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Disclaimer
The results presented in this report are outputs of the academic research conducted under the DDP BIICS project as per the contractual 
agreement.  The academic work does not in any way represent our considered opinion for climate negotiations and also does not reflect the 
official policy or position of any government.
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How is this document relevant  

to the Global Stocktake?

This document is part of a collective report that assesses the evolution of climate ambition in 26 countries 
and 3 hard-to-abate sectors through a granular and context-specific analysis of trends and progress of national 
and sectoral transformations.1 This approach allows identifying what hinders and spurs action in countries 
and sectors, and understanding the conditions that can support enhanced ambition, which could be political, 
social, economic, governance. 

These insights are directly relevant to four overarching functions of the Global Stocktake in support of its 
desired outcome, i.e. “to inform Parties in updating and enhancing, in a nationally determined manner, their 
actions and support in accordance with the provisions of the Paris Agreement, as well as enhancing international 
cooperation for climate action” (Article 14.3 of the Paris Agreement): 

 yCreate the conditions for an open and constructive conversation on global cooperation (on e.g., technology, 
trade, finance, etc.), based on an in-depth understanding of the international enablers of enhanced country 
ambition.
 yOrganize a process for knowledge sharing and collective learning, based on concrete examples of actions 
already in place or being discussed, including best practices. 
 yCreate space for open dialogues across different stakeholders to support better coordination of actions, 
based on a detailed understanding of the levers to be activated to enhance ambition in national and sectoral 
transitions
 y Facilitate ownership by decision-makers of the climate challenge and the risks and opportunities of the 
low-emission and resilient transition, based on context-specific and granular analysis of barriers and enablers. 

More specifically, the collective report in general – and this document in particular – can contribute to address 
some of the key guiding questions for the Global Stocktake2, notably:

 yWhat actions have been taken to increase the ability to adapt to the adverse impacts of climate change and 
foster the climate resilience of people, livelihoods, and ecosystem? To what extent have national adaptation 
plans and related efforts contributed to these actions (Decision 19/CMA.1, paragraph 36(c))?
 yHow adequate and effective are current adaptation efforts and support provided for adaptation (Article 7.14 
(c) Paris Agreement)?

1 The full report « Climate ambition beyond emission numbers - Taking stock of progress by looking inside countries and sectors” can be found 
at: https://www.iddri.org/en/publications-and-events/report/climate-ambition-beyond-emission-numbers-taking-stock-progress 

2 Draft Guiding Questions for the Technical Assessment of GST1 (version 20th October 2021), available at: https://unfccc.int/sites/default/files/
resource/Draft%20GST1_TA%20Guiding%20Questions.pdf
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 yWhat are the barriers and challenges, including finance, technology development and transfer and capaci-
ty-building gaps, faced by developing countries?
 yWhat is the collective progress made towards achieving the long-term vision on the importance of fully re-
alizing technology development and transfer in order to improve resilience to climate change and to reduce 
greenhouse gas emissions referred in Article 10.1 of the Paris Agreement? What is the state of cooperative 
action on technology development and transfer?
 yWhat progress been made on enhancing the capacity of developing country Parties to implement the Paris 
Agreement (Article 11.3 Paris Agreement)?
 y To achieve the purpose and long-term goals of the Paris Agreement (mitigation, adaptation, and finance 
flows and means of implementation, as well as loss and damage, response measures), in the light of equity 
and the best available science, taking into account the contextual matters in the preambular paragraphs of 
the Paris Agreement:
 yWhat are the good practices, barriers and challenges for enhanced action?
 yWhat is needed to make finance flows consistent with a pathway towards low GHG emissions and cli-
mate-resilient development?
 yWhat are the needs of developing countries related to the ambitious implementation of the Paris Agreement?

 yWhat is needed to enhance national level action and support, as well as to enhance international cooperation 
for climate action, including in the short term?
 yWhat is the collective progress made by non-Party stakeholders, including indigenous peoples and local 
communities, to achieve the purpose and long-term goals of the Paris Agreement, and what are the impacts, 
good practices, potential opportunities, barriers and challenges (Decision 19/CMA.1, paras 36(g) and 37(i))?
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1Foreword
Henri Waisman, Marta Torres Gunfaus, Anna Perez Catala, IDDRI.

Country commitments as reflected in enhanced Na-
tionally Determined Contributions submitted to the 
UNFCCC are insufficient to put the world on track to 
achieve the collective objective of the Paris Agree-
ment to hold temperature increase below 2 °C or 
1.5 °C above pre-industrial levels. Furthermore, con-
crete policies and actions adopted by countries on 
the ground are often not sufficient to achieve these 
NDC targets. These conclusions highlight the need to 
increase ambition and to provide convincing evidence 
to accelerate action in the immediate and short term 
to give effect to this ambition. Yet these assessments 
are not sufficient to effectively guide the progressive 
increase of ambition, as organized by the cyclical pro-
cess of the Paris Agreement.

APPROACH 
With this imperative in mind, this report adopts a 
different, complementary, perspective on climate am-
bition. It seeks to open the box of emission pathways, 
by considering multiple dimensions of the conditions 
that will make these pathways possible. These are 
technical, economic, political, social and governance 
considerations in need of attention to enable the 
required far-reaching and systemic transformation 
towards the long-term goal. On the one hand, the 
revision of emission targets needs to be directed by 
an assessment of how drivers of emissions should 
change to trigger transformation. On the other hand, 
converting emissions’ targets into pertinent concrete 
implementation requires well-designed policy packag-
es and investment plans that are also informed by a 
clear and detailed understanding of the starting point, 
priorities and interplays between the available levers 
of transformation. 
This bottom-up assessment aims at contributing to 
the process of collective learning in support of the pro-
gressive increase of collective ambition, as inserted at 
the core of the Paris Agreement paradigm. Approach-
ing climate ambition through the lens of underlying 
transformations calls for reflecting the heterogeneous 
nature and the multi-faceted aspects of transitions 

in different sectors and countries. This forces a move 
away from a purely global perspective to a more gran-
ular approach based on country- and sectoral perspec-
tives. Thus, the report explores trends and progress on 
these transformations, as locally observed over the 
past years, notably since the Paris Agreement. This 
‘backwards looking’ approach can help identify where 
developments are going in the right direction, where 
they should be accelerated and where major tensions 
remain that should be addressed as a priority to avoid 
undermining the transition. The picture of the state 
of the ambition discussion, firmly embedded in the 
country and sectoral realities, can provide means for 
reflection and action within the international climate 
community, particularly to inform focus areas for ad-
vancing the collective ambition agenda.

STRUCTURE OF THE REPORT
This sectoral report highlights a selection of the main 
recent advances and remaining barriers for a far-reach-
ing sectoral transformation towards, and where rele-
vant beyond, net zero sectoral emissions. It examines 
relevant scientific and academic debates, as well as 
relevant sectoral- and climate policy influencing the 
climate- and environmental impact of the sector. 
This report is part of a full series of 26 country chap-
ters and three sectoral chapters. The full report in-
cludes a “summary for decision-makers” to present 
10 cross-cutting messages emerging from the country 
and sector analysis, as a guide to the selection of pri-
orities for collective action in the post-COP26 period.
.
You will find the full report at: https://www.iddri.
org/en/publications-and-events/report/climate-am-
bition-beyond-emission-numbers-taking-stock-pro-
gress
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A narrative of climate ambition  
in key hard-to-abate sectors

2The transition 
to zero-emission 
transport 

CONTEXT
Transport is one of the most interconnected and cross-cutting development 
areas. It has profound impacts on all facets of sustainable development - 
social, environmental, and economic - with ‘multiplier effects’ that go well 
beyond the scale of development and financial investment. Enabling more 
sustainable, low carbon development pathways for transport and mobility 
is therefore necessary to achieving more sustainable development overall, 
including implementing the Sustainable Development Goals outlined in the 
2030 Agenda for Sustainable Development. The COVID-19 pandemic has 
highlighted how critical transport is to a functioning society – from enabling 
access to jobs and essential services such as healthcare and education, to 
delivering food and other goods, and supporting overall equitable economic 
development.
For example, sustainable, low carbon transport increases equitable access to 
jobs and other socio-economic opportunities for people of all ages, genders, 
and abilities. It powers a just transition to green jobs in a circular economy 
and employs millions of people in urban and rural areas. It reduces air pollu-
tion from transport, improving air quality and providing significant benefits 
to public health. It reduces congestion, fuel imports and infrastructure costs. 
And sustainable, low carbon transport is essential to reach global carbon 
neutrality by mid-century compatible with the 1.5 degree celsius goal of the 
Paris Agreement.
Yet, while transport is essential to a thriving society, the current paradigm – in 
which transport is primarily powered by fossil fuels – is coming at a dire cost to 
people and our planet. The transport sector is now the fastest-growing source 
of emissions from fuel combustion in the world, and was the second largest 
source of CO2 emissions after the power sector in 2019 (Crippa et al., 2020). 

This chapter has been written thanks 
to the support of the International 
Climate Initiative (IKI) of the Ger-
man Federal Ministry for the Envi-
ronment, Nature Conservation and 
Nuclear Safety (BMU).
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Annual emissions from transport grew continuously 
from 5.7 Gt CO2 in 2000 to around 8 Gt CO2 in 2018 
(IEA, 2019), representing 24% of global energy-related 
emissions and 14% of global greenhouse gases emis-
sions in 2018 (IEA, 2020).
Given the concerning global trends in the growth of 
transport CO2 emissions, ambitious targets to decar-
bonise the sector and associated action strategies 
must be set as a matter of urgency. However, thus 
far, these ambitions have fallen short in countries’ 
Nationally Determined Contributions (NDCs). As of 
May 2021, only 15% of updated NDC submissions 
(representing 7 countries and the EU-27, out of 54 
total submissions) had set transport mitigation targets 
(GIZ and SLOCAT, 2021).
To keep global temperature rise well below 2°C 
and towards 1.5°C, economies must reach carbon 
neutrality as soon as possible (and by mid-century 
at the latest). According to the Intergovernmental 
Panel on Climate Change (IPCC), this will require 
“rapid and far-reaching transitions in energy, land, 
urban and infrastructure (including transport and 
buildings)”, “unprecedented in terms of scale” and 
“imply deep emissions reductions in all sectors” 
(IPCC, 2018). This will require the transport sec-
tor to approach absolute zero emissions by 2050, 
which cannot be achieved without structural and 
systemic transformations (Rogelj et al., 2018) which 
go beyond, for example, relying on carbon offsets 
to compensate for emissions. The sustainable de-
carbonization of the sector is possible, through a 

combination of scaling up existing solutions and 
taking a more comprehensive approach to reaching 
carbon neutrality.

Chapter objectives
The objective of this chapter is to contribute to a bal-
anced assessment of current progress and challenges 
of approaching absolute zero transport emissions by 
2050 to better understand what it will take for the 
sector to achieve the goals of the Paris Agreement. 
While the targets and plans set in countries’ Nation-
ally-Determined Contributions (NDCs) reveal current 
levels of ambition, they do not paint a complete pic-
ture of the global trends and developments which are 
both leading to and helping mitigate the transport 
sector’s impact on the climate.
This chapter assesses some of these current trends 
to help identify the structural transformations which 
will be necessary to reach carbon neutrality. It starts 
by assessing the implementation of four key sectoral 
transformations before outlining a list of enabling 
conditions which are believed to be critical to the 
success of the overall sustainable decarbonization of 
the transport sector.

GtCO2

0

1

2

3

4

5

6

7

8

2018201220062000

Figure 1. Global Transport CO2 Emission Trends by Mode: 2000-2018.

Rising global demand for mobility and goods has led to a rapid growth in transport emissions from 2000-2018. 
For more information on the major trends and drivers leading to this growth, see: 

+ 43% Passenger road vehicles

Growth from 2000 to 2018

+ 39% Road freight vehicles

+ 38% Aviation (internationnal and domestic)
+ 38% Shipping (internationnal and domestic)
+ 28% Other (pipelineand other non speci�ed transport)

+   2% Rail
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ASSESSING THE 
IMPLEMENTATION OF FOUR KEY 
SECTORAL TRANSFORMATIONS

Four key areas have been identified in which structural 
transformations are necessary to sustainably approach 
absolute zero transport emissions from the transport 
sector by 2050. Some of these transformations are 
already under way but will need to be greatly acceler-
ated. Each area includes details on progress, remaining 
challenges, and proposed solutions. The four areas 
identified include:
1. (Re)developing metropolitan areas to be less 

car-dependent
2. Revamping supply chains towards more lo-

cal and circular production and consumption 
systems

3. Transitioning from fossil-fuel powered to ze-
ro-emission road vehicles

4. Employing a multifaceted approach to reduce 
emissions from aviation

1. (Re)developing metropolitan areas to be 
less car-dependent
Cities and their metropolitan areas are currently 
facing numerous challenges caused by car-oriented 
mobility systems, such as air pollution, CO2 emis-
sions, congestion, and traffic crashes and current 
development patterns in cities are characterised by 
uncontrolled urban sprawl. These challenges have 
helped evoke a global movement in which cities 
are adapting the built environment and related 
social, transport and land-use policies to reduce 
travel distances and encourage the use of active 
and collective mobility for daily activities and de-
liveries. To achieve this, some cities are beginning 
to redesign and adapt their built environment to 
include multiple compact centres in which citizens 
are able to access most of their daily needs (hous-
ing, employment, shopping, health care, schools 
and leisure) within a limited radius, where walking, 
biking or public transport are the most efficient 
modes of transport in terms of time and cost (Ewing 
and Cervero, 2010). This transformation of urban 
environments has been gaining popularity through 
the “15-minute city” concept, based on residents’ 

ability to meet the majority of their daily needs 
within a 15-minute (walk/cycle/public transport) 
trip from their home. The concept was first pop-
ularised by Mayor Anne Hidalgo of Paris and has 
been adapted and implemented in a number of 
cities around the world.
For example, several European cities, such as Barce-
lona, Spain, have incorporated superblock systems 
made up of neighbourhoods of several blocks, where 
traffic is restricted to major roads around the pe-
riphery of the superblock, opening up entire groups 
of streets to pedestrians and cyclists. These develop-
ments, which are cheap and reversible, are designed 
to create more open space for citizens to meet, talk 
and carry-out daily activities (C40 Cities Climate 
Leadership Group and C40 Knowledge Hub, 2020; 
Nanda, 2019). Paris, France is achieving 15-minute 
cities by turning over 70% of on-street car parking 
space to other uses, including bicycle paths on every 
street and bridge. The concept is also relevant for less 
dense cities, such as Houston, Texas, which has pro-
posed a Walkable Places ordinance to create six dis-
tinct central business districts aligned with 15-minute 
city principles, with the aim of reducing commuter 
traffic across the city. Chengdu, China also has plans 
to move towards a more polycentric development 
approach by creating a smaller, distinct satellite city 
in its outskirts, where essential goods and services 
will be within a 15-minute walk of the pedestrianised 
center and connected to current urban centers via 
mass transport (C40 Cities Climate Leadership Group 
and C40 Knowledge Hub, 2020).
This shift in spatial organisation and development is 
particularly relevant for cities in the Global South, 
where today, more than half of urban residents must 
travel 60 minutes or more to access jobs and services 
(Venter et al., 2019). The Global South is also expe-
riencing the fastest growth in urban development, so 
this shift in the conceptualisation of urban and trans-
port planning can be helpful in avoiding car-oriented 
transport development patterns. It also does not cost 
more than car-oriented development, and can lead 
to long-term savings for cities, who will be able to 
avoid some of the costs associated with congestion, 
air pollution, and maintaining more extensive trans-
port infrastructure.
The current COVID-19 pandemic has highlighted 
the often inequitable use of public space between 
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cars and pedestrians and cyclists. It has also of-
fered opportunities for cities to rapidly implement 
short-term measures which are consistent with a 
long-term transformation towards less car-depen-
dency. For example, in 2020, more than 194 cities 
across the world launched open streets programmes 
(prioritising pedestrians and cyclists over cars) and 
in Europe(Combs, 2020), cities quickly built 1,500 
kilometres of bicycle lanes, allocating EUR 1.7 billion 
(USD 2 billion) towards the promotion of cycling 
(European Cyclists' Federation, 2020).

Ongoing challenges and proposed solutions:
1.a. Urban and spatial planning, transport plan-
ning, economic development, and social services 
are not designed and implemented in unison.
Transport planning traditionally focuses on the oper-
ation, provision, and management of transport infra-
structure and services. However, transforming met-
ropolitan areas to be less oriented around the use of 
cars requires an articulated and systemic long-term 
approach which includes socio-economic and land-
use policies (See Enabling condition 1 - Adopt a com-
prehensive and long-term strategy towards transport 
decarbonization which includes a focus on the underly-
ing drivers of transport demand).
Land-use planning and local financial incentives and 
regulations play a key role in enabling the shift to-
wards less car-oriented development. These policies 
and regulations can help enable a diversification 
of activities (residential, commercial, places of 
employment and leisure, etc.) to exist in the same 
spatial radius. It is important that these policies 
take into account the diverse needs of different 
households and businesses, developing measures 
to make these activities affordable and accessible 
for all. This requires targeted social and economic 
policies such as developing relevant housing regu-
lations to avoid unwanted relocation of low-income 
households or local financial incentives to facilitate 
the development of specific jobs and economic 
activities (Braeuninger et al., 2012).
Sustainable Urban Mobility Plans (SUMPs) are a tool 
that can help support this more systematic and inte-
grated planning approach. SUMPs are strategic plans 
designed to satisfy the mobility needs of people and 
businesses in cities and their surroundings for a bet-
ter quality of life. SUMPs build on existing planning 

practices and take due consideration of integration, 
participation, and evaluation principles. SUMPs are 
based on the following principles: plan for sustain-
able mobility in the “functional urban area”; cooperate 
across institutional boundaries; involve citizens and 
stakeholders; assess current and future performance; 
define a long-term vision and a clear implementation 
plan; develop all transport modes in an integrated 
manner; arrange for monitoring and evaluation; and 
assure quality.
MobiliseYourCity has developed a SUMP toolkit to 
provide support to cities in the various phases of 
SUMP development and implementation. The EU 
also has developed a set of guidelines for defining 
and implementing SUMPs (Changing Transport, 2021; 
Rupprecht Consult, 2019) which can complement 
transport emission reduction strategies in NDCs.

1.b. Local competencies and resources are often 
insufficient to design and implement integrated 
planning.
Cities must have both the financial and human 
capacity to plan in a more integrated manner, 
which requires higher levels of communication and 
coordination between different city departments. 
Many major cities and economic centers have this 
financial capacity and should reallocate funding 
and restructure workflows towards more integration 
between transport planning, urban planning, and 
economic development. However, for many less 
economically-developed cities, including many mid-
sized cities, national governments play an important 
role in allocating sufficient financing and human and 
technical resources to local governments to support 
more sustainable long-term planning. In large part, 
these resources exist today, but are being used on 
more carbon-intensive and less sustainable city 
organisation and modes of transport (See Enabling 
condition 3 - Redirect international and national 
financing away from fossil fuels and towards more 
sustainable, low carbon transport options).
Training is also needed to build human resource 
capacity for this more integrated approach to plan-
ning mobility in metropolitan areas. Capacity de-
velopment activities for those working on urban 
and transport planning and economic development 
will be required and can support the use of existing 
tools, such as SUMPs.
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2. Revamping supply chains towards 
more local and circular production and 
consumption ecosystems
Freight accounts for an estimated 40% of emis-
sions from transport (2018) (SLOCAT, 2021), and 
current projections show global freight demand 
tripling by 2050 (ITF, 2019). With technological 
solutions such as zero-emission vessels, aircraft, 
and long-distance trucks still far from maturity, the 
revamping of global supply chains to support net 
zero development objectives must receive greater 
attention. This means moving towards a more 
local and circular production and consumption 
system -- from long and complex to shorter and 
simpler supply chains; the development of a less 
resource-intensive sharing economy combined with 
a reduce, reuse, and recycle production strategy; 
and focusing shipment and stock management 
strategies on ensuring efficiency by aggregating 
deliveries (which at times may require a delay 
in shipment times). This structural and systemic 
reorganisation could reduce unnecessary transport 
distances, facilitate the use of intermodal systems 
and shorter-haul electric trucks and cargo bikes in 
cities, and contribute to the transition towards a 
carbon neutral freight and logistics sector.
Companies, especially shippers and freight forward-
ers, are on the front line of this transformation. 
Momentum is growing, as 2020 saw increasing cor-
porate commitments to supply chain sustainability 
following growing public pressure for companies to 
demonstrate greater environmental stewardship 
and social responsibility (Bateman et al., 2021). For 
example, Unilever has set a target to achieve carbon 
neutrality by 2039, which includes reaching zero 
emissions from transport in their product supply 
chains (Unilever, 2021).
The COVID-19 pandemic has also reinforced the 
need to increase supply chain resiliency, highlighting 
a number of structural economic transformations, 
such as the relocation of essential manufacturing 
activities closer to markets, which could accelerate 
progress towards more long-term equitable and 
carbon neutral supply chains. However, in order for 
this transformation to occur at scale, it will need to 
involve the multitude of stakeholders who impact 
supply chains -- including producers, distributors, 
and consumers.

Ongoing challenges and proposed solutions:

2.a. Most companies do not have clear long-
term and systematic decarbonization strategies 
which look beyond improving business-as-usual 
operations.
Of the companies that have committed to carbon neu-
trality by mid-century, few have outlined the full set of 
structural and systemic transformations necessary to 
reach their vision. Most focus on improving the envi-
ronmental impact of current business-as-usual (BAU) 
operations while necessary structural transformations, 
such as the reorganisation of supply chains, receive less 
attention. However, carbon neutrality by mid-century 
is currently not achievable by simply improving BAU 
operations and shifting towards more local and circular 
production and consumption is one of the key compo-
nents of reducing global carbon emissions. This trans-
formation will require profound changes in companies’ 
business models, with significant impacts on their use 
of freight and logistics services.
Companies must therefore go beyond measuring and 
reporting CO2 emissions, and focus on developing 
comprehensive and systematic strategies to reori-
ent their business models towards carbon neutrality. 
Once companies have identified these strategies and 
pathways, it is important that they work closely with 
governments to ensure relevant policies and regula-
tions are aligned with the changes necessary to reach 
carbon neutrality (See Enabling condition 2 - Ensure the 
active engagement and effective cooperation of a broad 
range of stakeholders in transport decarbonization).

2.b. Most companies are not providing trans-
parent information on the carbon footprints of 
their supply chains.
The visibility and traceability of each component of a 
supply chain (from the procurement of raw materials, 
to where and how they are assembled, stocked, dis-
tributed, consumed, and disposed of) is essential for 
setting, implementing, and monitoring environmental 
and social goals. This information can help to identify 
the types of interventions and where along the supply 
chain they should be implemented in order to progress 
towards carbon neutrality.
Several companies have developed transparent and 
accessible tools to track the social and environmental 
impacts of the different components of their supply 
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chain. For example, for each of their products, Guerlain, 
a French cosmetics company, provides information on 
the location and environmental impact of the product’s 
raw materials, packaging, production, transport, points 
of sale and recycling (Bee Respect: Guerlain, n.d.). These 
types of tools help respond to a growing demand from 
consumers and shareholders for more information on 
the environmental footprint of products to help inform 
their purchasing and investment decisions. Companies 
should therefore strive to provide this information for 
each step of their supply chains, and include the car-
bon footprint (and ideally, how it was calculated) on 
product labels. This is a critical first step to help identify 
concrete actions and build momentum towards achiev-
ing carbon neutral supply chains.

2.c. Production and transport costs do not re-
flect social and environmental externalities.
Because the true environmental and social costs of the 
production and distribution of goods are not reflected 
in their prices at a global level, there has been a large 
outsourcing of production to countries with less stringent 
social and environmental regulations, leading to longer 
travel distances to distribute goods (with higher associated 
emissions), and making local markets less competitive.
Production costs are an important driver for site location 
and the reorganisation of supply chains, especially for la-
bour-intensive industries (Comerford and Spano, 2010) 
with limited margins. As companies have outsourced 
their production to countries with looser emissions con-
straints to reduce costs, this has led to carbon leakages 
and higher emissions along the supply chain. In order 
to implement more sustainable global development 
and ensure producer and consumer responsibility over 
the social and environmental impact of goods, coun-
tries or regions should consider developing importation 
tariffs and mechanisms which take into account these 
externalities and simultaneously support stronger stan-
dards in producing countries. For example, in efforts to 
avoid carbon leakages and take into account the full cli-
mate impact of goods, the European Union is current-
ly proposing a Carbon Border Adjustment Mechanism 
(CBAM). The CBAM could apply to imports of goods at 
the price of carbon determined by the EU Emission Trad-
ing System through the system of auctions. Importers 
would either be charged on the basis of a default value 
or based on the actual emissions embedded in the im-
ports (European Commission, 2020).

The cost of transport is another key driver in the or-
ganisation and operation of supply chains. Today, the 
price of transport does not reflect all of the social 
and environmental costs associated with its use, such 
as costs related to air pollution, crashes, GHG emis-
sions, etc. (See Enabling condition 3). This has led to 
issues such as the recent expediting of delivery times 
in many markets. Because the environmental costs as-
sociated with reducing shipment times are largely not 
reflected in prices, consumers have been demanding 
faster delivery times in recent years. In order to make 
deliveries more efficient from an environmental per-
spective, the true costs of expedited deliveries must 
be more properly reflected in the price of goods.

3. Transitioning from fossil-fuel powered to 
zero-emission road vehicles
The transport sector remains 97% powered by fossil 
fuels and is the least diversified of all energy end-
use sectors (IEA, 2018). Road transport is the biggest 
driver of global transport emissions, and is the most 
common mode of transport, fulfilling 78% of total 
transport demand (IEA, 2016). Within road transport, 
passenger vehicles account for approximately 60% of 
all energy consumption (2017) (IEA, 2021). The chal-
lenges of decarbonising road transport vary signifi-
cantly between countries and regions. For example, 
second-hand vehicles are often exported from the 
Global North to countries in Africa, Central Asia, and 
Latin America. These vehicles are usually less efficient, 
have lower emission standards and lead to higher lev-
els of pollution(UNEP, 2020). In North America and 
Europe, buyers’ preferences are moving towards larg-
er and larger vehicles, namely sport utility vehicles 
(SUVs), which were the second largest source of new 
CO2 emissions globally between 2010 and 2018, after 
the power industry (Cozzi and Pretropoulos, 2019). 
The transition towards zero-emission road vehicles is 
an essential element in reaching carbon neutrality in 
the transport sector by mid-century, and electric tech-
nologies are seen as playing a major role in supporting 
this transition. Advances in battery technologies are 
currently reshaping the landscape, as plunging battery 
prices are making electric vehicles more affordable for 
many users, especially in the Global South. Lithium-ion 
battery pack prices have decreased 36% over the last 
five years, reaching 137$/kWh on average in 2020 with 
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projections for further decreases to 62$/kWh by 2030 
(BloombergNEF, 2020). More-affordable batteries are 
facilitating the rapid scale-up of electric bicycles in Eu-
rope, North America, and South Asia, and of electric bus 
fleets in countries such as China, Chile, and Colombia. 
In addition, it is anticipated that internal combustion 
engine and battery-electric cars with approximately 
250 kilometres of autonomy could reach price parity 
by 2025 (Lutsey and Nicholas, 2019).
These developments have helped lead to a global 
movement to end the production of internal com-
bustion engines (ICEs). At least 19 countries, 11 cities 
and regions, and a number of automobile manufac-
turers have announced ICE phase-out commitments, 
with many targeting the year 2030 or 2035 (SLOCAT, 
2020). For example, in November 2020, the govern-
ment of the Canadian province of Québec announced 
plans to end the sale of new light-duty ICE vehicles 
by 2035 as part of its “2030 Plan for a Green Econ-
omy.” The plan states that by 2035, 100% of new 
motor vehicle sales will be electric (or another form 
of zero-emission vehicle), and the sale of new fossil 
fuel-powered vehicles will be prohibited (Wappelhort, 
2021). This year (2021), the automobile manufacturer 
General Motors also pledged to stop making gasoline- 
powered passenger cars, vans, and sport utility vehi-
cles by 2035. The company has committed to invest-
ing USD 27 billion in electric vehicles and associated 
products between 2020 and 2025, including refur-
bishing factories and investing in battery production. 
As part of its plan, General Motors will manufacture 
roughly 30 different types of electric vehicles, and 
by 2025, 40% of the company’s U.S. models will be 
battery-powered electric vehicles. It has also pledged 
to make its factories and other facilities carbon neutral 
by 2040 (Mufson, 2021).
On top of this technological progress, national fuel 
economy and emission standards for light- and 
heavy-duty vehicles have been increasing in numbers 
and ambition since 2015. For example, 30 countries 
have actively improved fuel economy-related policies 
since 2018, and nearly 80% of all light-duty vehicles 
sold as of 2017 are subject to such regulations (Yang 
and Bandivadekar, 2017; IEA, 2019). Local govern-
ments are also taking measures to restrict the use of 
cars in cities. Several cities have introduced low-emis-
sion zones (LEZs), which are specific areas within cities 
where access by some polluting vehicles is restricted 

or banned. LEZs have proven to reduce vehicle emis-
sions and yield measurable benefits in air quality. For 
example, in November 2018, Madrid, Spain implement-
ed a LEZ, and within a month of its launch it had led 
to a 38% decrease in nitrogen dioxide concentrations 
and a 14% decrease in CO2 emissions (Nelsen, 2019). 
The LEZ has also helped to avoid an estimated 3,000 
premature deaths annually (Porter, 2018). LEZs should 
be combined with relevant urban and land-use policies 
and offer a greater focus on shared fleets in order to 
avoid simply leading to cleaner congestion (See Trans-
formation 1: Re–developing metropolitan areas to be 
less car-dependent).

Ongoing challenges and proposed solutions:

3.a. Fuel economy and emission standards are 
still not ambitious enough to support the shift 
to zero-emission fleets.
While fuel economy and emissions standards for road 
vehicles are steadily improving, they are still not suf-
ficient to drive the level of innovation necessary to 
drastically decarbonise the sector. In many countries, 
standards only enable a reduction of fossil-fuel con-
sumption per vehicle, which is often offset by an overall 
increase in demand. Improved national fuel economy 
and emission standards for new vehicles are critical, and 
these regulations should be better aligned at the global 
level. Other policies can also support this shift, such as 
limiting imports of polluting second-hand vehicles to 
the Global South. This is seen in recent commitments 
from 18 countries in Africa, Asia, and Latin America 
(UNEP, 2020). Zimbabwe, for example, has recently 
banned the importation of vehicles more than ten years 
old (Xinhua, 2021).

3.b. The transition to zero-emission road ve-
hicles could be delayed if governments don’t 
provide targeted support to those most impact-
ed by the transition.
Strategies to transition to zero-emission fleets re-
quire the inclusion of all stakeholders central to the 
process, including the automobilie industry, service 
operators, and vehicle users. For example, depending 
on the relative importance and technological choices 
of the national automobile industry, the transition to 
electric vehicles could represent a direct threat to their 
current activities. National plans to support the de-
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velopment of electric vehicles and their components 
should therefore be developed in close cooperation 
with the automobile industry to identify effective reg-
ulatory and financial incentives to shift production.
Another example concerns the transition of paratran-
sit or “informal transport” fleets, including mini-buses 
and vans in rapidly urbanising cities throughout Africa, 
Asia and Latin America. Paratransit is a major glob-
al supplier of transport, but operations often rely on 
privately owned, second-hand vehicles for hire, which 
can result in highly-polluting and poorly maintained 
vehicles. Governments should work in cooperation 
with vehicle owners to establish adapted regulations 
and incentives to address the renewal of fleets while 
ensuring that these vital mobility services continue to 
be provided for a large segment of the global popula-
tion (SLOCAT, 2021).
Finally, citizens need transport to access essential 
goods, activities, and services, and in many coun-
tries, low-income households rely on the use of 
older fossil-fuel powered private vehicles. Pricing 
reforms and incentives to support citizens to tran-
sition to lower-emission vehicles must therefore be 
developed carefully, with a deep understanding of 
how these policies will affect different socio-eco-
nomic classes living in locations where collective 
transport may or may not be accessible. This will 
be essential to avoid mass social protests, such as 
those that occured in Ecuador in 2019, when the 
government attempted to quickly remove subsidies 
on fossil fuels (Monahan, 2019). One of the main 
challenges to pricing reform is ensuring that viable 
alternatives are in place which are financially ac-
cessible to citizens and companies. Countries must 
focus on developing these alternatives and structure 
stakeholder dialogues to identify the best solutions 
(See Enabling condition 2 – Ensure the active engage-
ment and effective cooperation of a broad range of 
stakeholders in transport decarbonization).

3.c. Technical challenges remain for the future 
of zero-emission long-distance trips.
Battery-electric vehicles using the most commercial-
ised lithium-ion battery technologies currently face 
limitations in terms of weight and battery capacity, 
and charging infrastructure is not yet well-developed 
in most countries. As a result, long-distance trips re-
main a technological challenge for electric vehicles.

Currently, the most popular alternatives to fossil fuel 
powered vehicles for long-distance trips are hybrid 
vehicles (gasoline and electric) or internal combus-
tion engines powered by liquid or gaseous biofuels. 
However, biofuel development is not a viable or sus-
tainable long-term solution for road transport, as it 
creates additional challenges and pressures on the 
agriculture, forestry, and land-use sectors, in direct 
competition with objectives to protect biodiversity 
and ensure global food security (Deprez et al., 2019). 
Other fuel technologies for long-distance use are 
under development in the first stages of commer-
cialisation, such as hydrogen-powered vehicles. The 
development of hydrogen production and distribu-
tion from non-fossil fuel energy, however, remains a 
key challenge which requires additional research and 
investment.
In addition to these “fuel shift” solutions, reducing the 
length of both freight and passenger trips and incen-
tivising modal shifts in long-distance travel towards 
shared and collective mobility and mass-freight will 
also be key to reaching zero emissions in the trans-
port sector.

4. Employing a multifaceted approach to 
reduce emissions from aviation
In the past decade, a surge in global demand for air 
travel and the rapid movement of goods has led to 
double-digit growth in aviation emissions (Topham, 
2019). Aviation currently emits an estimated one 1 
gigatonne of CO2 emissions annually, and is one of the 
fastest-growing and most difficult transport modes 
to decarbonise from a technological standpoint (IEA, 
2020). Implementation of effective strategies to re-
duce aviation emissions will therefore be critical to 
achieving zero emissions in the transport sector in 
the coming decades.
Some technological progress has been made to reduce 
energy consumption in aviation (IEA, 2020), but it has 
not been sufficient to counter an overall increase in 
demand. Challenges remain as advanced low-carbon 
fuel technologies are not yet mature enough to be 
developed at scale and alternative low-carbon en-
gine technologies for aircraft are complex and virtually 
nonexistent.
At the international level, targets were adopted in 
2009 by the International Air Transport Association 
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(IATA) - a trade association of the world’s airlines, 
to mitigate CO2 emissions from aviation including a 
cap on net CO2 emissions from 2020 (carbon-neu-
tral growth) and a reduction in net aviation CO2 
emissions of 50% by 2050, relative to 2005 levels 
(IATA, n.d.; A4A, 2021). In 2016, the International 
Civil Aviation Organization (ICAO), an intergovern-
mental organisation, adopted the Carbon Offsetting 
and Reduction Scheme for International Aviation 
(CORSIA) to support this target. CORSIA is a mar-
ket-based mechanism in which airlines will have to 
buy emissions reduction offsets from other sectors 
if they are not able to reduce their own emissions 
above 2020 levels (ICAO, 2021).
In addition, a number of major airlines have adopted 
new policies towards decarbonization in recent years 
for both national and international trips. For exam-
ple, in early 2020, US airline Delta committed USD 
1 billion over 10 years to mitigate emissions through 
strategies such as fleet renewal, biofuels and carbon 
offsets, although it later reduced its offset targets due 
to the impacts of the COVID-19 pandemic . Start-
ing in November 2019, UK carrier easyJet pledged to 
purchase carbon offsets to equal the fuel used on all 
flights in its network (Kollmeyer, 2019). The same year, 
Lufthansa and Swiss International Air Lines began of-
fering passengers the option to reduce their carbon 
footprints by selecting sustainable aviation fuel when 
booking flights (Holger, 2019).
However, it is important to note that there are signif-
icant risks associated with an over-reliance on carbon 
offsets in aviation decarbonization strategies. As car-
bon offsets do not amount to real emission reductions 
from aviation, relying on such mechanisms will not 
support reaching carbon neutrality by mid-century, as 
highlighted by many non-governmental organisations 
(Timperley, 2019). The potential environmental ben-
efits of offsets are limited and will not be sufficient 
if each sector depends on them to achieve carbon 
neutrality.
Civil society movements have also emerged in recent 
years as a reaction to the failure of current measures 
to achieve meaningful emission reductions. For exam-
ple, in Sweden, the “flygskam” (Swedish for “flight-
shame”) movement led to seven consecutive months 
of reductions in the number of air travel passengers, 
resulting in a 4% annual decreasein Swedish air travel 
in 2019 (Hervey-Bathurst, 2019).

Ongoing challenges and proposed solutions:

4.a. International transport emissions are not 
accounted for in national emission reporting, 
resulting in insufficient ambition to decarbonise 
aviation.
Although aviation emission reduction targets have been 
set at the international level, in order for meaningful 
progress to be made towards their achievement, gov-
ernments must adopt the same (or more ambitious) 
targets at the national level. This can serve to both raise 
global ambition to decarbonise aviation and ensure that 
policies and actions are being implemented at the na-
tional level that are consistent with global targets.
To help ensure that national governments are adopt-
ing ambitious aviation decarbonization targets, inter-
national aviation emissions should be calculated as 
part of countries’ national GHG inventories. For exam-
ple, in 2019, the United Kingdom decided to include 
international aviation emissions in their whole-econ-
omy net-zero target for 2050, which will help support 
the implementation of international targets through 
direct national actions (Lord Deben, 2019).

4.b. Current technical solutions are not suffi-
cient to keep up with growing demand.
The aviation sector faces several substantial tech-
nological barriers to decarbonization. First, the high 
initial investment costs for aircraft as well as their 
long life spans (roughly 40 years) pose significant chal-
lenges for fleet renewal. As electric mobility has lim-
ited potential in aviation except for light, small, and 
short-distance aircraft, most current developments 
and investments are related to biofuels, while existing 
engines continue to be powered by liquid fossil fuels. 
ICAO estimates that the need for liquid fuels could 
reach 400 million tonnes by 2050 (compared to 160 
million tonnes in 2015), if demand stays on its cur-
rent growth trajectory (ICAO, n.d.). In this scenario, 
sustainable aviation fuels (SAFs) will play an import-
ant role in meeting this demand for liquid fuels. SAFs 
should be made of advanced biofuels from agriculture 
and forestry residues, organic waste or non-food and 
non-feed energy crops to limit the impact on biodi-
versity and other essential land use for agriculture and 
human settlement (IRENA, 2016).
Growing demand for aviation will require unprece-
dented capital investments in advanced liquid biofuel 
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production infrastructure and could lead to consein-
creases continue to incentivise and accelerate invest-
ments in this area.
It is important to note that the advancement of the 
use of SAFs can reduce but not eliminate airline emis-
sions. Indeed, beyond the emissions emitted from SAF 
production, flying contributes to the radiative forcing 
of climate, and could therefore have a two to three 
times higher climate impact (Lee et al., 2009; Lee et 
al., 2021; Bannon, 2018; Ritchie, 2020).

4.c. Current incentives to manage aviation 
demand and support the shift towards alterna-
tive transport modes have not been sufficiently 
developed and integrated.
Managing demand for aviation is a crucial and un-
der-addressed topic. One way to help manage demand 
is by better integrating the socio-environmental costs 
of aviation into travel prices (See Enabling condition 
3). The challenge is to integrate these prices in a fair 
way which does not result in increasing inequalities.
Europe is leading the way in raising airline taxes to help 
manage demand. The EU’s Green Deal, for example, 
creates a set of coordinated airline taxes that signal 
clear incentives to avoid unequal application of tax 
policies across national and corporate borders and in 
2020, a consultation was launched to test the waters 
for a pan-European tax on jet fuel (European Commis-
sion, 2019; European Commission, 2002). Other pricing 
reforms have been taken in recent years. For example, in 
2020, France introduced an aviation “eco tax” ranging 
from EUR 1.50-18 (USD 1.8-22) per ticket (FCC Avia-
tion, 2019; Brandler, 2021). The parliament of Switzer-
land also approved a tax in 2020 on all departing flights, 
ranging from USD 33-133, depending on the class of 
travel and distance of the flight (Le News, 2020).
In addition, the development of transport alternatives 
for continental trips such as high-speed rail is necessary 
to shift demand and reduce emissions from aviation. 
Collaborative planning between aviation and rail sys-
tems (including high-speed and overnight rail services) 
can help drive the use of these more energy-efficient 
modes for shorter trips and help meet greenhouse gas 
reduction targets. For example, in 2020, Sweden pro-
posed launching sleeper train services to Belgium and 
Germany to reduce dependence on aviation and min-
imise travel impacts (Duxbury, 2020), and in France, 
revenues from the country’s eco-tax on flights will be 

spent on boosting domestic train services. Additional 
investments in rail infrastructure coupled with incen-
tives to shift demand from short- and medium-haul 
aviation activity are still widely needed.

ENABLING CONDITIONS FOR THE 
TRANSFORMATION TOWARDS 
ZERO-EMISSION TRANSPORT

To enable the comprehensive and structural changes 
required to transform the transport sector and put it 
on a pathway towards carbon neutrality, the overall ap-
proach to decarbonization will need to be more focused 
on understanding and influencing transport demand, 
finding effective ways to involve the broad range of 
stakeholders who influence travel behaviour and poli-
cies, and redirecting financing away from fossil fuels and 
towards more sustainable, low carbon options.

Enabling condition 1 - Adopt a comprehensive 
and long-term strategy towards transport 
decarbonization which includes a focus on the 
underlying drivers of transport demand
Transport decarbonization measures are often cate-
gorised into three different types: avoid (avoiding and 
reducing unnecessary transport demand), shift (shifting 
to less carbon-intensive transport modes) and improve 
(improving vehicle and fuel efficiency) (GIZ, 2019).
The current discourse on transport decarbonization fo-
cuses largely on improve measures, such as improving 
fuel economy and electrifying vehicles. This is apparent 
in the transport content of countries’ Nationally De-
termined Contributions (NDCs). Most countries focus 
strongly on improve measures (52% of all measures), 
with shift and avoid measures account for 38% and 
10% of all transport measures in NDCs (SLOCAT, 2020).
While improve measures are an important compo-
nent of transport decarbonization, they are simply not 
sufficient to reach the goals of the Paris Agreement 
or 2030 Agenda for Sustainable Development. This 
reveals that countries need to develop more com-
prehensive and long-term strategies (LTS) by 2050 
to ensure that short-term actions and NDC objectives 
are consistent with reaching carbon neutrality and 
socio-economic development goals by mid-century. 
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Such approaches will therefore facilitate the integra-
tion of more long-term and systemic avoid and shift 
measures, which could contribute to 40-60% reduc-
tions in total transport emissions (Bergk et al., 2016).
To make more progress on avoid and shift measures, it 
is important for policymakers to understand that the 
demand for transport is a derived demand, meaning 
that people and companies use transport in order to 
access other goods, services or markets - and don’t 
use transport services for their own sake. This under-
standing highlights the importance of a number of 
decisions and underlying determinants that influence 
transport demand, but which are not often considered 
within the scope of transport planning. These include 
supply chain and service models, socio-economic 
characteristics of households, urban and rural land 
use and development patterns, internet access, pricing 
and other fiscal decisions for example, that can all 
have a substantial impact on transport demand and 
behaviour, and consequently on modal choices and 
technology uptake (Briand et al., 2018). For example, 
if a government is trying to implement a modal shift 
from private car use to public transport, the strategy 
should not rely only on infrastructure and service de-
velopment. It should also integrate targeted actions 
aimed towards specific household categories, distin-
guished by income or location, and specific types of 
trips, distinguished by purpose, distance or time.
To accelerate progress, transport decarbonization 
strategies should therefore adopt comprehensive and 
long-term perspectives to go beyond improve mea-
sures and focus more on avoid and shift measures 
which consider on the above determinants of travel 
demand and behavior (Briand and Waisman, 2019).

Enabling condition 2 – Ensure the active 
engagement and effective cooperation of 
a broad range of stakeholders in transport 
decarbonization
First, there is a clear need to reinforce the high-level 
political engagement of governments towards trans-
port decarbonization. The design and implementa-
tion of the comprehensive policy packages needed for 
transport deep decarbonization requires strengthening 
the coordination between environment and transport 
ministries, which still often work in silos at the nation-
al level. Also, the enhancement of international coop-

eration on transport decarbonization requires stronger 
engagement of transport ministers in international 
climate processes. This would facilitate the sharing of 
best practives, the pooling of resources to accelerate 
innovation and the alignement of actions by different 
countries, which are all widely acknowledged as key 
enablers for ambitious climate action. 
However, the transformation of transport is not lim-
ited to the actions of ministries and must include the 
participation of a large number of stakeholders from 
different sectors and segments of society -- far beyond 
the governments, planners, engineers, and companies 
who are traditionally seen as having the largest impact 
on transport. For example, as mentioned in Enabling 
condition 1, mobility patterns, which are key drivers 
of transport emissions, depend largely on the spatial 
organisation of human activities, which in turn result 
from decisions of multiple actors, including employ-
ers, schools, retailers, local businesses, entertainment 
venues, and medical facilities (among many others).
Therefore, at the national level, those leading trans-
port decarbonization efforts should review the struc-
ture of decision-making processes to ensure that 
the active engagement and effective cooperation 
of this diverse set of stakeholders. In parallel, at 
the global level, multi-stakeholder, which bring 
together national transport and climate ministers, 
international companies, scientists, and non-gov-
ernmental organisations, among others, should be 
further developed to better align actions towards 
transport decarbonization. Some initiatives, such as 
the Transport Decarbonization Alliance (TDA), which 
brings together cities, countries, and companies 
working to achieve a net-zero emission mobility 
system by 2050, are helping to build capacity by 
sharing best practices and cooperation by develop-
ing articulated action plans. More initiatives like this 
will be needed to help accelerate action.

Enabling condition 3 – Redirect international 
and national financing away from fossil fuels 
and towards more sustainable, low carbon 
transport
Achieving low carbon transport pathways will require 
substantial investments on the order of USD 2.7 tril-
lion per year through 2030, with 60-70% of these 
investments in emerging economies (OECD, 2017).
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These resources already exist today but are neither 
distributed fairly among countries nor directed 
towards sectoral transformations compatible with 
carbon neutrality. For example, two-thirds of infra-
structure investments from the 50 largest economies 
(USD 586 billion) went to support road transport 
infrastructure, such as highways, in 2015 (Oxford 
Economics, 2017). While the development of high-
way infrastructure is not necessarily incompatible 
with achieving carbon neutrality, most of these 
investments are not being made as part of com-
prehensive strategies to reduce transport emissions, 
and are in fact leading to increases in emissions. 
COVID-19 recovery spending is also not supporting 
decarbonization of the sector. Only around a third 
of all transport investments in COVID-19 recovery 
packages are going to support clean transport, with 
the majority going to fossil fuel-focused investments 
(Climate Action Tracker, 2020).
In addition, current economic incentives, such as fossil 
fuel subsidies, since the Paris Agreement was adopt-
ed in 2015, G20 member countries have spent more 
than USD 3.3 trillion in subsidies for coal, oil, gas, and 
fossil-fuel power (BloombergNEF, 2021). With more 
efficient fuel prices, the IMF estimates that 28% of 
global CO2 emissions and 46% of air pollution deaths 
could be avoided annually, increasing tax revenues by 
3.8% and adding economic benefits worth 1.7% of 
global GDP (Coady et al., 2019).
The use of fossil fuel-powered road vehicles, for exam-
ple, requires significant infrastructure investments and 
results in road crashes, air pollution, and congestion, 
which costs society billions of dollars. In the European 
Union, for example, it is estimated that private road 
freight operators only pay for 26% of the total costs 
associated with their operation (Schroten et al., 2019). 
Efforts should therefore be made to better integrate 
the cost of these externalities in user fees, this could 
be done using measures such as road tolls, parking 
fees, and congestion pricing. For example, the Lon-
don congestion charge discourages some drivers from 
entering London - but the massive revenue stream it 
has generated has enabled the transformation of pub-
lic transport services and urban space for the benefit 
of all (C40 Cities Climate Leadership Group, 2019). 
These types of measures will be critical to redirecting 
investments towards more sustainable, low carbon 
transport.

With such large investment needs, national and inter-
national transport stakeholders should work together 
to better align financial flows with actions and in-
vestments identified in long-term low-emission and 
resilient development pathways (OECD et al., 2018). 
Such pathways could be a useful tool to structure 
intersectoral dialogues around transport decarbon-
ization (Waisman et al., 2021). For example, at the 
international level, climate and transport dialogues 
(as discussed in Enabling condition 2) could focus on 
the development of international and regional trans-
port pathways compatible with carbon neutrality, with 
the aim of redirecting international financial flows to-
wards the achievement of these pathways.
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