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Project background

The transport sector is the fastest growing
source of greenhouse gas emissions at pres-

ent. It accounts for approximately one quarter
of global greenhouse gas emissions and hence
figures prominently in efforts to transform the
energy economy and protect the climate. With-
out a scaled-up global mitigation effort, it will not
be possible to reach the climate targets of the
Paris Agreement. A low-carbon transformation of
the global transport sector is the next necessary
step in the global energy transformation.

Germany's Federal Foreign Office has commis-
sioned the project “T4<2° - Transport for under
two degrees”, a global foresight study on the
decarbonisation and transformation of the trans-
port sector to identify challenges and opportu-
nities for a sustainable, low-carbon transport
sector. The findings provide decision-makers
with a clear vision and specific recommendations
on how to achieve decarbonisation of the sector

and orchestrate international efforts for a global
transport system transformation.

For this end, the study applied methods of
strategic foresight: In particular, these foresight
methods comprised context mapping in the form
of a systematic literature review on international
transport scenarios and 56 qualitative interviews
with international senior experts primarily from
the transport and energy sectors. Subsequently,
a two-stage Delphi survey was conducted. A
Delphi survey is a structured, iterative group
facilitation technique that has been developed
as a systematic, interactive forecasting method.
290 international experts participated in the
first round of the survey; 103 experts took part
in round two. The project was implemented
between March 2018 and February 2020. The
findings of context mapping and Delphi survey
have been synthesised and interpreted and
specific implications for policy and international
cooperation have been developed.

Figure 01 | The methodological design and expert background
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The study provides 10 key insights:

A full decarbonisation of the transport sector
requires higher ambition in order to reach the
goals of the Paris agreement: A full decarbonisa-
tion must happen by 2050, as projections show?
This means that the current level of ambition

in countries world-wide — as estimated by the
experts in this study — has to be raised to achieve
these goals. The study moreover concludes that
developed as well as developing countries should
work on the same timeline. This gives rise to the
question whether the so far discussed differ-

entiated timelines in the Paris Agreement are
necessary or useful for the transport sector. The
surveyed experts do not expect that the transfor-
mation will slow down economic growth — to the
contrary, they estimate that it will create more jobs
than it may eliminate. In order to ensure that the
transport sector effectively contributes to over-

all sustainable development, its decarbonisation
needs to be accompanied by policies fit to reduce
social divides and global development gaps.

1 See for example Partnership on Sustainable, Low Carbon Transport (SLoCaT). (2018). Transport and climate
change. Retrieved from www.slocat.net/wp-content/uploads/legacy/slocat_transport-and-climate-change-

2018-web.pdf

Figure 02 | By when will the transport sector be decarbonised?
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Energy and transport but also trade are the cru-
cial fields of international governance that require
more coherent and coordinated action: According
to the surveyed experts, these three sectors need
to be better integrated at an international level to
achieve the decarbonisation of the transport sector.
While the energy sector will have to provide suf-
ficient renewable energy for the transport sector,
governance of the trade sector will have to provide

the frameworks for a level playing field and the
reduction of overall transport demand. Within the
transport sector, international governance should
strive for coordinated and coherent policies regard-
ing emissions reduction and low-carbon technol-
ogies. Among the international organisations, the
European Union (EU) will play a leading role in these
efforts, according to the experts.

Figure 03 | The most influencial international organisations for the success

of the global transport transformation
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Electricity from wind and solar will be the lead-
ing energy carrier for transport: Experts over-
whelmingly agree that the transport sector will
mainly be powered by electricity from renewable
sources. For land-based passenger and freight
transport, directly used electricity from renewa-
ble sources will be the dominating energy carrier.
Aviation and maritime transport on the other
hand are expected to require the highest ambi-

tion, as the currently available options in these
sectors still oppose the goal of decarbonisation.
Therefore, more action is required in these areas
in order to replace fossil energy carriers with
synthetic fuels based on renewable energy. The
expansion of the production of electricity from
wind and solar needs to be extended and acceler-
ated accordingly to make the transport transfor-
mation a success.

Public transport, active modes of transport,
shared mobility services as well as sustainable
urban planning will be the backbone of climate-
friendly urban transport. Therefore, investments
in public transport along with the promotion of
cycling and walking have to be prioritized. To break

the expected and continued dominance of the
individually owned car, policies are needed to
promote sharing and pooling. Sustainable city
planning is essential to reduce transport demand
in the first place and set the prerequisite for effi-
cient and just mobility systems.

The development of alternative drive technolo-
gies demands increased attention in rural areas
without ruling out new mobility options. While
rural areas in developed countries are highly
car-dependent, rural areas in developing countries
are faced with a considerable lack of access to
mobility. Experts expect that cars will still play an

important role in rural transport in 2050. Alterna-
tive drive technologies will be crucial to meet this
demand. At the same time, alternative mobility
solutions are needed to reduce car dependency
and reduce spending on new car infrastructure in
favour of mobility systems that support decar-
bonisation and promote equal access.

Digitisation and autonomous driving need a
comprehensive political framework in order to
support the decarbonisation of the transport
sector: The majority of experts see a potential for
digitization to support the reduction of greenhouse
gas emissions, even though this is expected to be
linked to a significant increase in energy demand
due to data processing. Thus, the exploitation of
this potential must be linked to strong interna-

tional governance. The majority of the experts see
a significant role of autonomous vehicles (AVs) in
road passenger transport, although there is no
clear position that they will dominate the mar-

ket by 2050. In general, the potentially negative
effects through increased urban sprawl and trans-
port volumes as well as higher energy demand are
seen as relevant concerns which also proves the
need for political governance.
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The political task of promoting the successful
structural change in the automotive and fossil
fuel industry will require more efforts by policy
makers. Vested interests of incumbent indus-
tries — particularly the automotive and fossil fuel

industries — are by far the biggest challenge to

the decarbonisation of the transport sector, as the
study reveals. The defining task for policymakers is
actively supporting the structural change in these
industries in order to manage their transformation.

Countries with large incumbent industries,
economic weight and political power have to
play the key role in order to ensure the suc-

cess of transport decarbonisation. Experts see
China, the United States (US), Germany, India

and the EU in general as the key players to drive
the transition. While countries without fossil oil
resources would greatly benefit from transport
decarbonisation, those with a high dependency on
fossil fuel exports or automotive industries must

support a structural shift in order to secure their
long-term market competitiveness. This affects
Russia, Saudi Arabia and the US, but also China
and Germany. Furthermore, the experts point out
that a shift in demand from fossil fuels to scarce
metals such as cobalt or lithium, as well as rare
earths needed for the sector's electrification does
not necessarily decrease the risk of geopolitical
conflict related to the unequal distribution of
resources.

Figure 04 | The five most influential countries for the success of the global transport transformation
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New technologies and mobility solutions can
only unfold their full potential for decarbonisa-
tion if policy makers also focus on a change in
mobility behaviour. A lack of suitable technology
is not expected to be a challenge. The success

of the decarbonisation of transport will first and
foremost depend on how the technology will be
adopted. Most of the experts suggest that policy-
makers should focus more on regulation of behav-
iour in addition to regulation of technology.

Decision-makers have to prioritise regulatory
action over incentivisation and hereby provide

a sound political framework, in order to ensure
long-term investment security for public funding
as well as private capital: A lack of regulation was
identified as the second biggest challenge to the
transformation of transport after vested interests
of incumbent industries. Fuel pricing and a forced
phase-out of vehicles with combustion engines
are seen as the most effective measures to sup-
port transport decarbonisation. Regulation needs
to be complemented with investment, especially

in public transport. Experts expect that sufficient
funds will be available for the transformation of
the transport sector. A combination of public and
private sector money will have to be mobilised.
This requires national and local governments to
provide the right framework to make investments
in sustainable mobility attractive to private inves-
tors. Reorienting public money currently spent on
fossil fuel subsidies is as urgent as providing cities
with greater financial autonomy, and supporting
developing countries with sustainability-oriented,
policy-based lending.

Figure 05 | A politically forced phase-out of incumbent and fossil fuel-driven technologies is needed
in order to decarbonise the transport sector by mid-century
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Implications for policy and
international cooperation

The findings of this foresight study provide a
rich depiction of a possible future with a decar-
bonised transport system. The extensive mate-
rial collected through context mapping and a
Delphi survey indicates where global ambition
is heading and where shortcomings need to be
addressed. It also shows that foreign policy and
international cooperation could play a vital role
in decarbonising transport by

1. strengthening global governance in trans-
port and across sectors,

2. intensifying bi- and trilateral cooperation
with key actors,

3. building political momentum through dia-
logue on key topics.

In order to develop strategies for foreign pol-

icy and international cooperation, these fields

of action should be analysed more carefully in
future studies. The present study can help to out-
line some of the possibilities and opportunities.

Strengthen global governance

The study emphasises that a full decarbonisation
of the transport sector requires higher ambi-
tion in order to achieve the goals of the Paris
agreement. This will need all relevant actors to
collaborate and a variety of ambitious measures
to be implemented. Countries should strive for
multilateral and regional agreements and frame-
works. These can showcase positive effects,
build up momentum and serve as a catalyst for
broader action for others to follow. International
cooperation and foreign policy will have to play a
crucial part as facilitators of these actions.

Many levels, structures and organisations are
already in place that are dealing with transport
issues on an international level, from, for exam-
ple, the European Union (EU), the G7, the G20

G20 and the United Nations (UN) to International
financial Institutions (IFls) as well as urban mobil-
ity policy and city networks. In order to achieve

a coherent and coordinated international
approach, a mapping of existing organisations
would be necessary to analyse which actors are
already focusing on decarbonising transport and
to identify their focus area. Furthermore, it needs
to be evaluated which role the decarbonisation
of transport plays in the Sustainable Develop-
ment Goals (SDGs). On this basis the question
should be discussed whether a new clustering

of tasks will be necessary within the existing
organisations or whether new organisations will
be needed for certain tasks (see for example the
discussion about the foundation of a UN organi-
sation for transport).

Intensify bi- and trilateral
cooperation

The decarbonisation of the transport sector must
become a cross-sectoral topic within economic
and political partnerships on bi- and trilateral
levels. Feasible solutions and benefits of action,
joint projects and structural support in key areas
should be highlighted to advance the dialogue
for mutual benefit.

Particular attention should be given to:

« Dialogue with fossil fuel exporting coun-
tries: These countries will have to make
profound changes to their economic sys-
tems. Modernisation initiatives should be
encouraged.

«  Partnerships with countries that have been
assessed, besides Germany and the EU, as
the most decisive for the transformation of
transport: China, the US and India.

+  Enabling less motorised countries to leap-
frog carbon-intensive technologies, thereby



reducing the dependency on fossil fuels and
preventing lock-in effects.

*  Promoting economic cooperation in the
transport industry by innovative industrial
partnerships and networks for Research and
Development (R&D) as well as the develop-
ment and harmonization of industry stand-
ards, for example with regard to automotive
industries, electric mobility, new mobility
services, hydrogen and power-to-x-technolo-
gies, aviation and maritime industries.

+  Actively raising the issue of transport trans-
formation in bi- and trilateral cooperation.

Cooperation and dialogue that supports the
transport transformation could focus on the
following topics:

1. defining a strategy for a policy-driven fossil
fuel phase-out,

2. redirecting funding towards low-carbon
solutions,

3. implementing and harmonising CO, pricing
mechanisms,

4. promoting the extension of electricity
production from renewable sources for
direct usage as well as for the production of
hydrogen and other power-to-x fuels,

5. mitigating the negative effects of biofuels,

6. ensuring the availability and socially as well
as ecologically responsible production of
scarce metals and rare earths needed for
zero-emission technologies such as traction
batteries, particularly cobalt and lithium,

7. identifying options to reduce the transport
demand caused by trade policies and supply
chains, and

8. agreeing on suitable pathways for decarboni-
sation in aviation and maritime transport.

Finally, raising awareness for the necessity of a
transport sector transformation and transpar-
ently communicating its advantages and the
necessary changes are essential to promote
acceptance and mobilise widespread stake-
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holder support. With embassies as multipliers,
foreign policy has a strong network to dissem-
inate information, stimulate national networks
and get partners involved. Sharing national and
local experiences will strengthen the dialogue on
solutions for the future of transport as part of
international advocacy work for the global trans-
formation of the transport sector.

The Covid-19 pandemic has shown that there

is potential for swift systemic change within the
mobility sector whilst at the same time highlight-
ing certain weaknesses of the transport system.
This has underlined the relevance and urgency
of the main findings of this study. The transition
towards a decarbonised, socially and economi-
cally sustainable transport sector must start now,
not only to tackle climate change but also to
strengthen societal and economic resilience and
prepare for future crises.
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