzhou, Shenzhen and Hong Kong [4].

The situation is likely to worsen as the number of road

vehicles in China might increase fourfold in 2010 to as much

as eightfold in 2030 [40]. According to the International

Energy Agency (IEA), in a scenario “in which fuel economy

standards are tightened and a small uptake of advanced vehi-

cle technologies is present, transportation energy consumption

and emissions are projected to increase by nearly 40 % by

2050”.

The consequences and side effects of growing transporta-

tion and mobility described above can lead to a crisis when

congestion, emissions and cost exceed manageable dimen-

sions. The term ‘mobility crisis’ was chosen to describe a

period characterized by increasing problems requiring adjust-

ments and change. During this time, new concepts, financing

models and political actions are required to adapt to the

changing environment. Today’s policies and investments

point towards a vision of the future, due to their long-term

outcomes. The increasing pressure due to limited natural

and financial resources is reflected in several political

strategies. Countries differ in their national targets and

strategies. In particular, the strategies of big consumer

countries and those with high growth rates of consumption

will be the trendsetters of global supply and demand in

energy. Thus the political strategies of the EU, China or

the USA are crucial; although they are large fossil energy

consumers, they are pursuing ambitious industrial strate-

gies in solar, wind and nuclear markets which will have a

strong impact. One approach to addressing the problem is

the concept of sustainability.

The European Union has created a concept for Sustainable

Urban Transportation Plans, which covers not only environ-

mental impacts of transportation, but also competitiveness and

social aspects [36]. The integration of transportation and spa-

tial planning was identified as one key factor to increase

sustainability in transportation [11, 12]. In the case of roads

and railways, this is reflected by the TEN-T (Trans-European

Transport Networks) projects with an investment of over € 7.2

billion in 327 projects from 2007 to 2013, covering different

transportation modes. Thus, the EU strategy also covers the

field of energy. As the world’s largest energy importer, the

EuropeanUnion is likely to bemore vulnerable to supply risks

[10]. In 2007, EU imports were about 50 % of its energy

needs, and approximately half of its energy was imported

from Russia in the form of oil and natural gas [1]. The

European Union’s energy strategy is one of replacing the

import of fossil fuels with renewables in order to strengthen

economic competitiveness.

Therefore the EU energy strategy for 2020 focuses on

energy efficiency with a pan-European integrated energy mar-

ket. Energy technology and innovation are key issues to

achieve the Green Paper’s targets by 2020: a GHG emission

reduction of 20 % relative to emissions in 1990 and a share of

renewable sources of 20 % [13].
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In China’s energy strategy till the’90s, the key objec-

tives were self-reliance and self-sufficiency. But China’s

demand for energy at the beginning of the’90s changed

the strategy, as the domestic oil production could not meet

the demand and enterprises started to seek oil in foreign

markets [41]. With around one eighth of today’s global

energy consumption and growth rates of more than 400 %

between 1990 and 2010, China’s strategy will shape the

future of the world energy market fundamentally. The 11th

Five-Year Plan 2006–2010 prioritized expanding and se-

curing domestic energy supplies in China – but also, for

the first time, energy conservation through economic effi-

ciency, reduction of poverty and environmental preserva-

tion were put on the agenda.

Besides the plan to increase renewable energy to up to

15 % of the total by 2020 - compared to 9.5 % in 2008

[35] – ‘The Twelfth Five-Year Plan for National Economic

and Social Development’ mentions concrete goals for de-

creasing energy consumption and CO2 emissions: ‘… in-

crease the ratio of non-fossil energy to primary energy

consumption to 11.4 %, reduce the energy consumption

per unit of GDP by 16 %, reduce the carbon dioxide

emission per unit of GDP by 17 %…’ [29 p 13]. The

‘Transformation of Energy Production and Utilization’ is

part of the plan: ‘We will also develop nuclear power on

the basis of ensuring safety, strengthen the construction of

projects that support grid integration, and develop wind

power effectively, actively develop other renewable energy

sources such as solar energy, biomass energy, and geo-

thermal energy, and boost the popularization and applica-

tion of distributed energy resource systems’ [29 p 30].

Besides this, up to now great efforts have been made in

financial outward foreign direct investments (OFDI). The

global financial crisis and turmoil in many parts of the Middle

East and Northern Africa forced China to diversify energy

sources to reduce the risk of oil shortage or unavailability.

Therefore several investments in the production of fossil fuels

overseas were made.

China has a high potential for increasing renewable energy

if the long-term strategy supports such energy sources. This

would also force technological development and push renew-

ables worldwide. Cooperation between government and in-

dustry with regard to investments in science and technology in

the energy sector has given China global leadership in clean

energy. Fighting climate change and forcing renewable energy

are positioned strategically in China’s energy structure. Fore-

casts suggest that the share of renewables in the country’s

overall energy mix could reach 28–32 % by 2030 and 30–

45 % by 2050 [25].

The USA’s energy strategy was historically characterized

by the import of energy. After the USA oil production peaked

in 1970, their production declined more and more and the

imports of fossil fuels increased. But efforts made in hydraulic

fracking changed the situation. The United States is projected

to become the largest global oil producer by around 2020 -

overtaking Saudi Arabia by the mid-2020s [14]. Although the

‘Energy Independence and Security Act 2007’ describes en-

ergy reduction goals and goals to increase renewables, steps

and implementation remain unclear and nonbinding [17].

Energy production in the US is driven by the market. The

possibility of producing fossil energy using hydraulic fracking

currently has priority over other efforts and will probably

extend the fossil age, postponing the tipping point towards a

change to renewable energy use in the US, and also having a

global impact.

There are alternatives to the fossil fuel-based energy gen-

eration in the US. Primarily hydropower, but also solar pho-

tovoltaic and wind-power have experienced an increase over

the last decade. The National Renewable Energy Laboratory

confirmed that renewable energy could cover 80 % of USA

electricity demand by 2050 [38].

Part of, and related to, the energy strategy is energy

taxation, which affects the national price levels, provides

state income and limits or forces consumption. Tax rates

differ between countries. The US forced high consumption

with low taxation, leading to a transportation system with

infrastructure, technologies, decisions, habits and behavior

based on cheap oil. Compared to the US, taxation rates

are higher in Europe, although they differ within the

European Union. In general, compared to other OECD

countries overseas, tax rates are high in European Union

countries, while Canada, the US and Mexico have low tax

rates on liquid fuels. Besides the contribution of oil taxes

to public finance, they are crucial for the national econo-

my. While the economic structure, society and the trans-

portation system in the US evolved based on cheap, low-

taxed oil, higher prices due to taxes have led to relatively

higher energy efficiency in other countries – which would

make a transformation process even more difficult for the

US compared to Europe. On the other hand, higher tax

rates would allow countries to politically buffer times of

high oil price volatility by lowering taxes to avoid damage

of the national economy (Fig. 6).

Future transformation or adapting systems from the past?

The work described in this paper aims to expand knowledge

of the ongoing change process in the transportation system as

well as to estimate the likely future development and out-

comes – based on a qualitative analysis of recent, established

and prospective, uncertain megatrends. Knowledge and

awareness of the characteristics of the change process should

enable decision-makers to actively shape development ac-

cording to the goals they have set as a process of transforma-

tion of the transportation system. To draw a picture of the
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future, recent megatrends were used to describe solid, likely

developments, while prospective ones allowed us to estimate

developments which are more uncertain.

Recent megatrends turned out to be « trends of increase »,

leading to a more global, urban and older population resulting

in more mobility and higher transportation volumes. Social

and regional disparities are also expected to increase, as well

as the supply of knowledge-based products and services

which require knowledge and skills to use and which might

therefore open up or deepen the gap between social groups

according to their capabilities. Beside this, « trends of change

» can be identified. These include climate change, with un-

predictable extreme weather events and unknown, regionally

distinct effects, as well as the shift of economic and political

power towards Asia, which will channel a part of the de-

scribed increase in mobility demand to Asia’s urban and

metropolitan areas. In generalized terms, concerning transpor-

tation and mobility, the world of tomorrow based on the

analysis of the megatrends as described will be more:

& crowded: demand for mobility for more and older people,

especially in cities and in Asia, will further increase,

& complex: more sophisticated products and services will be

provided, requiring skills and learning to use them,

& exclusive: the gap between social groups will widen with

regard to if and how often and on which level of quality they

might be able to affordmobility and thus to take advantage of

opportunities for their lives and individualization,

& vulnerable: extreme weather events related to climate

change will affect the transportation system more often

in as yet unpredictable dimensions, while due to increas-

ing complexity and IC and other technology use, the

system will become more vulnerable,

& diversity-driven: related to the shift of economic growth

and mobility demand towards Asia, future mobility on a

global scale will be shaped based on cultural and political

mindsets that are different from today.

The three prospective trends identified are connected to and

partially dependent on the recent megatrends, with their con-

sequences of a more crowded, complex, exclusive, vulnerable

and diversity-driven world of mobility.

It is clear that due to growing mobility demand and trans-

portation, fossil energy resources will be further exploited,

which will lead to scarcity, reflected in increasing prices and,

in the end, in limited availability; what remains unclear is the

timeline of the development. Megatrends of increase will

accelerate the speed towards scarcity – supported by the shift

towards Asian growing economies, which are still hungry for

more mobility and car use. In contrast, exclusivity and social

and income disparities might serve as a modulator for this

increase.

Increasing demand, if it causes shortages and scarcity of

energy, as well as the related emissions are aspects leading to a

crisis and resulting in political reactions to try to tackle the

related problems. Today’s political strategies affect the next
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Fig. 6 Effective tax rates (€/Gigajoule) on petrol and diesel fuels in selected OECD countries in 2013 [31]
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decades due to their long-term investments in the transporta-

tion and energy system, which are persistent in view of the fact

that infrastructure, vehicles, etc. take decades to redesign.

In particular, Europe’s, China’s and the USA’s strategies on

energy resources are crucial as these three regions accounted

for more than 75 % of the world’s energy use in 2012 – with

further increasing dynamic of consumption in China and, on a

lower level, also in the US. Fossil stabilization seems to be the

mainstream of their strategies on the supply side. Securing oil

supply by autarky and/or diversifying the supplying countries

are especially obvious in the US and Chinese strategies al-

though China seems to follow a hybrid strategy, investing in

fossil energy security combined with an increase in renew-

ables. A few European countries are also developing strategies

of change towards renewable energies, especially Denmark

and Germany. As today’s investment in infrastructure, tech-

nologies and related industries set the path for the next de-

cades, today’s strategies on the energy supply side not only

support but enforce the fossil path. Instead of addressing the

threat of absolute scarcity of global fossil energy resources in

time, national strategies focus on securing their own access to

remaining resources. Competition on a national level seems to

lead strategies more than the global finiteness and availability

of fossil energy.

Besides this demand side, policy is important for shaping

the development in, and the future of, transportation. Moving

from liquid fossil fuel to renewable energies would mean

replacing around a billion cars – with 250 million in the

European Union [13, 39], as well as vehicle and infrastructure

production, reorganization and related logistics. This would

take decades. Up to now, there have been minor efforts com-

pared to the investments made to run the fossil-fueled world.

No substantial change can be expected for the next 20 to

30 years. An exception is China’s policy on electric vehicles,

mainly motivated by tackling urban smog problems, which

has the potential to stimulate technology development in

Europe and the US too. This could create impulses for a

change as long as it is combined with non-fossil energy

production (Fig. 7).

Directions and consequences of technology change are

difficult to predict. They are driven by the market, economy

and society – as well as being related and reacting to political

regulations and conditions. To address the challenges coming

with increasing mobility and scarcity of fossil energy, innova-

tion to reduce energy consumption and CO2 emissions, such

as engines or lightweight vehicles, are needed as well as

solutions for mass transportation.When asked about the future

importance of a selected range of technologies, experts saw

more potential in technologies enabling new products or ser-

vices or more speed in the case of high-speed trains. Commu-

nication, autonomization and traffic control systems provide

new options which seem to be more promising than technol-

ogies addressing problems, especially economization. This

might be due to the assumption of marketability. Without

pressure of prices or regulations, no need to buy or sell

energy-efficient technologies arises – as shown in the past:

e.g. before more efficient fuel engines were introduced in

response to EU CO2 emission limits, consumers did not buy

smaller cars and car manufacturers did not sell notable num-

bers of them. Technology change seems to be driven 1) if

innovation promises new opportunities for producers to sell or

for customers to buy or 2) as a reaction to regulations, price

shock etc.. It is likely that experts not only estimate the

importance of economizing technologies to be low, but also
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make their decisions based on this mindset. Scarcity of fossil

energy seems to be an almost logical consequence: this goes

along with the growth of mobility, which is driven by the trend

to individualize in the sense of taking more opportunities for

life optimization.

Political regulation is able to interfere with this « natural »

growth cycle; regulations and subsidies can serve as game

changers. So, how does policy deal with transportation and

energy? First of all, decision-makers are representatives of

society and the economy; they cannot go too far ahead of

the parade – unless they are extremely visionary and self-

confident leaders.

A tipping point can only be reached if large markets

are subject to the same regulations or political condi-

tions, which would need to diverge significantly from

fossil-fueled transportation strategies. Such a real trans-

formation can hardly be imagined without a paradigm

shift: from ‘reinvesting’ gains in efficiency for higher

performance towards energy savings, integration of re-

newables and redesign of transportation and energy sup-

ply. At best, we might be at the very beginning of such

a paradigm shift. In China and Europe, promising signs

can be identified in the demand side strategies for

transportation, and these might stimulate technological

development towards change. However, they need to be

linked to an energy policy that supports renewables.

The analysis of megatrends showed how strongly the

future development of transportation is determined by

traditional drivers: growth and increasing use of finite

resources, regardless of the fact that this heads towards a

fossil-fuel and overload crisis in transportation. Transfor-

mation needs new forms of mobility based on old infra-

structure and a restructuring of the given infrastructure

parallel to continuously developing the traditional system

into a future resilient one. One of the main findings of the

work underlying this paper is that astonishingly few polit-

ical strategies seem to tackle the high risk of the one-way

fossil system and the obvious threat of scarcity. At the

moment, the mainstream of the change in transportation

appears rather as a substitution within in the boundaries of

the fossil-fueled world than as transformation in the sense

of a fundamental change.

A barrier for transformation and for a paradigm shift

addressing the signs of the crisis is the inertia of the

given system, with a fixed infrastructure providing high

mobility at least in some parts of the world based on a

high car ownership rate. Relative scarcity of energy as

reflected in high and volatile prices, as well as absolute

scarcity with non-availability, seems to be unavoidable.

From a European and western world perspective, one

might think we are already dealing with the challenge

and will be capable of doing so in the future. What will

be different from today is that the future market will

show a power distribution concerning consumption and

demand, and concerning basic and raw materials, which

is different from today. Thus, dealing with new compet-

itive situations and adapting to a changed world of

dependencies will be one of the key factors.

Besides challenges coming from this side, opportunities

might also arise. While the thinking dominated by the US

and the western world has not succeeded in leaving the

problematic fossil energy path, impulses for change may

arise from China, other Asian countries and Europe. Besides

powerful political strategies and large investments, social

trends, which are underestimated with regard to their influ-

ence and speed, also have the potential to change the world

of transportation. Not only monitoring bottom-up changes in

acceptance and use of technologies, but also directing be-

havior by incentives, nudges and regulations can have a

serious impact.

To develop an alternative path of development would re-

quire creating an idea of transformation as a process of active-

ly shaping and redirecting the system development by antic-

ipating and addressing future challenges – instead of compet-

ing for remaining fossil resources and sinking investments in

out-dated strategies.

Using megatrends with their classification of recent,

established and prospective, uncertain trends provided a

helpful basis for the qualitative analysis of shaping

frame conditions and estimation of their future rele-

vance. Although starting points for action could be

identified, more in-depth analysis and integration of

quantitative data would be needed to provide more

evidence. Further research could combine the approach

with scenario building and additional expert surveys to

both, broaden the context perspective and provide a

more detailed analysis of potential future developments,

impact and interaction of different trends.
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