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State of EU progress to climate neutrality

Executive
Summary

The EU wants to become a climate
neutral economy by 2050. Achieving
this goal requires transforming the way
we produce, consume, move, and eat.

The EU wants to become a climate neutral economy by 2050.
Achieving this goal requires transforming the way we produce,
consume, move, and eat. EU institutions have already put
in place many measures to guide and support governments,
businesses, and citizens in this transition. To be effective,
policy-makers must now understand how, and at what pace,
these measures are translating into changes in the real world.
The European Climate Neutrality Observatory (ECNO) flagship
report is the first ever assessment to provide this information

at an economy-wide level.

LEHEO®ODOREOO®&®E®

ECNQO's assessment looks across
thirteen building blocks of a climate
neutral future.

Within each of these, the assessment identifies enabling
conditions for the change needed, which are then measured
using 104 indicators for progress achieved thus far. The
approach is designed to accompany the implementation
of the European Green Deal. Because of the delay in data
availability, this first assessment considers mostly data from
the 2015-2021 period, at a moment when the European Green
Deal was in its infancy. Green Deal policies are factored in

where possible, and will shape future developments in each
building block.
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Key Insights

The EU is moving in the right direction, but still too slowly

The progress assessment shows that
ﬂ the EU has, over the period analysed,

moved in the right direction, but needs
to significantly pick up the pace of change
to be on an effective path towards climate
neutrality by 2050. This overall promising
orientation was the case for all building

blocks except for finance and carbon dioxide
removals. A look at the additional policies
adopted under the European Green Deal in
the past two years indicates that the EU is T o e e I
taking steps to accelerate progress in most 2 results to inform decision-makers

areas. This already shows in the governance Saent smEes O rEedl oF cleser

system for climate policy that is assessed as
being ‘on track’

attention. Further targeted action is
most needed where objectives and key
underlying enablers have been progressing
‘far too slowly’, or — as in some instances
— have moved in the wrong direction.
Enabling conditions are critical areas for
investigation as they unlock essential
transitions. Inadequate pace on enablers
carries significant risk to the EU’s ability to
meet its target.

Action is most needed
where objectives and key
underlying enablers have

been progressing far too
slowly or not at all
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State of EU progress to climate neutrality

A specific concern is the state of
3 finance for transition in the EU.

Counter-productive economic
incentives remain in place, with
some of them worsening in 2021 and
2022. Furthermore, the EU economy
consistently puts too little public and
private capital into climate investments,
while still over-investing in fossil fuels.
This endangers the transition at large

as today’s climate investments enable

tomorrow’s emissions reduction.

crucial element of climate governance
and the efficient allocation of capital
by public and private economic actors. This

. . . needs adequate, reliable data and official
S Ig a IﬁCO Al 9O pS i benchmarks. The assessment however reveals

dota and ambition that significant gaps in data and ambition

setti Nng rema N setting remain. Without a solid information
base and framework for assessment, decisive
barriers or lack of progress may go unnoticed.

é]l Transparency on past progress is a

designed to reveal detailed real-
world developments to inform
targeted policy action. Going forward, EU Uup an OfﬁCiOL up to dote,

institutions should set up an official, up open-source monitoring

5 Current EU progress tracking is not

EU institutions should set

to date, granular, open-source monitoring
system that is sufficiently granular to fulfil
this function. The tracking system needs
to be updated regularly, based on recent
modelling of reliable pathways to 2050,
and integrated with existing EU planning
and monitoring systems. For full effect, EU
decision makers should consider integrating
into the EU Climate Law a dedicated
action trigger based on the results of the

system

assessments, akin to existing processes
under the European Semester.
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State of EU progress to climate neutrality

Effective EU
policymaking towards
climate neutrality needs
detailed information

The transition to climate neutrality is
essential for ensuring a liveable future.

It requires the modernisation of many existing structures
and practices - from the way we move, to how our food
is produced, and how we warm and cool; from what our
buildings are made of, to how our cities are organised. All
these building blocks must transform so that we fulfil our
needs while releasing net zero or net negative greenhouse
gas (GHG) emissions into the atmosphere.

o /, Achieving climate neutrality by 2050
at the latest is further the cornerstone
of the European Union's (EVU) strategic

) vision and of its commitment under

the Paris Agreement.

- Getting there will need coordinated action based on long-term
planning, effective monitoring, and targeted policyinterventions.
- The EU Climate Law responds to this by demanding regular
- checks of EU Member States’ collective progress towards the
climate neutrality goal. The first of these progress assessments
~ is due by 30 September 2023, and is to be repeated every five
) years. However, the official existing monitoring system does
not contain the information needed to understand if sufficient
progress is happening in the structural changes that need to

occur beneath the overall emissions curve.
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An in-depth, indicat

understanding of real-world

change

ECNO seeks to strengthen the EU's official
processes and contribute to e
policy-making.

A total of 104 indicators were identified to
measure past progress over a set period (using
data mainly from 2015-2021). Data trends are
combined with an expert assessment of up-to-
date developments in EU policy, to arrive at a
robust progress assessment for each building
block. To be consistent with EU planning and
monitoring, progress is measured against the
EU’s own vision for a climate neutral future,
formed from official EU documents and the

targets and benchmarks indicated therein.
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or-based

vidence-baosed

ECNO’s first-of-its-kind assessment of EU progress
towards climate neutrality by 2050 takes an in-depth
look at state of the changes that need to occur across
13 building blocks essential to a climate neutral future.
The assessment presents objectives for each of these
blocks and identifies key enablers to realise them. It
then measures progress for both the objectives and
their enablers. This approach is different from traditional
monitoring practices, which tend to focus on headline
targets only and miss out on more granular developments
in the enabling conditions for the transition. Observing the
development of enablers provides insights on the current
trend of the transition in a given sector or policy field,
and an indication of how progress on the objectives may
continue in the future.

Indicator ) Assessed

Historic e
Data

| sz

A\
2 a2
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Thirteen building
blocks of a climate
neutral future

The 13 building blocks used for this assessment
combine classic economic sectors with cross-cutting
policy areas that all have a bearing on the EU’s ability
to achieve climate neutrality. The sectoral building
blocks include mobility, industry, buildings and the
agrifood system, with electricity as a key driver for
the transition at large. The need for carbon dioxide
removal to compensate for residual greenhouse gas
(GHG) emissions is also considered.

European Climate
Neutrality Observatory

@ eCNo

The cross-cutting building blocks strongly influence
sectoral developments and support their GHG
emission reductions. Finance, clean technology, and
lifestyles underpin the necessary changes in the
sectors, while governance covers the overarching
decision-making framework for climate policy.
Just and inclusive transition measures are key to
manage the impact on EU regions and citizens. The
EU’s responsibility to respond to climate change
impacts and counteract vulnerabilities of its citizens
is covered under adaptation, and the final cross-
cutting building block assesses the consistency of
EU external action with climate neutrality.

CROSS-CUTTING

GOVERNANCE

SECTORAL

ELECTRICITY

' BUILDING BLOCKS FOR

JUST TRANSITION

BUILDINGS

©

CLEAN TECH

AGRIFOOD

EXTERNAL ACTION

Figure 1:
Building blocks for

CLIMATE NEUTRALITY

CARBON DIOXIDE
REMOVAL

LIFESTYLES

>

INDUSTRY

ADAPTATION

the transition to climate neutrality
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Results: Positive signals

and urgent areas for
policy intervention

As the EU finalises the legislation
related to the European Green
Deal, the analysis across 13
building blocks reveals strengths
ond weaoknesses in the EU's
progress towards climate
neutrality.

Some of these insights can serve as inspiration
and a source for optimism that policies are already
working, while others are cause for concern and
point to the need for stronger, targeted action.
An overview of progress can be found in Figure
2. Detailed analysis and interpretation for each
building block can be found in Chapter 4 of the full
report. The top line insights are as follows:

The assessment shows that the EU has,
ﬁ] over the period analysed, moved in the
right direction, but needs to significantly
speed up its actions to be on an effective path

towards climate neutrality by 2050.

At the outset of European Green
2 Deal implementation, only one

of the building blocks showed
developments at a pace that puts it ‘on
track’ The observed trend for three of 13
building blocks was ‘too slow’ and in seven
‘far too slow’ when compared to what EU
documents set out as is required to be on
a path to climate neutrality by 2050 at the
latest. In two areas, developments were
moving in the ‘wrong direction’.
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State of EU progress to climate neutrality

Progress within the sectors revealed
3 a broad spectrum. Electricity was

almost ‘on track, but the share
of renewable energy and level of system
integration was building up too slowly to
cater for future needs in a timely manner,
particularly as electrification progresses in
other sectors. In mobility, industry, buildings,
and agrifood, progress was found to be ‘far
too slow’ over the assessed period, requiring
a clear acceleration of change under Green
Deal policies to put the EU on a path to
climate neutrality. Carbon dioxide removal
was moving in the ‘wrong direction’ primarily
due to shrinking natural sinks.

The cross-sectoral building blocks
é]:l also varied in their progress:

governance was assessed as being

‘on track’ while just and inclusive
transition, clean technology, lifestyles,
and external action were found to be
heading in the right direction but too
slowly — particularly the latter two areas
need to significantly speed up. Progress on
adaptation was on the tip of going in the
wrong direction and finance was clearly off
track. Adequate financing is of particular
concern considering the lack of climate
investments and the increase in fossil
fuel subsidies, that can negatively affect
the transition in all sectors, slowing down
progress if this remains unaddressed.
The result for governance is, however,
a promising signal. It indicates that an
increasingly robust framework is being
put in place to facilitate adequate actions
in sectors and cross-cutting building
blocks alike.
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Figure 2: Progress across the building blocks for

reaching climate neutrality
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A likely speed boost from
recent policy changes

The findings, largely derived from data for 2015-2021 and up-to-
date qualitative information, need to be understood in the context
of a rapidly developing landscape of EU climate policy. The European
Green Deal and the subsequent ‘Fit for 55’ package of measures
include expanded and additional policies that are and will continue
to provide further guidance and levers to steer the building blocks in
the right direction. This wealth of new policy initiatives at EU level for
climate neutrality and for greater energy independence are signs that
EU institutions are engaging with several of the necessary sectoral
transitions. When deciding progress classifications for the building
blocks for this report, the respective expert authors accounted for
some of these recent political developments, thus supplementing
the analysis of indicator values. Going forward, the indicator values
themselves will show a changing reality if the policies have been
designed effectively and if their implementation is sound and timely.
Future reiterations of the assessment will be able to analyse such
effects or the lack thereof.

The taosk is now for policy-makers
to consider where the results of the
assessment identify areas of inadequate
progress that are not already addressed
by recent policy changes, and therefore
require additional targeted action.

Reform of the EU
emissions trading

system explained contribute to

’ are !
Which sectors utrality?
currently coveré Y

W\ C\‘a\'\ The EU’s emissions trading system ) W
WA 2 (EU ETS) is one of the world’s largest N EENe )
\Nhat he \'eiom‘\ carbon markets and the EU’s key ‘ EEEEEEH =1=15]
\N'\tht tool for reducing greenhouse gas EEEL'EDE =]=]
emissions. CEEmE - =]
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Looking forward:
Recommendations
for policy-makers

The assessment underscores that to navigate this
decisive decade for climate action, EU policy-
makers urgently need a tracking system that is
capable of indicating clearly and comprehensively
where progress is sufficient, where it is not fast
enough, or where it is even going in the wrong
direction. Such insights will be key to formulating
corrective policies or revising existing policies to
align better with a path to climate neutrality — as
well as identifying and removing of policies that set
the wrong incentives.

These considerations

European Climate
Neutrality Observatory

@ ecCNO

The assessment found that, in principle, the EU already
has a governance system in place that is correctly
designed for the transition to climate neutrality. Yet,
it needs to continue evolving and above all, needs
to be implemented adequately. Article 61 of the EU
Climate Law obliges the European Commission to
assess progress towards climate neutrality, the lack
of a sufficiently granular monitoring framework is an
obvious blind spot. ECNO has been set up to fulfil
this function in the absence of EU institutions doing
it as comprehensively as needed; ultimately however,
it is decision-makers who need to own this process.

The assessment has also revealed that presently,
data to measure progress on important objectives
and enablers is missing and that existing targets and
benchmarks are often out-of-date. Such data gaps
lower the accuracy of any progress assessment and
leave policy-makers with blind spots that undermine
their ability to make the right decisions.

lead to the

following set of recommendations for

EU institutions:

D

Take action

on the areas where the assessment shows

particularly concerning developments,

meaning where certain objectives and

particularly crucial enablers of change were
found to be going in the wrong direction.

This concerns finance and carbon dioxide
removals overall, but also specific enablers
within other building blocks, such as shifting
livestock production towards a more
sustainable model, a modal shift in passenger
and freight transport, or adaptation to climate

impacts in agriculture and forestry.

Set up an official
monitoring system

designed to inform policy-making, based
on a comprehensive set of indicators,
which looks at the structural changes
under the emissions curve and their
enabling conditions.
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Integrate and align the
monitoring system with
other EU tracking systems

(e.g., 8th Environmental Action Programme,

EU Semester, etc.) to reduce administrative

effort and inform multiple processes in a

coherent manner, including national-level RQQUIQfIg Udete

planning and reporting. both the underlying pathways and the
progress assessment - at least every

two years.

|

[

;

£

Bt

- I
T

b

Close data gaps 7

via new reporting obligations v//(//

adjusted data collection routines. / el
Involve expert
stakeholders

from Member States, civil society,
business, and academia in the development
of the system in a transparent and open
fashion to enhance support and facilitate

its application.

Design an action trigger
mechanism

possibly akin to the Alert Mechanism
Report under the European Semester, to
verify the seriousness of an observed lack
of progress and ensure targeted policy
interventions are put forward if needed.
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There is o window of opportunity to
implement these recommendations for
o better official EU monitoring system
through the upcoming reviews of the
Governance Regulation and the EU Climate
Low in 2024. But there is no need to wait.
Under the existing obligation for a progress
assessment, the European Commission can
already kickstart the process.

With this first in-depth assessment report, the ECNO wants to
inform a broader dialogue on how the EU can best track progress
and to highlight areas for priority action based on its findings. ECNO
welcomes feedback and exchange with all interested parties on both
the methodology and results of this exercise. ECNO intends to repeat
this assessment on an annual basis and seeks to progressively expand
its understanding and refine the underlying approach to further
improve the insights for policymakers.

If you have any questions or comments, please contact the ECNO team:

info@climateobservatory.eu
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1. Introduction

1.1 Monitoring progress is essential for
effective climate policy

The global transition to climate neutrality is essential for ensuring a liveable future. This
unprecedented project for humanity comes with changes to many of the essential structures
and practices in our economies and societies. From the way we move to how our food is
produced and how we keep warm (and cool); from what our buildings are made of, to how our
cities are organised — all these building blocks must transform, so that we are fulfilling our
needs with net zero or net negative greenhouse gas (GHG) emissions released to the
atmosphere.

A strategic long-term vision informs EU climate policy and its
targets

Achieving climate neutrality by 2050 at the latest is also the cornerstone of the European
Union’s (EU) economic strategy, the EU Green Deal. The EU has set itself this objective as its
contribution to the landmark international agreement to stop the climate crisis, the Paris
Agreement, which entered into force in 2016. Realising this whole economy transition now
requires coordinated actions based on long-term planning, effective monitoring, and targeted
policy adjustments.

As a first essential step, the EU published its long-term strategy (EU LTS) in late 2018, detailing
how it plans to tackle this mammoth task (EC, 2023p). The analysis underpinning this goal and
the EU’s strategy was updated in 2020 with the EU 2030 Climate Target Plan (EC, 2020f). This
plan highlighted that higher emission reductions are relevant and cost-effective already by 2030,
following which the EU increased its 2030 climate target to -55% net GHG emissions compared
to 1990. Since 2021, climate neutrality is enshrined as legally binding in the EU Climate Law.
Enshrining this overarching goal in framework legislation is key to mainstreaming the goal across

EU policy areas. An all-of-government approach is fundamental to making good policy decisions
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and ensuring that the implications of a climate neutral society are integrated into all relevant

initiatives and laws.

These essential foundations for EU Green Deal implementation come just at the right time. The

latest reports by the Intergovernmental Panel on Climate Change (IPCC, 2023) indicate clearly

that to keep the Paris Agreement goal of limiting global temperature change to 1.5° degrees

within reach, the 2020s are the crucial decade to trigger the global transition to climate

neutrality.

The EU Green Deal must bend the emissions curve

A bird’s eye view of the observed change in overall net CGHG emissions over the past five years

of data offers a clear message: While emissions in Europe have continued to go down, a faster

rate of reduction is required to meet both the 2030 target and climate neutrality by 2050.

Between 2016 and 2021, the EU
achieved an annual net emission
reduction of 98 Mt of carbon
dioxide equivalents (CO€e) or -
30% in 2021 compared to 1990
(EEA, 2023b). To be on a linear
path to the 2030 target, net
annual emission reductions must
increase by roughly a third to

132 Mt CO.e starting from the
last datapoint in 2021. There will
also be a likely need to
compensate for a slight emission
increase in 2022 (EEA, 2022f;
Eurostat, 2022i) as a result of the
energy crisis spurred by Russia’s
war against Ukraine. EU Green

Deal policies have been designed

Figure 1: Annual change in net GHG emission reductions must

increase to reach 2030 target
Total Net GHG Emissions [MtCO2e]
5k
4k
3k >
2k

1k

1990 2000 2010 2020 2030 2040

=@~ Historical -@- Benchmark

Trend slope: -97.7 Mt€O2e fyr Benchmark slope: -132.3 MtCO2e fyr

Source: own presentation based on EEA (2023b)

to bend the emissions curve and must now be closely monitored for their impact.

2050
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Policy makers need to look ‘beneath the emissions curve’ for
targeted changes

Overarching trends for GHG emissions only provide a superficial sense of progress. Knowing
whether the EU is on the right course requires substantially more information than is currently
available from existing monitoring tools. A comprehensive picture needs to consider how all
the building blocks of society fit together and whether the critical underlying structural

changes are underway that will form a climate neutral economy in the future.

Only through comprehensive monitoring with a structured, sufficiently detailed, and manageable
set of indicators can policy-makers begin to understand what is happening ‘under the hood’ of
the EU economy and be sure that the EU gets — and remains — on a pathway towards climate
neutrality by 2050. Such an indicator set needs both historical data as well as clear benchmarks
to measure developments against.

The EU does not yet have an adequate climate neutrality
nmonitoring system in place

In acknowledgment of these challenges, the EU Climate Law has thrown legal force behind the
EU climate neutrality goal and requires regular checks of EU Member States’ collective progress.
The European Commission’s (EC) first climate neutrality progress assessment is due by 30
September 2023 and must be repeated every five years. The law does not prescribe any specific
procedural steps or a clear methodology, other than the use of a linear trajectory towards 2050
as a yardstick. And the existing climate policy monitoring system focuses on the headline

targets, not the changes underpinning them.

While the EU Climate Law is a sign that the EU is serious about climate neutrality, the strength
of the new progress assessment, not to mention its ability to align policies with a climate
neutral future, remain to be seen. And regardless of its quality, having results from the next
assessment available only in five years is evidently too late to contribute to policy-making under
the next EC and European Parliament (EP). It is too late in this crucial decade for action as

choices made today will put us on - or take us off — the path to climate neutrality.

1.2 ECNQO’s Mission

This is where the European Climate Neutrality Observatory (ECNO) comes in. ECNO is a new
initiative spearheaded by a consortium of research organisations, and in its inception funded by

the European Climate Foundation (ECF). It aims to help ensure the EU achieves its climate goals,
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and most importantly the long-term climate neutrality target, by providing scientifically rigorous
analysis of economy-wide on-the-ground progress and an independent check of the EU climate
policy processes that drive it.

As an independent observatory, ECNO seeks to inspire the uptake of better monitoring
practices and policy-making as the EU moves into the critical era of implementation and

create greater transparency on the EU’s path to climate neutrality.

1.3 QObjective of this report

This report aims to tell a comprehensive story of EU progress towards climate neutrality. It is
based on a set of indicators that span thirteen building blocks of a climate neutral future,
presenting a unique and up-to-date picture of current progress.

As the EU Green Deal moves into implementation, this report seeks to highlight where the EU is
on a pathway towards climate neutrality and where accelerated action is most urgently needed
to get on track. To be consistent with EU planning and monitoring, progress is measured against
the EU’s own vision for a climate neutral future: one that is formed from EU targets and
benchmarks taken from official EU documents. The analysis does not define its own objectives
or benchmarks to measure progress — nor does it assess whether the existing EU targets and
pathways are compatible with the Paris Agreement and the target to limit temperature increase
to 1.5°C over pre-industrial levels.

The ECNO approach focuses on the underlying enablers of change, not only specific objectives
or ‘headline’ indicators used traditionally to measure progress on climate action. By investigating
enablers, the report can show if the necessary structural changes are occurring at a sufficient
speed, which in turn provides an early indication of the adequacy of ongoing developments that
will drive future emission reductions. This analytical framework offers an unparalleled
perspective on the EU’s current standing and prospects.

As European institutions embark on their own progress assessments, the report highlights
where critical data gaps exist — in terms of historical data but also in terms of the long-term
vision, which provides insights into the magnitude of required changes.

This report is the first assessment of its kind, and as such provides a foundation for further
work. In addition to providing insights on state of progress, it identifies issues to be addressed to
deliver more refined and granular assessments in the future, in support of more effective and

efficient policy-making.



S\@CNO

European Climate
Neutrality Observatory

1.4 Research approach

ECNO uses an indicator-based framework that tracks progress in economic sectors and cross-
cutting policy areas, i.e., the ‘building blocks’ of a climate neutral future. The selection builds on
the typical sectoral split, which is also used in GHG inventories, and adds cross-cutting themes
that have an impact on the emitting sectors, like finance, governance, and lifestyles. These
building blocks or some constellation thereof are commonly found in EU Member States’ long-
term strategies and are often referred to in the climate policy literature (EC, 2018c, 2020f; IPCC,
2018a; Pestiaux et al., 2018; Velten et al., 2022; Tsiropoulos et al., 2020). Monitoring activities at
global as well as national level also use similar approaches (e.g., Schumer et al., 2022; UKCCC,
2022).

Figure 2: Building blocks for the transition to climate neutrality
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Within each building block the authors have
defined objectives and enablers. Objectives
outline what the building block must achieve to
support the overall climate neutrality goal,
while enablers are the supporting conditions
needed to meet the objectives in each building
block. Enablers thus reflect on the drivers of
and barriers to decarbonisation and, as such,
can provide an early sense of progress — or lack
thereof.

The assessment of progress for each building
block towards its objectives and enablers is
based on dedicated indicators. The selected
indicators describe specific aspects of the
objectives and enablers and provide a view on
past changes in the context of the required

future changes.

Box 1: What is an enabler?

The ECNO analytical framework
defines enablers as the underlying
real-world or structural preconditions
that support each building block in
realising its objectives en route to
climate neutrality. Enablers tend to
function in one of three ways:

(1) removing climate-damaging
activities such as excessive fertiliser
use (agrifood); (2) shifting attitudes,
consumption patterns, or business
practices like the uptake of zero
emission and low carbon transport
(mobility); or (3) improving existing
systems, such as adopting robust
institutional arrangements to ensure
coherent policy-making (governance).

Figure 3: Selecting indicators based on building block objectives and enablers

Source: ©ECNO based on previous work by Velten et al. (2021)

European Climate
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While data on headline indicators, such as GHG emissions or renewable energy shares, are
readily accessible, limited and less regular or continuous information is collected for the
structural changes that enable the transition. A significant challenge to an assessment of
detailed progress is therefore the availability of data. In order not to restrict the selection of
relevant indicators due to data limitations, the assessment also incorporates indicators that lack
a comprehensive dataset. Where this limits the interpretation of results, the report highlights
critical information gaps. The report further reflects on these constraints in its conclusions (see
Chapter 3).

Importantly, ECNO checks past progress against the EU’s own vision of climate neutrality
formed from official EU targets and benchmarks derived from EU strategic planning documents.
This includes the underlying impact assessments of the EU 2030 Climate Target Plan and the EU
LTS as well as EU Directives and Regulations.

The progress check compares the absolute annual change of the past development with the
required annual change to meet the future benchmark starting with the last data point of the
trendline and drawing a straight line to the benchmark. The ratio between these two values
indicates the required change in the pace of development (a similar method is used by Schumer
et al,, 2022). If no quantified future benchmark can be derived from EU sources, the analysis
relies on qualitative insights from official EU documents as well as on external scientific
literature outlining the desired direction and speed of change (see Figure 4). For more detail,

please see a description of methodology on the ECNO website.

Figure 4: Progress check for indicators with and without a benchmark
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Source: ©ECNO based on e.g., Schumer et al. (2022) and Eurostat (2014). Please note that classification for indicators
without a benchmark can deviate from the given ranges to reflect on the characteristics of an indicator.
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To ease the communication of results, progress for each indicator is classified along a four-
degree scale: ‘on track’, too slow’, ‘far too slow’, and ‘wrong direction’; ‘insufficient data’
indicates data availability limitations (see Table 1). For indicators with a defined benchmark the
classification is based on the ratio of the required change to the past observed change. A
different approach based on the desired direction and speed of change using pre-defined ranges
is used for indicators without a benchmark (similar to the approach taken by Eurostat, 2014).
However, this approach for indicators without a benchmark has its limitations due to the
characteristics of different indicators. Therefore, the analysis also considers non-official EU
benchmarks and expert judgement to put past development into perspective.

The same classification is used to describe the overall progress for each climate neutrality
building block. Largely, their classification is based on the progress of the underlying indicators,
but it does not follow a mathematical formula. It is an expert judgement informed by a nuanced
reflection on the indicator values, their respective importance, and recent developments in the
policy area in the context of past trends (a similar approach is taken e.g. by the IEA, 2023c).

Table 1: Progress classifications for indicators with and without benchmark

Peen e Indicators with Indicators without
benchmark benchmark
Sl s ceeuiTing & o Ratio of required Average annual
On track above the required pace change to past percentage change
4 P change is <1 is 2 5%
Change is heading in the right  Ratio of required Average annual
Too slow direction at a promising but change to past percentage change
insufficient pace changeis>1to02 is2>2%to<5%
= Change is heading in the right  Ratio of required Average annual
ar too . >
Slow direction, but well below the change to past percentage change
required pace change is > 2 is 2 0% to < 2%
Wrong Change is heading in the Ratio of required Average annual
direction wrong direction, and a U-turn  change to past percentage change
is needed change is < 0 is < 0%
Insufficient Data is insufficient to assess
/ /
data the progress

Source: ©ECNO based on e.g., Schumer et al. (2022) and Eurostat (2014). Please note that classification for indicators
without a benchmark can deviate from the given ranges to reflect on the characteristics of an indicator.



51 GCNO

European Climate
Neutrality Observatory

2. Results: EU progress
towards climate
neutrality

This assessment analyses the EU’s progress towards climate neutrality using 104 indicators
which collectively reflect important objectives and enablers of change for 13 building blocks of a
climate neutral society (see section 1.4). The progress check is based on the rate of past change,
compared with the rate of change needed to meet climate neutrality — as measured against
official EU modelling and targets. Due to data availability, the results of this assessment largely
reflect the rate of change over the period 2015 to 2021, thus providing an unprecedentedly
detailed window of where it is most urgent and important that implementation of the EU Green
Deal and further policies has impact.

This chapter presents the top line insights of the analysis, providing an overview of the key
outcomes for the EU as a whole and then more specifically for sectoral and cross-cutting
building blocks. Full details on the building blocks and their evaluation can be found in section 4.

2.1 Big picture: Moving in the right
direction, but progress is too slow

The overarching finding of the assessment is that the EU is generally moving in the right
direction but needs significantly pick up the pace. Only one of the building blocks showed
development that was on track. The observed trend for three of thirteen building blocks was too
slow and in seven far too slow when compared to what is required to reach the EU’s legally
binding commitment of climate neutrality by 2050 the latest. Worryingly, developments are
moving in the wrong direction when it comes to finance and carbon dioxide removals (see Figure
5 for full details and Table 2 for all related indicators). A promising signal is that EU climate
governance is assessed as on track, meaning that the creation of high-level management
structures for the transition is occurring. This has the potential to help address the

shortcomings in other areas as governments progress in their implementation.
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Figure 5: Progress across the building blocks for reaching climate neutrality
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This overall picture, based largely on data for 2015 to 2021 and up-to-date qualitative
information, needs to be put into the context of the COVID-19 pandemic and the energy crisis
resulting from the Russian war against Ukraine, both of which have had significant impacts on
the backdrop for EU climate policy in recent years. The EU Green Deal (EC, 2019b) and the
subsequent ‘Fit for 55’ package of measures, negotiated through to 2023, include expanded and
additional policies that provide further guidance and levers to steer the building blocks in a
better direction (see, e.g., CAT, 2023; EC, 2020f). Examples of this include the introduction of the
EU Climate Law with its oversight, policy consistency, and progress monitoring functions; a
second emissions trading system (ETS2) for the transport and buildings sectors that will start
later in the decade, combined with the establishment of the Social Climate Fund; or the phase-
out of sales of new cars that emit tail-pipe CO, emissions by 2035. This wealth of new policy
initiatives at EU level for climate neutrality and for greater energy independence are signs that
the EU institutions are engaging with some of the necessary sectoral transitions and working to
create an adequate governance framework.

2.2 Headline results across the thirteen
building blocks

To show the specific strengths and weaknesses in progress, this section unpacks the headline
results for each building block. It presents a compact summary of progress of each building
block and its respective objectives and enablers, first for the sectoral building blocks, and then
for the cross-cutting ones. Interlinkages between classic economic sectors will be increasingly
important in a climate neutral future, and the cross-cutting building blocks provide essential
supporting functions for the sectoral transitions. Full details for each building block are available
in Chapter 4.

2.2.1 Sectoral perspective: Concerns over pace of change in
most sectors; additional boost needed for clean electricity

Progress in the main economic sectors is variable — from electricity supply being almost on
track, to changes in carbon dioxide removals going in the wrong direction due to the continued
loss in sinks. In mobility, industry, buildings, and agrifood, the analysis shows that progress was
far too slow over the assessed period, requiring a clear acceleration of change to put the EU on

a path to climate neutrality.

m
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The greenhouse gas (GHG) emissions from electricity have been

decreasing at sufficient speed to reach the EU’s own 2040

benchmark from the EU long-term strategy (EU LTS). However,

crucial enablers for the faster uptake of renewable electricity

generation and its integration into the power system are currently

Too slow developing too slowly, putting change required further on in the

transition at risk. This is why overall, the building block's progress is rated as too slow. Further
progress is required especially in overcoming barriers for renewable investment as well as the
coordinated scale-up of grid and clean flexibility options to ensure a secure shift to renewables.
The EU Emissions Trading System (ETS) already provides an important incentive to accelerate
the coal phase-out while the electricity market reform is ongoing, and RePowerEU aims to
increase the speed of the energy transition. However, short-term measures incentivising a shift
from gas to coal in the RePowerEU plan would undermine the EU’s own emission reduction
efforts. Slow(ing) progress in this building block will also have knock-on effects on other sectors
that rely on electrification as a driver (see section 4.1).

In mobility, progress was far too slow but has recently started

moving in the right direction. This is the case for emission
Q reductions as well as in terms of slowing growth in transport
volumes. In passenger transport, the observed decline is arguably
Far too slow mainly a result of the COVID-19 pandemic and may thus be (partly)

reversed, and with it the recent reduction in emissions. The modal

split for passenger and freight transport is going in the wrong direction with increasing shares of
road traffic. The turn to electric and zero-emission vehicles was far too slow, although EVs are
being taken up. The new ETS for transport (to start in the second half of the 2020s) and the
phase-out of fossil-fuel vehicles sales by 2035 are set to help address this issue and may lead

to an increase in the pace of change before 2030 (see section 4.2).

With the transformation towards climate neutral industrial
production not yet sufficiently evident in the available data, overall
progress for industry was assessed as far too slow. The reduction of
GHG emissions from industry needs to happen 2.7 times faster than
it did in the period observed to achieve the benchmark outlined in
Far too slow the 2030 Climate Target Plan. Moreover, the use of clean energy
carriers stagnated, even pointing slightly in the wrong direction. There is insufficient data to
identify the state of on-the-ground progress towards Carbon Capture and Storage (CCS) and
related CO; injection capacity or the annual production of renewable hydrogen. Circularity
remains low. However, this too is a sector where EU policies proposed in the last two years, for

example under the Circular Economy Action Plan, could lead to improvements in the future. The
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Net Zero Industry Act, currently under negotiation and following on to the EC’s Green Deal
Industrial Plan, aims at increasing the industrial base for clean technologies (see also section
4.8) and for CO, storage. These and other policy initiatives have the potential to help speed up

necessary change (see section 4.3).

Progress in buildings was far too slow. The annual reduction of GHG
m emissions in buildings was not happening at sufficient speed and
must be 7.5 times faster up to 2030 to meet the target from the
EU’s Renovation Wave Communication. This follows in part from a
Far too slow far too slow switch from fossil-fuels to renewable or electric

heating. Available data on renovation suggest that the pace of deep renovation was also too
slow. The living area per capita further increased, partly offsetting the gains in reduced heating
need per living space. The recent policy context suggests that developments could increase in
speed: the goals of the Renovation Wave are to be implemented by amendments to the Energy
Performance for Buildings Directive and the Renewable Energy Directive; and the new ETS for
buildings and the Social Climate Fund will start in the second half of the 2020s. In response to
the energy crisis resulting from the Russian war against Ukraine, the RePowerEU plan outlines a
significant increase in use of heat pumps, and an end to the sale of fossil fuel boilers by 2029
via the Ecodesign Directive. The Renewable Energy Directive implements a binding increase of

renewable deployment on national level (see section 4.4).

Similarly far too slow, but with less policy action in recent years, is

the overall progress in the agrifood sector. Agricultural emission

reductions must occur 2.4 times faster to achieve the 2050

emissions level presented in the EU LTS, but projected future

emission reductions will fall far short of this based on the current

Far too slow . . L

state of enabling conditions. All enablers show no or limited
improvements: progress on improved nutrient management was limited with reductions in
nitrogen fertiliser use only slightly declining. This needs to accelerate by almost 2 times to meet
the target from the Farm to Fork Strategy. Organic farming uptake would have to accelerate by
3 times to meet the Farm to Fork target, manure management emissions intensity and livestock
numbers continued to increase rather than fall, and end-of-supply-chain measures also showed
progress that was far too slow. The 2023-2027 Common Agricultural Policy (CAP) is not likely to
change this picture, considering Member State-level CAP strategic plans are expected to
continue business as usual. On a more positive note, trends in bovine meat consumption show
that reductions only need to be 1.3 times faster to achieve the dietary guidelines presented in
the EU LTS. Fundamental shifts in the way the EU produces and consumes food will be needed

for the agrifood sector to be on track to minimise its emissions (see section 4.5).

13
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Carbon dioxide removals are an essential counterweight to residual
emissions that cannot be avoided, but were heading in the wrong
direction, with removals from land use, land use change and forestry
(LULUCF) seeing an average annual decreases of almost 14 Mt CO.e.
Wrong direction This must be changed to an increase of over 6 Mt CO.e per year to
achieve the 2030 target. The decline can be traced back to slower
forest growth in terms of area and stock as well as limited carbon stores in soils. The EU has
revised the LULUCF Regulation, the Common Agricultural Policy (CAP), and the Renewable
Energy Directive, but the impact of these legislative changes remains to be seen. The upcoming
Soil Carbon Law may have the potential to improve carbon stores in soils while the new EU
Forest Strategy outlines options for improving the quantity and quality of forests and
strengthening their protection, restoration, and resilience. Technical removal, meanwhile, is still
in its infancy. There is no demonstration project in the EU so far, but some are planned.
However, with deployment depending on the availability of sustainable inputs and safe storage
options, its potential is limited. Application of technical but also natural removals must be well
regulated and considered carefully in the light of associated risks. The EC proposal on the
Carbon Removal Certification Scheme addresses some of these issues but also opens important
questions with respect to long-term storage and permanence as well as in terms of the eligible

uses of the removal units (see section 4.6).

2.2.2 Cross-cutting building blocks: enablers to sectoral
transitions need to pick up pace

Several cross-cutting building blocks strongly influence sectoral developments and support their
GHG emission reductions. Lifestyles, clean technology, and finance underpin for the necessary
changes in the sectoral building blocks, while governance sets the overarching framework for
climate policy-making and thus for all sectoral and cross-cutting policies. Just and inclusive
transition measures are key to manage the impact on EU regions and citizens. Adaptation is
another essential horizontal dimension to all other policy and pertains to government’s
responsibility to respond to climate impacts and counteract the vulnerabilities of its citizens.
The last cross-cutting building block assesses the consistency of EU external action with climate

neutrality.

The assessment shows that the cross-sectoral building blocks also span the full range of the
progress classification scale. Governance was on track; just and inclusive transition, clean
technology, lifestyles and external action were heading in the right direction although particularly
progress in lifestyles and external action need to significantly speed up. Adaptation is on the tip

of going in the wrong direction and finance is clearly off track.
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Table 2: Progress assessment across all building block indicators, enablers, and objectives

®

GHG emissions of electricity
generation

¢

Share of fossil fuel-fired power
generation

Share of variable renewable
energies in electricity generation

Electricity interconnector
capacity availability for cross-
zonal trading

Investment into transmission
and distribution grid

Share of electric smart meters

Battery storage and dispatchable
renewable energy additions

Flexible power demand

Buildings direct GHG emissions

Demand for building blocks and
bricks of cement or concrete

Average space per capita

Energy consumed for heating
and cooling related to living
space

000

Investments for energy
renovation

Average renovation rate

Deep renovation rate

Share of renewable energy in
heating and cooling

Per-person material footprint

Per-person carbon footprint
from household expenditure

GHG emissions from transport

Carbon intensity of passenger
transport

Total passenger transport volume

Total freight transport volume
Share of passenger transport
volume by mode

Share of freight transport volume
by mode

Share of EVs in passenger car
stock

Share of zero-emission vehicles
(ZEV) in heavy-goods vehicle
stock

Agricultural emissions

Bovine meat consumption per
capita

Nitrogen fertiliser consumption

Organic farming as a share of
total utilised agricultural area

Manure management emissions
intensity of cattle

Livestock

Volume of waste containing food
waste

Emissions from food processing,
transport, and packaging

®

Value added in management of
energy resources and protection
of ambient air and climate

Index of eco-innovation related
patents

@
@

©06

GHG emissions from industry

Share of clean energy carrier in
energy and feedstock use

@

Annual production of renewable
hydrogen for industrial use

CO; injection capacity

Circular material use rate

Resource productivity

Final energy consumption in
industry

Energy intensity of output

Net removals from LULUCF
(land-use, land-use change and
forestry)

Net removals from technical
solutions

Growth in forest area

Growing tree stock

Concentration of organic carbon
in arable land

@
[
&
@

Net CO, emissions from
croplands, grasslands and
wetlands

DACCS and BECCS capacities

Costs of BECCS and DACCS

Climate investment gap

° Climate hostile financial flows
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Investment in public transport

Share of EU population living in
EU Member States, regions or
local communities that promote
sustainable food in canteens

Price on carbon

Affordability of vegetarian
options compared to meat
options

Self-reported climate-conscious
behaviour

Climate-damaging
advertisement

©

Regional poverty rate

Material deprivation rate

Employment in renewable
energy supply-chains

Employment in environmental
goods and services

Share of accepted Territorial
Just Transition Plans

JTF implementation progress
Share of support for households

Share of support for energy
efficiency purposes

International climate finance

Public finance for international fossil fuel projects (by EIB)

Paris Agreement references in trade agreements

Climate-relevant capacities

Objective indicators

R&D researcher and personnel
working in environmental
sciences

Index of eco-innovation related
publications

Funds allocated to environmental
and energy R&D by governmental
sector

Private energy R&l spending,
relative to GDP

Green public procurement as a
share of total public procurement

Private investment in clean
technologies

@

Comprehensive climate
framework laws at national level

Citizen support for and
confidence in the climate
neutrality transition

Up-do-date and compliant long-
term strategies (LTS)

Progress monitoring with action
trigger at national level

Independent scientific climate
advisory bodies

Coherent all-of-government
approach

Citizens' climate assemblies
Public consultations on EU

climate policy impact
assessments

Imported CO, emissions

(by EIB)

ODA related to climate action

Public climate subsidies

Fossil fuel subsidies

Share of GHG emissions covered
by a carbon market price or tax

¢
&

EU and Member States revenues
from environmental taxation

Share of banks that have a
sound transition plan

Percentage of new banking loans
that are aligned with the Paris
Climate Agreement

S

ND-GAIN country index

Economic losses from climate-
related extremes

Green urban areas
Area of green roofs

Share of gentle tillage practices

Share of mixed forest area

Share of wetlands

River restoration

@
Q

Public finance for international clean energy projects

Prioritisation of climate diplomacy

Enabler indicators
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In lifestyles, the facilitation and adoption of consumption habits in
line with climate neutrality is progressing far too slowly. The per
person material footprint saw some decline following the COVID-19
pandemic after years of increases. The per person carbon footprint
Far too slow has been declining but far too slowly. Insufficient or even no data
make it challenging to assess progress of the enablers that will determine progress of these
footprints in the future — particularly those related to the decisive infrastructures that promote
and enable climate-neutral behaviour, such as availability of high-quality public transport.
Economic incentives developed somewhat in the right direction with a higher carbon price that
can influence energy consumption, but no information was found to compare, for example, the
actual affordability of vegetarian compared to meat dietary options. Similarly, the diffusion of
climate-neutral habits could only be assessed through self-reported climate-conscious
behaviour, which is on track. EU policies are likely to address some of the enablers, notably the
Ecodesign Directive, the eco-labelling scheme, the Circular Economy Action Plan, as well as the
upcoming sustainable food system legislative framework and the revision of the Waste
Framework Directive. However, there is no overarching sufficiency strategy yet that focusses on

the impact that lifestyle has for a path to climate neutrality (see section 4.7).

Progress on clean technologies was going in the right direction but
was too slow. The increase of clean manufacturing capacity was too
slow while the pace of development of new solutions was actually
slowing down. While private investment is on track, annually
Too slow increasing by a factor of two over the past five years, further
investment in energy and environment R&D and in manufacturing is
needed to ensure that additional clean technologies become available in time and keep
improving to deliver more outputs with fewer inputs. The progress on green public procurement
remains rather unclear due to lack of monitoring. Policies relevant for clean tech development
have been announced in the EU Green Deal Industrial Plan and the subsequent proposal for a
Net Zero Industry Act, which aim particularly at improving the environment for the scaling up of
the EU’s manufacturing capacity for clean technologies and products. These new initiatives must
now need be adopted quickly and implemented to speed up progress on clean tech (see section
4.8).

The most worrying result among the cross-cutting building blocks is

in finance, which was moving in the wrong direction overall. This

development could put the whole transition to climate neutrality at

risk, as sufficient climate investment is essential for the future

Wrong direction

emission reduction potential of the economy, while a continuation of

fossil fuel investments and subsidies locks the EU economy into a longer-lasting dependence on
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fossil fuels. Overall, public authorities set the wrong incentives with decreased environmental
taxation, and increased funding for fossil fuels of around EUR 1.5 billion per year between 2015
and 2020. This tendency was aggravated in 2021 and 2022 as most Member States increased
fossil fuel subsidies and decreased the rate of taxation on fossil fuels — including VAT in some
countries — in the context of the still ongoing energy price crisis and its impact on costs of living.
There are, however, some positive signs from recent policy decisions: More emissions than ever
were covered by a pricing scheme and this indicator will further increase with the new ETS
expanding to transport and buildings. Cost increases arising from this are intended to be offset
for key actors by efficiency and decarbonisation investments funded from revenues of the new
ETS, via the Social Climate Fund. Moreover, Member States will have to channel 100% of their
ETS revenues to climate-related uses. Checking progress on climate alignment of the financial
system, however, requires more and better data. The implementation of the Corporate
Sustainability Reporting Directive and the Corporate Sustainability Due Diligence Directive should
make transition plans mandatory for banking institutions from 2025 onwards, but uncertainties

remain on the content of these plans (see section 4.9).

In just and inclusive transition, all indicators show change in the
right direction, but the assessment highlights that progress was too
slow overall. Available data indicate that progress in reducing the
regional poverty rate and the support for households to tackle
Too slow energy poverty was far too slow. The creation of jobs in renewable
energies was far too slow, and the broader environmental goods and
service sector, while a little higher, was also still too slow. Bright spots are the reduction in
material deprivation rate, which is on track, as well as the adoption of Territorial Just Transition
Plans by carbon-intensive regions. The upcoming implementation of the Just Transition Fund
and of the Social Climate Fund will be important to improve progress in this building block (see
section 4.10).

Among the cross-cutting building blocks, the best news is that

governance framework for climate policy-making is developing at a

sufficient speed thus far. The adoption of the EU Climate Law in

2021 and the Governance Regulation in 2018 have contributed to this

result. Progress stemming from these, however, is not achieved at

On track EU level alone, but supported by positive developments in Member

States. Many Member States have now put in place comprehensive
climate framework laws to manage their climate policy-making. They appear to have started to
generate societal buy-in — here measured as citizens’ support and confidence in the transition
(to the extent that there is data). In some countries, citizens are already increasingly engaged

through country-wide citizens’ climate assemblies. Furthermore, robust institutional
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arrangements are being put in place, to strengthen the scientific underpinning in policy- and
decision-making, including in the form of scientific advisory bodies. However, insufficient data
does not presently allow a judgement as to whether a coherent all-of-government approach is
being taken. More action is required on integrated learning cycles as progress was too slow in
particular on long-term planning and monitoring systems overall. In addition, several Member
States have gaps in their governance systems. These shortcomings could be addressed in the
upcoming revision of the Governance Regulation which already provides common ‘minimum

governance standards’ for Member States (see section 4.11).

The assessment shows that progress on adaptation was far too
slow. Under the objective of becoming a climate resilient society, a
country index shows that vulnerability and resilience stagnated
while economic losses from climate-related extremes increased,
EE T ooIeery albeit with considerable year-to-year variability. Adaptation in
agriculture and forestry also went in the wrong direction with a
decline of the share of mixed forest area and of gentle tillage practices on arable land.
Development of blue measures showed some progress in increasing the share of wetlands, but
no data exists yet to assess the river restoration target. Similarly, missing data restricted the
evaluation of progress towards greening cities. The overall EU policy context has developed
favourably, which could lead to further progress in the future: The EU Adaptation Strategy calls
for increased investment in resilient infrastructure, improved disaster risk reduction, and
coordination and coherence. The Forestry Strategy promotes forest management practices that
would lead to more resilient forests and the EU’s Urban Agenda includes a partnership on
adaptation. Finance is available through, e.g., the European Structural and Investment Funds

(see section 4.12).

EU progress on external action on climate change has been far too
slow. While international climate finance shows some positive
@ progress, it remains insufficient, and does not yet match the
ambition of the EU as a champion in the global response to climate
Far too slow change. It is also worrying that the EU's ecological footprint abroad,
measured by imported CO, emissions, has been increasing, thus
moving in the wrong direction. The analysis further reveals that enhancing coordination in
climate diplomacy between the EU and its Member States has seen promising but insufficient
progress. The alignment of international public funds (here assessed on the basis of European
Investment Bank (EIB) funding, as a proxy) and trade agreements with the Paris Agreement goals
has progressed far too slowly. There is concerning movement in terms of the climate-related
allocation of official development assistance (ODA), which decreased between 2016 and 2020.

The EU Green Deal provides a promising narrative by emphasising the integration of climate
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considerations into all aspects of EU foreign policy, but it currently lacks comprehensive
measures to make good on this promise. In terms of developments in the policy context, there
are only some indications for possible future progress. The Corporate Sustainability Due
Diligence Directive aims to ensure that EU businesses address their environmental impact both
within and outside of Europe. Additionally, the forthcoming Carbon Border Adjustment
Mechanism seeks to impose a carbon price on imported carbon intensive product, discouraging
carbon leakage and promoting low-carbon imports (see section 4.13).
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3. Key insights and
policy implications

3.1 Policy context: Bold action is being
token in Europe

Measured by targets set and legislation adopted, bold and transformational action is being taken
in Europe, despite adversarial circumstances. The vision of the EU Green Deal has shone through
the COVID-19 pandemic and its economic consequences. Even under the shadow of armed
conflict in Europe and the resulting energy price and cost of living crisis, the overall commitment
to the agenda of pursuing a green future has not faltered — because the key solutions to the
climate crisis also create more independence and energy security, resilience, and lower prices in
the long-term. The temporary increase in coal power production and new investments in
infrastructure for imported liquified natural gas is evidence of the complexity of the current

context; the general direction towards more climate action however remains clear.

Member States are now shifting to implementation mode as the climate and energy package for
2030 is being finalised at the EU level. However, countries’ own projections show that current
policies are insufficient and that additional instruments are needed to kickstart the required
transition in key sectors. Making the required political decisions is evidently not easy, and the
degree of change involved understandably triggers resistance and intense public debate. More
and better public exchange and communication on effective solutions is thus essential to allow
the achievement of climate neutrality. Businesses and citizens alike need to know that and what
change is coming, what it means for them, and how they will be supported. Successful

implementation of transformative policies requires broad acceptance.

The first-of-its kind assessment of progress presented in this report offers a spotlight on where
additional action is required, helping to show where efforts should be prioritised, as well as
confirming the granularity with which progress on structural changes needs to be monitored. In
2024, two of the three main EU institutions will see change, with elections for the European

Parliament (EP) and a new term for the European Commission (EC). Together, they need a clear
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agenda to improve the existing policies further to guarantee that the long-term goal will be
met. The findings in this report — and a possible update next year - should inform these

decisions on future EU policy action.

3.2 Positive signals and cause for concern
from the assessment

The analysis of progress has revealed both strengths and weaknesses in the transition of the EU
to climate neutrality. Some of the insights can serve as inspiration and a source for optimism
that policies are working, while others are cause for concern and require targeted action. This
segment focuses on the higher-level observations. More granular and policy area specific take-
aways are in the deep dive sections for the individual building blocks (see section 4).

First, the positive messages:

e Most of the building blocks moved in the right direction, with the exception of finance and
carbon dioxide removals. While progress over the period analysed was too slow, and in
some cases far too slow, this still suggests that overall, Europe is orienting itself towards,

and has a basis to build on, for faster action.

¢ The assessment shows that the EU is developing the right governance framework to achieve
the goal of climate neutrality by 2050 at the latest. EU law has established some initial
minimum standards for climate policy planning and monitoring at national level, and many
Member States are already going a step further. The EU is thus starting to be well-
positioned to accelerate progress — even as substantial room for improvement remains to
further strengthen processes and institutions to manage the transition. This framework has
also only been introduced very recently, with key management processes under the EU
Climate Law still to be tested for the first time, which means the real impact will show only

in their implementation.

e Electrification is a core overall driver for the move to climate neutrality with direct
implications for other sectors. The decarbonisation of electricity overall was on track,
though the detailed results show that more action and focus is needed on the enablers to

ensure that progress continues at the necessary rate for this key building block.

e In just and inclusive transition, all indicators were going in the right direction, with many of
the necessary changes beginning to take effect, even if progress observed so far was still

too slow.
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e There was significant, but uneven progress in clean technologies, a cross-cutting driver of
the modernisation of the European economy.

To speed up change in those promising sectors, the EU should focus particularly on those
objectives and enablers where changes were going in the wrong direction and where changes
have stagnated. Creating the necessary enabling environments is a must-have condition for the
longer-term changes needed for a climate neutral future. Targeted policy interventions with
new policies or upgrades to existing instruments, as well as the cancellation of wrong
incentives are needed to bring the enablers on track — so that the building blocks of climate

neutrality can take shape.

The three building blocks that raise particular concerns are:

e Finance and investments, a key driver of the transition to climate neutrality at large, was
found to be far off track. This impacts progress in all other building blocks as all depend on
the right financial flows. Lack of progress on finance is thus a bottleneck that carries risk
for the transition overall.

e Carbon dioxide removals (CDR) were heading in the wrong direction, in particular as natural
carbon stores declined. At the same time, technical means of carbon dioxide removal are
not deployed yet despite a 2030 target for focused application outlined in the EC proposal
for a certification framework. This puts into question the anticipated role of CDR in

balancing emission releases to achieve net zero and even net negative emissions.

¢ In adaptation, limited to no progress across both objectives and enablers as well as a
significant lack of data highlights the need for action and greater transparency. In
combination with the increasing occurrence and magnitude of climate-related extremes,
the currently far too slow progress risks the well-being of all Europeans as well as
increasing damages to the EU economy’s structures and natural systems that are a
foundation to all building blocks.

Particularly in these three building blocks, the EU will have to swiftly modify the current course

if it wants to get on track to reach its own climate objectives.
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3.3 Lessons learned from the limitations of
mMeasuring progress towards climate
neutrality: the power of transparency

ECNO has designed and implemented its own monitoring methodology, in the absence of an
official framework that provides the required level of depth and detail on changes happening
under the emissions curve. The approach uses indicators to measure past progress in objectives
and enablers across the key building blocks of a climate neutral future. This provides an
unprecedented understanding about past progress overall as well as on the state of the
enabling conditions that are a prerequisite for future changes. The resulting nuanced picture of
progress also helps to identify where most urgent action is required, and to formulate key take-

aways for targeted policy interventions.

At the same time, it is important to reflect on the drawbacks of this first ever in-depth analysis

of progress towards climate neutrality in the EU.

Lesson 1. Essential data are missing to paint a complete picture

Ideally, this assessment would have drawn on official EU data only. However, these were not
sufficient for a detailed and varied picture based on specific indicators for each building block.
Accordingly, the data used originates from a range of sources and even partly from the research
partners' own collection and compilation efforts (e.g., under governance). Still, there are 32
indicators for which no data source could be found or where there is insufficient information. In
other cases, the assessment partly falls back on proxy indicators that do not exactly provide the
information desired but allow for an estimated assessment. This lack of data availability means
that the overall picture stays incomplete — and essential insights for policy-makers may be
missing. Lack of progress, or the failure to lay the foundations for decisive change further along

in the transition, may thus go unnoticed.

Lesson 2: Accurate identification of gaps needs an up-to-date vision
of the future

This assessment measures progress against official EU-level targets and benchmarks for the
future, where available. To this end, the ECNO analysis had to draw on a range of different
official sources, including EU Directives and Regulations, the EU 2030 Climate Target Plan, the
(already outdated) EU LTS in-depth impact assessment, as well as a range of other documents
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including, e.g., the 8% Environmental Action Plan (EAP). Of the latter, some official targets need
updating since the target year has already passed. In addition, some official EU targets are
available only for 2030 and may not be fully in line with the path to climate neutrality. In some
instances, no benchmarks could be found at all - which was compensated for with an
indication of the overall direction needed (this was the case for 70 indicators). However, such
alternative choices should not hide the fact that agreed yardsticks, stemming from official, up-
to-date pathways to climate neutrality, are needed for an accurate indication of progress and
related insights for necessary course corrections.

Lesson 3: Panta rhei - a dynamic reality needs regular tracking for
robust policy-making

Lastly, there is a structural issue that no real-world data driven assessment of progress can
fully compensate for: the time lag between policies adopted and observed change in the
economy. As outlined above, the EU climate policy landscape has changed significantly,
especially with ‘Fit for 55’ — and many Member States have also introduced new policies,
including in the context of the energy (price) crisis. Information used for such assessments can
thus only provide a snapshot of the past and can quickly become outdated, which makes it
difficult to assess truly current trends. To address this challenge, this assessment included the
latest insights into policy changes to provide a comprehensive picture of current progress at
least at the level of the building blocks. As Member States in particular are drawing up
additional policies, insights on past developments and required changes should be a key source
for decision-makers. This time=lag conundrum and the speed of change in data and policy is
also why measuring progress at the level of enablers needs to happen regularly, with annual
updates — so that new data and additional indicators can be built in, ensuring that policy-

making is informed by the best information available on the underlying drivers of change.

3.4 Looking forward: recommendations for
an improved official EU monitoring system
to better inform policy choices

This assessment shows that, as the window to set in motion the necessary transformations
towards climate neutrality closes, EU policy-making needs an overall tracking system that is
capable of showing clearly and comprehensively where progress is not fast enough, or even goes
in the wrong direction. Doing this on the level of objectives as well as enablers for specific

building blocks (along traditional sectoral lines and across them) is key to identifying the areas
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that most urgently in need of action, and revealing others that might lead to slow-down or
blockage in the future. These insights can inform the formulation of new policies, the revision of
existing policies to align them better with a path to climate neutrality, as well as the removal of
policies setting the wrong incentives.

The assessment showed that the EU is already putting in place a governance system that puts it
on track for climate neutrality, but which needs to continue developing apace. One of the
innovations in recent years that has contributed to the positive assessment is the adoption of
the EU Climate Law (see e.g., indicator on the ‘uptake of EU and national independent scientific
advisory bodies’). The EU Climate Law has given the EC the obligation to assess progress
towards climate neutrality (Article 6.1), but the lack of an adequate monitoring framework is an
obvious blind spot. Without it, there is a risk that the official process cannot reveal exactly the
kind of information needed for targeted policy action. ECNO has been set up to fulfil this
function as long as the institutions are not doing so, and to help strengthen official processes
moving forward, but would rather see this function filled by formal EU processes.

To sum up, this first assessment of EU progress towards climate neutrality leads to the
following recommendations for the institutions to improve the EU’s ability to manage its climate

neutrality efforts.

e GET THE DATA: The EC must establish a common EU-wide progress tracking system
based on a comprehensive set of indicators, designed to inform policy-making in a way
that enhances the capacity to achieve climate neutrality. Indicators should therefore be
linked to key enablers of the transition as well as to headline objectives. This must
include means to close data gaps via new reporting obligations and adjusted data
collection routines.

e INTEGRATE SMARTLY: The monitoring framework can be used to inform both planning
and reporting and be applied for all Member States. Mutual referencing of the same
parameters will allow for greater comparability, facilitate necessary evaluations, and
increase transparency. Due to the overarching nature of the climate neutrality goal and
its relevance for other policies, such a tracking system can also be integrated with other
EU monitoring systems such as the 8" Environmental Action Programme and the
European Semester, reducing overall effort and administrative burden for Member

States and EU institutions alike — and allowing for decisions based on a joint fact base.

¢ BRING IN EXPERTISE: The monitoring framework should be developed using a
transparent process, involving relevant stakeholders from different policy areas and
areas of expertise, including the newly-established European Scientific Advisory Board
on Climate Change. It must also be anchored in legislation (Governance Regulation and

EU Climate Law), to ensure that its adoption and implementation are being adhered to.
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e ASSESS REGULARLY: Assessments of progress towards the key objectives and their
enablers should take place annually (or at least every two years, in line with integrated
national energy and climate progress reports (NECPRs) to ensure that policy actions are
based on the best information available. Implementing this frequency formally requires a
change to Article 6 of the EU Climate Law. Regular updates are also needed for the
underlying pathways providing benchmark values. A formal update of the EU long-term
strategy (EU LTS) is already overdue.

e MAKE IT COUNT: Having good progress information is particularly valuable if it is directly
acted upon. EU decision-makers should consider integrating into the EU Climate Law a
dedicated action trigger based on the results of the assessments. There are similar
procedures in other important EU governance systems, which this could be modelled
upon, such as the Alert Mechanism Report under the European Semester, which triggers
in-depth reviews. Information from the tracking system could trigger a more detailed
inspection to verify whether the lack of progress identified is of concern and to then
facilitate appropriate action, if needed. Moreover, to use the information most
effectively, a direct link could be established in the EU Climate Law between the
progress assessment (Article 6.1) and the policy consistency assessments (Articles 6.2
and 7) — and to review clauses of individual pieces of legislation relevant to the

achievement of climate neutrality.

A welcome window of opportunity to implement these recommendations for a better official EU
monitoring system is coming up, through the imminent review windows for the Governance
Regulation and the EU Climate Law in 2024. But there is no need to wait. Under the existing
obligation for a progress assessment (Article 6.1 EU Climate Law), the EC can already kickstart
the process of drawing up a thorough and effective system, involve relevant stakeholders
(including Member States) and assessing the respective information needs as well as the

potential reduce administrative effort across planning and reporting systems.

With this first in-depth assessment report, the European Climate Neutrality Observatory (ECNO)
wants to inform a broader dialogue on how the EU can best track progress and what actions
could be taken on the basis of its analysis. This can also contribute to efforts by EC to track

progress and draw up an adequate system for regular assessments.

ECNO invites feedback from all interested parties on both methodology and the results. It seeks
to further expand its understanding and refine the underlying approach to progressively improve

the information for policy-makers from future assessments.

27



.

4. Deep dives: Detailed
description and results of

13 building blocks for a
climate neutral future

555555

® 2

MOBILITY BUILDINGS

BUILDING BLOCKS FOR
CLIMATE NEUTRALITY

& . W




5\CGCNO

European Climate
Neutrality Observatory

41 Electricity

Electricity supply plays a central role in decarbonising energy supply and its importance will
only increase over time through sector coupling, i.e., the electrification of demand sectors.
Emission reductions are mainly realised through the phase-out of fossil fuels and the build-up

of renewables.

Overview

Global energy supply must be decarbonised by 2050 to stay within the limits of the Paris
Agreement (IPCC, 2018b). Integral to that is the decarbonisation of electricity supply — as early
as 2035 for advanced economies (IEA, 2021b). Such a timeline can be achieved within the EU
without additional costs to the current plans (Ember, 2022b). The importance of electricity
supply for decarbonisation will only increase as sector coupling progresses, i.e., as the demand
sectors increasingly become electrified this further enables decarbonisation granted, they are
being powered by a clean electricity system. Estimates for the share of electricity in final energy
consumption project a rise from roughly 23% to around 50% in 2050 (EC, 2018c), and some are
as high as 66%, depending on the pathway taken (Ember, 2022b). Meanwhile, improving the
energy efficiency of electrical appliances in the demand sectors can help reduce electricity
demand, ensuring the costs of electricity are minimised. The development in electricity supply is
thus heavily dependent on and linked to the other climate neutral building blocks covering

sectoral energy demand (i.e., buildings, mobility, industry) as well as societal norms and lifestyle.

Progress in this building block was too slow. While the overall emission trend is on track,
important underlying drivers for the energy transitions must still accelerate — while emission
reductions in the past were driven by a shift to gas and renewables, future emission reductions
must rely almost entirely on renewables to enable the phase-out of fossil fuels. The share of
fossil fuel power generation does not seem to be falling fast enough while renewable energy
growth as the main driver for emission reduction has seen mixed progress. While solar energy
has shown considerable growth in recent years, meeting the required growth rate, the expansion
of wind energy needs to at least double to keep pace. Insufficient support schemes and
problems with permitting were the main obstacles. Closely linked, fossil fuel phase-out needs to
be sped up. It was hampered in recent years by a coal resurgence due to the gas crisis and
nuclear and hydro shortages due to drought. Recent price levels delivered by the EU Emissions
Trading System (ETS), could, if maintained at the high levels, provide an important incentive to
accelerate coal phase-out further — and an EU phase-out target for fossil fuels would quicken

the pace even more. The electricity market reform in the EU, including strengthening
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interconnection and the intra-EU market, seems to be heading in the right direction, but data
are largely lacking to track progress sufficiently. Grid investments are ongoing and have seen an
increase in recent years, but that is not sufficient especially since significant gaps remain in
interconnector investments, distribution grid investments and the digitalisation of the grid such
as smart meters. There is also limited information on the trend of clean flexibility options, such
as energy storage and demand-side flexibility, and the lack of existing regulations at the EU
level, including targets, reveal a blind spot in EU regulations that the EU has only recently
started to address.

411 Objectives and enablers

Objectives: Decarbonise electricity supply and phase out fossil fuels

The decarbonisation of electricity supply relies on a mix of supply options, principally renewable
energy sources, such as wind and solar and to a lesser extent other low-carbon sources, such
as nuclear and carbon capture and storage (CCS). The European Commission (EC) foresees
renewable energy to provide 81% to 85% of the electricity supply in 2050 followed by nuclear
with 12% to 15% (EC, 2018b). Other studies suggest an even larger role for renewable energy
sources of 90% of electricity at the global level in 2050 (IEA, 2022f).

The decarbonisation of electricity supply is measured
Sl eliesito s with the indicator ‘GHG emissions of electricity
GHG emissions of electricity generation’. The in-depth analysis accompanying the
generation [Mt CO.¢] EU long-term net zero targets currently foresees the
electricity supply sector to reach net zero by 2040 (EC,

2019a).

Climate neutrality requires a phase-out of fossil fuels in the power sector. Projections show that
coal should be phased out as early as 2030 in advanced economies to be in line with a Paris
compatible pathway (IEA, 2021b). An active management thereof should include a plan that
provides a clear vision for all actors in the sector and guides investors away from brown
infrastructure investment. Payment schemes may enable fossil fuel operators to retire their
power plants before the end of their economic lifetime. The EU has not put forward a coal
phase-out plan for the bloc at large, but individual Member States have done so - albeit with
different timeframes between 2023 and 2038 (EC, 2023c). The EU has not put forward a coal
phase-out plan for the bloc at large, but individual member states have done so - albeit with
different timeframes between 2023 and 2038 (EC, 2023c). For other fossil fuels, such as gas but
also oil, or fossil fuels a whole, a lot less countries have defined specific phase-out timelines.
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This is in part because these ‘bridge fuels’ are often regarded as still playing a role in the
transition toward low carbon sources. Moreover, the phase-out of fossil fuels has multiple
implications for the economy and is a politically sensitive issue. The creation of green jobs is
countered by just transition concerns surrounding the loss of jobs and implications for jobs and
communities in geographical regions reliant on the current fossil fuel economy will need to be
mitigated.

The indicator ‘share of fossil fuel-fired power L
Selected indicator:

generation’ measures progress towards fossil

fuel phase-out in the power sector. EU Share of fossil fuel-fired power

projections see the share of fossil fuels in power ~ 9eneration [% of electricity generation]

generation decrease to 18% by 2030 and 3% by

2050 (EC, 2020f).

Enabler 1: Reform of electricity markets to enable participation of
renewables

A significant increase in wind and solar electricity generation is needed in the EU to achieve the
decarbonisation of the sector. The modelling underlying the EU long-term strategy (EU LTS)
suggests that both technologies combined could cover between 66% and 72% of electricity
supply by 2050 (EC, 2018c). Wind and solar have already reached grid parity in many
constituencies (IRENA, 2021) and in 2022, even generated more electricity than coal or gas
(Ember, 2023). However, these renewable electricity sources have uniquely different
characteristics from the current base load technologies dominating the past power mix, and
electricity markets in the EU have undergone significant changes to enable this transition (Agora
Energiewende, 2019).The reform of the electricity market in Europe is a continuously ongoing
process (EC, 2023f). At this current stage, several aspects are important to enable a larger share
of renewables, as laid out by the EC:(EC, 2023f). At this current stage, several aspects are

important to enable a larger share of renewables, as laid out by the EU Commission:

e Market design must enable the operation of highly flexible power plants (including
storage) to compensate for the increasing variability of power supply caused by variable
renewable energy sources. This can include capacity mechanisms or high temporal

electricity prices.

e Market design should allow consumers to become more pro-active in contributing to the

stability of the electricity system (demand-side management) (see also below).

e Cross border integration of European electricity markets at different temporal scales
enables the largest degree of flexibility across different markets.
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The electricity market reform attempts to address the current challenges related to these
aspects; however, as the share of renewables increases, the challenges and associated market
design will need to adjust further (De Vivero-Serrano et al., 2019). This has important
implications on how to measure progress towards the integration of wind and solar—what is
relevant in the next years will be very different from what will be relevant in the future.

Independent of where we are in the transition,
Selected indicator: progress can be measured by the indicator
Share of variable renewable energies in ‘share of variable renewable energy sources in
electricity generation [%)] electricity generation’. Based on the average
share of variable renewables across scenarios in
the EC 2030 impact assessment, the share of variable renewable sources in power generation

will need to increase to 47% in 2030 and 67% in 2050 (EC, 2020f).

Regarding the current challenges, an important
aspect to ease the need for flexibility is the Selected indicator:

integration of the European electricity market,
Electricity interconnector capacity

grid, and system through cross border trading L .
availability for cross-zonal trading [%)]

and capacity improvements. This can be

measured with the indicator ‘cross-zonal

capacity’. The EU has set itself a binding target related to cross-zonal capacity, whereby
Transmission System Operators (TSOs) have to provide 70% electricity interconnector capacity
for cross-zonal trading by the end of 2025 at the latest (Electricity Market Regulation).
Unfortunately, there is currently no consistent approach towards tracking the progress towards
this target at the EU level.

Enabler 2: Grid build-out, digitalisation and enhancement

The decarbonisation of electricity supply requires a massive upgrade of the European grid on
both the transmission and distribution level. To enable greater visibility and participation of
loads and generation at the distribution grid level, this must be accompanied by a digitalisation
of the grid. As such, integration of the European electricity grids needs grid investments—in
parallel to the integration of markets (see Enabler 1). The digitalisation of the grid is needed to
enable the further integration of demand and

supply as electrification progresses and the Selected indicator:

need for flexible demand growths (e.g., through
Investment into the transmission and

smart meter). The indicator ‘investment into the R .
distribution grid [EUR/year]

transmission and distribution grid’ measures the
progress on both fronts. The EU suggests that
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investment into the grid to meet the EU’s 2030 targets amounts to EUR 584 billion between
2020 and 2030 (EC, 2022¢) or between EUR 53 and 60 billion (with an average of EUR 57 billion
across scenarios) per year in the same time period (EC, 2020f).

The indicator ‘share of electric smart meters* .
) S Selected indicator:
provides tracks how far grid digitalisation is
enabled across all Member States. The third Share of electric smart meters [%)
energy package called for all Member States
with a positive economic assessment of smart meters to roll out 80% of smart meters by 2020
(Electricity Market Directive). This target was not reached in most Member States and has not
been replaced, but the existence of a new target notwithstanding, a nearly 100% share is

desirable.

Enabler 3: Increasing demand and supply flexibility to enable uptake
of variable renewable energies

The decarbonisation of electricity supply needs a paradigm shift away from a base-load-focused
approach towards one with high flexibility to accommodate the raising share of variable
renewable energy sources. In the current power plant park flexibility is provided largely by
existing gas- or oil-based power plants to accommodate load following and the integration of
variable renewables. Such flexibility providers may not be operated in a climate neutral power
system due to slower respond rate of CCS units (Rua et al., 2020). This means that flexible clean
technologies need to be phased-in overtime to allow for the full decarbonisation of the sector.
These include certain types of renewable energy sources, such as hydro-power and
biomass/biogas-based plants but especially the use of storage technologies, such as pumped
hydro storage, battery storage, or hydrogen storage (combined with hydrogen-based turbines).
While some of these options are limited by the availability of natural resources, geographical
characteristics and/or competing use applications, others come with high up-front costs that
often cannot be recuperated in the current electricity market design. Identifying ways to enable
the uptake of both technology types is central to the successful integration and further market
penetration of variable renewable sources. The success of the power sector transformation
hence also significantly depends on the ability to phase-in such technologies to provide
flexibility on different timescales. We will measure this with the indicator ‘battery storage and
dispatchable renewable energy additions’.
Dispatchable power plants do not rely on R
fluctuating resources and can be scheduled and

controlled by transmission system operators — Battery storage and dispatchable

for instance, to follow the electricity load. Both S D ERENE L s [

together are foreseen to reach a capacity of
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around 287 GW in 2030 and 947 in 2050, whereby the role of battery storage will increase from
40% of that capacity to almost 80% (EC, 2020f).

In addition to a more flexible power plant park, an increasing flexibility of electricity demand is
also needed to minimise costs, so that instead of installing new power plants or investing in new
grid infrastructure, consumers are enabled to provide flexibility themselves (DNV, 2022).
Demand-side flexibility options can happen at
Selected indicator: household or industrial scale and include smart
power-to-heat, power-to-hydrogen, electric
Flexible power demand [TW/hour] ) . ) .
vehicles, smart appliances, and industrial
demand response. These are enabled through
the digitalisation of electricity supply (IRENA, 2019). The indicator ‘flexible power demand' can
measure progress on this front. Like for supply-side flexibility, the EU needs to develop
frameworks, such as the Digitalisation Strategy (EC, 2020d), to enable flexible demand uptake.

However, there is currently no data available on flexible demand at the EU level.

4.1.2 Progress towards climate neutrality

Progress towards the objectives:
Decarbonise electricity supply

and phase out fossil fuels CHG emission from

electricity generation

This indicator shows the past

development of GHG emissions from
electricity generation (EEA, 2023b) in
comparison to the EU trajectory of
reaching a reduction in emissions of 78%
in 2030 compared to 2005 levels (EC,

The power sector is on track towards meeting
the EU’s GHG emission trajectory for the
sector (EC, 2020f); emission reduction were
decreased faster at 60.5 Mt CO»e per year
between 2016 and 2021 than the required 50.3

Mt CO.e per year need from 2021 to 2040. This
trend is also on track with a decarbonisation
of the power sector by 2035 timelines
suggested by others, such as the IEA (2021b).

Emissions in the sector are determined by two
main factors: the demand for electricity
(largely determined by other sectors) and the
emission intensity of power production (largely

2020f).

Data show an annual decrease of

60.5 Mt CO,e between 2016 and 2021.
This was faster than the benchmark
trajectory, where the required annual
decrease between 2021 and 2030 needs
to be 50.3 Mt CO.,e, and thus on track.

determined by the power generation mix). Over the last two decades, electricity demand has

fluctuated but overall, remained relatively stable, with 2021 seeing the same levels as 2005.
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Recent years saw a decrease due to COVID-19 in 2020 (e.g., through remote work), followed by a
recovery in 2021 and another decrease caused by high energy prices following the Russian war
against Ukraine. It remains unclear whether these will have long-term impacts. It is more likely
that electrification trends in other sectors will pick-up significantly in coming years, potentially
leading to an increase in electricity demand. This foreseeable increase in electricity demand puts
even more pressure on the second factor determining emissions in the sector: the emission
intensity of power production. The emissions intensity of power production has seen a steady
decrease over the past two decades but rebounded in 2021 and 2022 (Ember, 2022a). The
decrease has been driven by increases in renewable energy generation and a switch to natural
gas, which pushed coal out of the generation mix. However, the rebound in 2021 was caused by
two factors: drought reduced power generation from hydro energy and an unexpectedly high
number of downtimes of nuclear power plants, in particular in France (ACER, 2023). In 2022, the
increase continued driven by the gas crisis following the Russian war against Ukraine, which
pushed gas out of the generation mix, bringing in larger amounts of coal generation again.
Especially the gas crisis led the EC to publish its REPowerEU plan (EC, 2022j) with measures
that aim to increase the speed of the energy transition. However, it remains to be seen whether
these measures will manage to turn around

the trend.
Share of fossil fuel-fired

The phasing out fossil fuels in the EU is power generation

happening too slowly. The share of fossil fuel This indicator shows past development in
the share of fossil fuels in electricity
generation (Eurostat, 2023f, 2023e) in
comparison to the EU benchmark of
reaching a share of 18% in 2030 (EC,

2020f).

Data show an annual decrease of 1.3%-
points between 2016 and 2021 which was

power generation decreased by just 1.3%-point
per year between 2016 and 2021, compared to
a required decrease of 2.5%-points per year.
The EU ETS is the main instrument
incentivising fossil fuel phase-out, and despite

generally positive developments in recent

years, it has not managed to spur on the
phase-out fast enough. The EU ETS saw a
jump in the CO, price from previous levels of
between 20 and 30 Euro/tCO, up until late
2020 to 60 to 100 Euro/tCO; in the beginning
of 2022. Since 2022, the price has fluctuated

too slow. It has to reach an annual
decrease of 2.5%-points between 2021
and 2030. This is 1.9 times faster than the
past rate of progress.

around that level, caused by different factors, such as the temporary reverse switch from gas to

coal in response to the gas prices, droughts causing hydro and nuclear power shortages,

increasing electricity demand, and a proposal by the EU to fund coal-fired power plants with
EUR 2 billion as part of the REPowerPlan (EC, 2022d). The latter could undermine the EU’s own
emission reduction efforts (CAT, 2022). The effect on coal capacity and generation was mixed —

while coal power generation went up, many power plants are being retired and only Poland
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added new generation (Beyond Fossil Fuels, 2022). Moving forward, a stable CO, price above EUR
50 and reaching EUR 100 could disincentivise investment in new power plants further and
accelerate the phase-out of fossil fuel generation (Twidale et al., 2023).

Progress towards Enabler 1: Reform of electricity markets to enable
participation of renewables

The share of variable renewable electricity generation has increased over the last decades and is
heading in the right direction but still far too slow to enable an emission trajectory in line with
the EUs own trajectory. The share of renewables in electricity generation grew at a rate of 1.5%-
points between 2016 and 2021, which has to accelerate to 3.2%-points to be in line with the
impact assessment of the EU’s 2030 Climate
Target Plan (EC, 2020f). While the European

Share of variable Council (EUCO) and European Parliament (EP)
renewable energies in

A > have agreed on updating the Renewable
electricity generation

Energy Directive and targets , the policy
This indicator shows past development in
the generation share of variable
renewable energy sources (wind and
solar) (Eurostat, 2023f, 2023e) in

regimes at the Member State level seem not
adequate to enable an uptake in line with the

EU’s own objectives. General problems that

comparison to the EU trajectory of can be observed across EU countries are:
reaching a 48% share in electricity faulty designs; stop-and-go policies, which
consumption in 2030 (EC, 2020f). impact investor confidence; and problems
The data show an annual increase of with lengthy permitting procedures (IEA,
1.5%-points between 2016 and 2021. To 2022c). The EU is attempting to address the
meet the benchmark, the required annual latter through Council Regulation (EU)

change between 2021 and 2030 needs to
be 3.2%-points, which is 2 times faster
than the current rate of progress.

2022/2577 to accelerate the deployment of
renewables. To become in line with the EU’s
own trajectory, renewable deployment should
be at around 48 GW of solar PV and 36 GW of
wind yearly, while only 41.4 GW of solar and 16
GW of wind (87% onshore) were added in 2022 (IEA, 2022c; SolarPower Europe, 2022;
WindEurope, 2023). Progress on wind energy is thereby especially insufficient; while onshore
wind has struggled to identify new sites, offshore wind is a relatively new technology and is still
causing problems (CAT, 2022). There are signs that a change in the right direction is ongoing —
investments in onshore wind are increasing, and while investments in offshore wind are
currently decreasing, Member States are increasingly committing themselves to install more

offshore wind (CAT, 2022). The development of solar energy was almost in line with what is
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needed, and industry’s own projections suggest that this will continue at an even higher level

(SolarPower Europe, 2022).

The progress of EU electricity market reforms
to enable the uptake of variable renewables is
difficult to track but can be largely
characterised as too slow. This is due to the
complexity associated with finding the right
market design, one that fulfils multiple
conditions simultaneously, e.g., energy
security, energy equity, decarbonised supply,
as well as the various market design options
that exist (Nabe & Staschus, 2023). The
proposed EU market design reform by the EC
includes several measures that attempt to
address protecting consumers against high

Electricity interconnector
capacity for cross-zonal
trading

The indicator measures in how far TSOs
in countries are setting aside
interconnector capacity for cross zonal
trading. The EU set target for a minimum
of 70% of electricity interconnector
capacity for cross-zonal trading (ACER,
2022).

There is not enough data to track this
indicator, but a qualitative comparison
suggests that change is far too slow.

electricity prices and continued support of

variable renewables (EC, 2023u). Whether the

EU manages to successfully address both remains to be seen, but the general intention to see
the growth of renewables as an opportunity to overcome the existing energy crisis is integral to
the proposal. Aspects highlighted in Section 0 as integral to supporting the market integration of
variable renewables include the greater integration of European electricity markets, increases in
flexible generation, and increase in demand-side management. All are part of the EU’s proposal.
The latter two are discussed below. The former, the integration of European electricity markets,
is addressed by the EU target to make available at least 70% of cross-zonal capacity. However,
progress on this front cannot be tracked due to a lack of harmonised monitoring between
transmission system operators (TSOs). Indicative analysis shows that the levels remained the
same between 2020 and 2021 (ACER, 2022), indicating that progress was too slow and that more
action is needed. The problem of data quality and availability has also been identified as part of
the latest proposal by the EU Commission (2023u). The problem of data quality and availability
has also been identified as part of the latest proposal by the EC (2023u). The problem of data
quality and availability has also been identified as part of the latest proposal by the EU

Commission (2023u).

Progress towards Enabler 2: Grid build-out, digitalisation and
enhancement

Investments in the power grid increased by an average of 4% per year between 2016 and 2021
and reached a level of EUR 66.3 billion in 2022 based on IEA data (IEA, 2022d). The EU published
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investment figures that suggest that average
annual investment must reach around EUR 57
billion per year (EC, 2020f) or EUR 584 billion
over the time period between 2020 and 2030
to be in line with the 2030 climate target (EC,
2022e). However, these figures cannot be
compared to the investment figures presented
by the IEA due to differences in scope. Various
publications hint to the scale of additional
investments needed. The EU itself suggests
that a 15% increase in investments compared
to the baseline is needed to reach its 2030
targets (EC, 2020f), indicating that progress is
rather too slow. Other sources point to a
doubling of yearly investments until 2050 if
electrification is to become a stronger
backbone of the transition (Kreusel et al.,
2022).

Various areas of the grid will need attention.
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Investment into trans-

mission and distribution

grid

This indicator shows past development in
investments in electricity grid
infrastructure (transmission and
distribution) (IEA, 2022d). While data for
trend and a future benchmark are
available (EC, 2020f), differences in how
these are defined in terms of scope do
not allow for a comparison.

Data show an annual increase of 5%
between 2017 and 2022. This
development was heading in the right
direction but was too slow as the EU
suggests a 15% increase in investments
compared to its own baseline.

By 2030, interconnection capacity needs to increase by 1.7 times compared where it is now,

albeit that heavily depends on how the future electricity grid will develop (Kreusel et al., 2022;

SensfuB et al., 2019). Similarly, investments into the distribution grid must increase, to connect

Share of electric smart
meter in total meters

This indicator shows past development of
the share of smart meters in electric
meters (Berg Insight, 2022; EC, 2020c).
While there is no official benchmark data,
a share close to 100% would enable the
digitalisation of the grid and thus the
energy transition.

Data show an annual increase of 24%
between 2014 and 2020, which was far
too slow because a continuation of the
trend would mean that the EU would
reach a 100% diffusion only close to 2030.

renewables at the distribution level, which is
currently a major bottleneck in the EU, and to
enable electrification and demand-side
management (IEA, 2022c). A major problem
here is aging infrastructure and some actors
suggest that an investment increase of
between 50% to 70% is needed through 2030
(Rack, 2021). The EU itself estimated that of
the required EUR 584 billion of total grid
investments, around EUR 400 billion need to
go into the distribution grid alone (including
digitalisation). The EU has recognised the need
for a coordinated approach and has set in
place a planning process for transmission

grids, developed a ten-year network
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development Plan (TYNDP), and is supporting the development of unified network codes
(Kreusel et al., 2022).

The roll-out of smart meters can be regarded as one of the first essential steps to enable the
digitalisation and thus participation of prosumers and demand-side adjustments. The spread of
smart meters was, however, far too slow, reaching only an annual growth rate of 23% per year
over the past years which means that, if this trend continues, the EU will reach a 100% share of
smart meters only around 2030. This hints to the fact that the digitalisation needs to speed up
significantly. For comparison, other jurisdictions such as in California reached a nearly 100% roll-
out of smart meters today (PG&E, 2012). The EC is currently developing indicators to monitor the
future digitalisation of the grid and plans to support European Union Agency for the Cooperation
of Energy Regulators (ACER) and National regulatory authorities (NRAs) to develop smart grid
indicators and benchmarks, which can be used in the future to track the progress of the
digitalisation of grids (EC, 2022e).

Progress towards Enabler 3: Increasing demand and supply flexibility
to enable uptake of variable renewable energy sources

Up until the energy crisis, the EU put an emphasis on gas as the main source for flexibility in the
power supply. The recent energy crisis has intensified the need to find solutions that reduce gas
demand, but other supply-side flexibility
options, such as energy storage have only
Battery storage and
dispatchable renewable
energy additions

This indicator shows past development of
the clean supply-side flexibility options
including storage and dispatchable
renewables in comparison to the EU

been marginally part of the solution so far.
Along these lines, the EU was criticised for not
setting explicit targets for storage in the
REPowerEU plan, or any earlier
communications for that matter (Colthorpe,
2022). The EUs efforts focused mainly on

trajectory of reaching 287 GW in 2030.

There is no historical data for the clean
supply-side flexibility options as there is
not sufficient data available for storage
capacities. The data for dispatchable
renewable sources (EC, 2020f) showed an
annual increase of 0.3 GW between 2016
and 2021, which is on track when
compared to the indicative benchmark of
reaching 173 GW in 2030 requiring no
further increase.

providing better information for storage
technologies (EC, 2023h), and only recently
shifted to providing guidance on how EU
countries can support energy storage (EC,
2023d). The lack of ambition is paralleled by a
lack of transparency. Our analysis shows,
while the growth of dispatchable renewables
is in line with the indicative low levels
projected by the EU of 173 GW there is not
sufficient data for installed storage capacity
within the EU to judge whether the current
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trend is aligned with the future needs of 114 GW. Only the US DOE provides freely available data
on storage capacities, which is outdated and contains only scattered national level data that
cannot be combined into one cohesive EU-wide dataset. This is a significant data gap as energy
storage technologies will play an important role in particular after 2030 and must undergo
significant growth until then (see also section 0).

There is also insufficient data available to help judge the status and progress of demand-side
flexibility (DNV, 2022). Existing data from the
IEA provides one indicative data point, but

without further data it remains unclear what Flexible

the trend looks like. The data point suggests power demand

that in 2017 the total flexible load available in This indicator shows past development of
Europe amounted to around 20% of total ;lgi(:;le e elmane I e 2L (128,

electricity generation, providing an indication
Data is insufficient as there is only one

data point available, and hence no trend
can be derived.

of the scale of potential that exists.
Additionally, there is no data on the market
participation of demand flexibility options.
While the existing EU Electricity Market
Directive calls on Member States to support demand-side flexibility, and the proposed
amendment further enables EU countries develop support schemes for demand flexibility (EC,
2023t), it remains to be seen how effective these will be in guiding EU countries. These reforms
are critical as the lack of policy-making is the major hurdle to allow demand-side management
to compete with supply-side flexibility (IEA, 2018). In the EC’s proposal there are several
elements that could overcome this hurdle, such as the call to define a national objective and/or

the (re)design of capacity mechanisms to accommodate demand-side management.

41.3 Conclusions and recommendations

Renewable electricity generation must further accelerate to
overcome the energy crisis and get the EU on track to achieving
climate neutrality

The last two years have seen a slowdown in the decrease of sectoral emissions due to the
energy crisis and extended drought periods, which has led to an increase in coal power
generation. Measures undertaken to address the energy crisis, such as under REPowerEU, need
to be scrutinized with a view to the long-term transition. Rather than supporting existing coal-

fired power plants further, as currently proposed, energy efficiency efforts should be intensified,
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and the uptake of renewables fast-tracked. The EU must accelerate the transition to renewable
power generation, not rely on fossil fuel power generation as a fallback.

While the EU has recently updated its 2030 renewable target, renewable uptake is hampered by
flawed and insufficiently ambitious policy regimes at Member State level, affecting especially
wind energy. EU efforts to overcome barriers, such as the existing siting problems for onshore
wind or the technological complications associated with offshore wind need to be continued
and intensified. Regular ongoing monitoring and, if necessary, the revision of EU measures
should be applied to guarantee these are effective. Member States must ensure that reforms to
national renewable support schemes, that are often ongoing as a reaction to the high energy
prices following the energy crisis, lead to a higher uptake of renewable energies in line with the
trajectory described in the EU’s own plans.

Coordination and scale-up of grid and clean flexibility options to
ensure a secure decarbonisation of the electricity system

While grid investments have increased in recent years and the overall amount is not far off from
where they should be to be in line with the EU’s own plans, significant investment gaps exist
suggesting that funds are not flowing where they are needed most. and what the impact of an
intensified electrification of the demand sectors would be. Areas that require ongoing
investment are the distribution grids, enabling digitalisation, and interconnection between EU
countries. In addition, the EU needs to continue and intensify its shift of focus from existing
electricity supply-side flexibility options, especially natural gas, towards clean supply-side
options, such as dispatchable renewables and energy storage. Especially energy storage
technologies require clearer targets and incentive mechanisms, both at the EU as well as the
Member State level. Recent efforts by the EU go in the right direction but need to be followed
through.

Efforts on grid and flexibility options should be coordinated to ensure the most effective use of
available public and private investment. Clarification is needed about the role of demand-side
flexibility options is and how these can be intensified to allow them to compete with supply-
side flexibility options. The TYNDP needs alignment with the long-term goal of reaching a clean

energy system.
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Box 2: Highlights from the assessment of Electricity

The electricity sector
emission trajectory is on
track, but underlying
drivers are not

In the past, emission reductions in the sector
were driven by a shift to gas from coal
together with a renewable energy uptake. To
sustain this trend moving forward, renewable
uptake needs to be speed up further, from
1.5% of new generation p.a. to 3.2% p.a., and
the fossil fuel phase-out accelerated.

A coordinated and well-
funded approach to grid
extension is needed across
the EU

While grid investments have been on the rise
in recent years, there remain significant gaps
in certain areas including the distribution grid,
a digitalisation of the grid as well as
transmission capacity between EU countries.
Resources need to be made available to
further develop the grid of the future.

To speed up renewables uptake,
policies in EU countries need
reform, especially for wind

While solar development is largely on track, a significant
increase in efforts is needs to increase wind capacity.
Obstacles keeping wind from growing faster, such as citing
issues, need to be overcome even faster, and renewable
policies in EU countries need to be reformed to enable this
uptake.

The EU needs to continue and intensify the shift from
fossil-based electricity supply-side flexibility options,
especially natural gas, towards clean supply-side options
such as energy storage or and energy. Recent efforts by
the EU to encourage EU countries to incentivise these
need to be followed through with policy development.

A shift from existing gas as
a flexibility option to clean
option is needed

The EU needs to continue and intensify the
shift from fossil-based electricity supply-side
flexibility options, especially natural gas,
towards clean supply-side options such as
energy storage or and energy. Recent efforts
by the EU to encourage EU countries to
incentivise these need to be followed through
with policy development.
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4.2 Mobility

Mobility is essential for connecting people and sustaining economies. For a transformative
shift in the transport sector, reducing motorised transportation, promoting clean modes, and

decarbonising remaining transport are essential.

Overview

Mobility is more than the simple act of transporting people and goods. Instead, it is an integral
part of our lifestyles: it connects people with each other, allows daily commutes to work and
education, brings us to our leisure activities, and assures that global supply chains can function.
It is thus an important pillar of the economy. In the EU, the sector contributes to 5% of the GDP,
employs 10 million people, and is the second-largest area of expenditure (EC, 2020h). The EU
Green Deal outlines that a shift in the ‘existing paradigm of incremental change to fundamental
transformation’ (EC, 20210) has to happen. In the context of the transport sector this means
three things: (1) motorised transportation needs to be minimised and reduced as far as possible
(i.e., avoid/reduce), (2) necessary transportation should be shifted from private, motorised
vehicles to public, and non-motorised low-carbon modes of transport (i.e., shift) and (3) and
remaining road, air, and water transport needs to be decarbonised by shifting the power source

from fossil fuels to clean electricity and sustainable fuels (i.e., improve).

Progress in the mobility sector is far too slow, with none of the three key enablers on track to
meet the EU's climate neutrality targets. The reduction in transport volume (1), which only briefly
occurred during the COVID-19 pandemic, does not seem to be sustained as both total passenger
kilometres and freight volumes seem to rebound to continue to grow at a pace that is
insufficient to avoid disastrous global warming. The shift from private, motorised transport to
public, low-carbon modes (2) is even more concerning. Instead of reducing the share of road
transport and increasing rail usage, both freight and passenger transport are moving in the
wrong direction, exacerbating the problem. However, there are some positive developments,
particularly in the uptake of electric mobility and clean vehicles (3). The adoption of these
technologies is increasing exponentially, with record-high levels of 22% of passenger vehicle
sales in 2022. While this trend is promising, the overall share of the passenger fleet still remains

below 3%, indicating the need for accelerated progress.

This situation reflects the current EU policies, which place a strong emphasis on improving the

efficiency of cars through measures like phasing out combustion engines. Such policies achieve
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the greatest carbon reduction and are best aligned with the TEU subsidiarity principle. Policies
to encourage modal shift are only starting to emerge, which means the necessary shift may have
already begun, albeit with a lag in visible effects. Achieving an overall reduction in transport
requires policies that extend beyond the transport sector and encompass urban planning and
local industries. Although more challenging to address, the EU must now implement
comprehensive policies that encompass all elements simultaneously if it is serious about
meeting its targets. Time is running out, and urgent action is needed to ensure the EU stays on
track with its own climate goals.

4.2.1 Objectives and enablers

To achieve climate neutrality by 2050, and to be in line with the EU Green Deal’s 90% reduction
target for transport-related GHG emissions by 2050, the sector must decarbonise quickly (EC,
2020i). Hence ‘overall emissions in the transport

sector’ is one of the key objective indicators. To Selected indicator:

achieve such reductions the EC has laid out GHG emissions from transport [Mt COse]
milestones for 2030, which amongst other

things include a drastic scale-up of electric

vehicles (EVs) to at least 30 million, a doubling of high-speed rail traffic, and an implementation
of 500 km carbon neutral public transport. Later in the coming decades it also aims at shifting

more freight traffic to rail and scaling up zero-emission vessels and aircrafts (EC, 20210).

Population growth, which is projected to reach a peak in the EU in 2030 (Eurostat, 2019),
increases the challenge to reduce absolute
Selected indicator: emissions in the transport sector. The indicator
Carbon intensity of passenger transport ‘carbon intensity of passenger transport’ shows
[9CO. [ passenger-km] emissions by passenger kilometre, enabling a
look at transport emissions disaggregated from
the external demand factor. This analysis could
be expanded to include the carbon intensity of freight transport (in gCO, / tonne-km) but for
now the focus is non passenger transport as the subsector accounts for roughly three quarters

of the sector’s emissions and low-carbon solutions are more readily available (EEA, 2023c).

Enabler 1: Manage motorised transport demand

Rural landscapes but also the outskirts of European cities often developed around private
vehicle use in such a way that life without access to an automobile is challenging. Continuous
improvements in road infrastructure have led to people getting increasingly accustomed to
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travelling longer distances on a daily basis. Interestingly, as the speed of traffic increased
throughout history, distances grew simultaneously (SES, 2018), hence passenger kilometres are
constantly increasing. One way to reverse this trend of travel time and distance is by clever
urban and regional planning that prioritises shorter distances and allows non-motorised
transport such as cycling and walking to become
feasible alternatives. European cities are already Selected indicator:
leading this change. For example, in Copenhagen

more than half of the population uses non- Share of passenger transport volume by
motorised means for the commute to work and mode (%]
school (49% of the population cycles and
another 6% walk) (City of Copenhagen, 2019). To assess this across the EU, ‘total passenger
transport volume’ shows the average distance travelled per passenger with motorised transport
options. This indicator only looks at absolute values and does not consider how many people

travel with the same vehicle, including public transport or car-sharing.

Globalisation has increased the importance of freight transport and global supply chains.
Vessels and ports are becoming larger as are the volumes of freight transport (Eurostat, 2022d).
Reversing this trend is difficult, as it demands structural change and potentially a perceived cut
in living standards. Consumerism in its conventional and emerging forms, such as on-demand
delivery services, cannot be sustained at current
o levels if freight volume is to decrease.
Selected indicator: Nonetheless, in addition to shifting freight
Total freight transport volume [million transport to rail and other zero emission modes
tonne-km)] of transport, a decrease in overall freight volume
is necessary. ‘Total freight transport volume’

shows developments on this front.

A major issue with the increase of transportation is that the demand for materials will likely rise,
which could potentially strain resources and increase environmental pressures. It is therefore
crucial to adopt sustainable practices and circular economy principles as well as to promote
resource efficiency, recycling, and the use of alternative materials. These include improving
material recovery from end-of-life vehicles, investing in research and development of new

materials, and exploring ways to reduce reliance on critical resources.

Enabler 2: Shift to public mobility
A reduction in car dependency, which is especially high in the EU, and a shift to other transport

modes is necessary to reduce overall emissions in the sector. More environmentally friendly

modes, such as buses, are more efficient because they transport larger numbers of people, and
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some modes also have more sustainable drivetrains, such as electric trains. The relevant
indicator here is ‘share of passenger transport volume by mode’, whereby the impact
assessment of the EU LTS outlines the required changes in road, rail, aviation, and inland
navigation (EC, 2018c).

However, the private passenger car is much more than a means to move people. It impacts
people’s view on work, family-life, leisure, and other social aspects of life. Cars have also
increased urban sprawls, which in turn have increased the necessity for cars, with social
impacts on the work and housing markets. They are also private property and major goods of
individual consumption and hence have a deeper symbolic meaning, often related to social
status (Urry, 2004). These points make a shift away from the use of private vehicles extremely
challenging. However, using cars less, i.e., making fewer trips and traveling shorter distances
while shifting and connecting to other means of transport, could cut emissions in the sector
without completely giving up the benefits of a private vehicle.

Similarly, we also consider the ‘share of freight transport volume by mode’, as heavy goods
vehicles account for 28% of emissions from road transport (Transport & Environment, 2022)
followed by aviation and shipping. Especially the shift from road to rail transport is of
importance here, and also pursued by the EU with a goal to increase rail freight traffic by 50% by
2030 and double it by 2050 (EC, 20210). The related indicator to show progress towards these
targets is ‘share of freight transport volume by mode’.
Selected indicator: The impact assessment of the EU LTS outlines the

same required changes for rail as well as
Share of freight transport volume

benchmarks for road, aviation, and inland navigation
by mode [%)]

(EC, 2018c).

Enabler 3: Implement zero emission and low carbon transport

A shift to zero-emission and low-carbon

transportation to decarbonise the modes of Selected indicator:
transport that are currently in use is probably S E B e e S e
the most enabling transformation for the sector.

This includes, e.g., replacing gasoline or diesel-

powered internal combustion engines (ICE) with electric batteries to make EVs or replacing
diesel, kerosene, and heavy fuel oils with clean fuels. Cars and vans with ICEs can easily be
replaced by fully electric motors, which is shown in the exponential increase of battery EV sales

in the EU that increased from less than 2% in 2019 to over 12% in 2022 (EAFO, 2023). In addition,
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EVs consume roughly one third of the energy that ICE vehicles do, and their lifecycle emissions
are lower already with today’s electricity mix (Bieker, 2021) (Braun & Rid, 2017). Full
decarbonisation through electrification is, however, only possible if the required electricity
comes from clean sources. The EU aims at reaching at least 30 million zero-emission cars by
2030 (EC, 20210). To accelerate the production and sale of EVs, the EU passed a law in October
2022 requiring all newly registered cars and vans to be zero-emissions vehicles by 2035 and
further stipulating that the CO, emissions from new cars and vans must decrease by 55% and
50% by 2030, respectively (EC, 2022l). We track the phase-out of ICEs by looking at both cars
and vans, i.e., the ‘share of EVs in passenger car stock’.

Trucks, busses, and coaches (heavy-goods vehicles) are expected to transition to electric
batteries but also other powertrain technologies, such as hydrogen-powered fuel cells, as the
battery weight needed to power such vehicles and recharging times are major limitations. The
related indicator here is ‘share of zero-emission vehicles (ZEV) in heavy-goods vehicle stock’.

In addition, aviation and shipping must move to cleaner fuels. For shipping, zero-emission fuels
(ZEF) include green hydrogen, ammonia, and captured CO,, sustainable aviation fuels (SAF) are
similar and mainly made from biomass, alcohol,
or electricity. While green hydrogen and Salasad indieara
ammonia are not yet available on scale, the use

of biofuels is highly controversial due to its Share of zero-emission vehicles (ZEV) in
heavy-goods vehicle stock [%)]

impacts on land use and biodiversity (Al-Enazi
et al., 2021). Related indicators, such as the

‘share of sustainable aviation fuels and share of zero-emission shipping fuels in total fuel use’
are not yet included due to their early stage of progress but are under consideration for future

publications.
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4.2.2 Progress towards climate neutrality

Progress towards the objectives

Whereas overall emissions in the European
Union decreased by 32% between 1990 and
2020, the transport sector was the only sector
that saw a rise in emissions (7% increase)
(WEF, 2022). In 2019, before the COVID-19
pandemic, domestic transport was the second
largest source of emissions in the EU,
accounting for a 22% share of all GHG
emissions (EEA, 2023b). GHG emissions in the
transport sector have steadily grown until
2007 and after a decreasing trend until 2013,
started rising steadily again until 2019 (EEA,
2023b).

Restrictions and lifestyle changes during the
COVID-19 pandemic had strong impacts on

CHC emissions from
transport

This indicator shows past development in
EU transport sector GHG emissions (EEA,
2023b) in comparison to the EU target of
reducing CO2 emissions from transport
by 92% in 2050 relative to 2005 (1.5TECH
scenario outlined in LTS) (EC, 2018c).

Data show an annual decrease of 25 Mt
CO.e between 2016 and 2021. To meet
the target, the required annual change
between 2021 and 2050 needs to be

27 Mt CO.e, which is 1.07 times faster
than the current rate of progress.

mobility and emissions in the transport sector, leading to emissions levels in 2020 as low as in

1995. Although there was a rebound in 2021, not all restrictions have loosened, leading to

emissions staying lower than in previous years, which results in an overall negative emissions

trend. Assuming linear continuation of this trend, speed of emission reductions would need to
accelerate 1.07-fold to fully meet the target of a 92% reduction by 2050 as outlined in the

impact assessment of the EU LTS (EC, 2018c). This would be translated into the too slow

category. Due to the strong impact of COVID-19, however, and the fact that the indicator was

going into the wrong direction before the pandemic, the category of this indicator is amended

with expert judgement to far too slow. To turn this around, a set of actions are needed such as

a reduction of overall transport volume, a shift from private, motorized transport to public,

unmotorized transport and a shift to more sustainable power sources.
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Decreasing the carbon intensity of passenger
transport should also be a main goal of EU’s
transport policies. Carbon intensity is a
composite value of emissions by passenger
kilometres; hence it takes into account several
metrics including carbon intensity (and
drivetrain) of vehicles, modal split, occupancy
rates, vehicle kilometres, etc. Little data on EU
level is available for this indicator. Passenger
kilometres in the EU (see enabler 1, indicator 1)
and modal split (see enabler 2, indicator 1)
have not moved into a positive direction in
pre-pandemic times. Similarly, occupancy

Carbon intensity of
passenger transport

This indicator shows past development in
EU emissions intensity of passenger
transport. No benchmark is available from
an official EU source.

There is currently no EU-wide aggregated
data available on carbon intensity of
passenger transport. Data is therefore
insufficient to assess the progress of this
indicator.

rates in the EU decreased from over 2 in the 1970s to 1.5 in the 1990s and (EEA, 2000), more
recent data is not available. Data in other countries (i.e. Ireland) show that carbon intensity in

private cars has remained stable (O’Riordan et al., 2022). Due to a lack of data, this indicator is

rated as insufficient data.

Progress towards enabler 1: Monage motorised transport demand

The EU has not set official targets on the
levels of passenger and freight transport
volume that it wants to reach / aim for. In its
impact assessment of the EU LTS (EC, 2018c)
it however models scenarios that reach net
zero emissions in 2050. In those scenarios, it
allows freight transport volume to grow by
50% to 51%, and passenger transport by 28%
to 32% (compared to 2015); both only slightly
lower than the expected growth in the

baseline scenario (54% and 36% respectively).

Current trends of passenger volume actually
show a decline. This is however a result of
substantially lower passenger transport
volumes during the COVID-19 pandemic in
2020, before which, a steady increase, at more
than twice the allowable rate could be

observed. As it is unclear whether the linear

Total passenger transport
volume

This indicator shows past development in
the growth of passenger transport
volume (Eurostat, 2023n, 2023)) in
comparison to 2050 targets derived from
the most stringent transport activity
growth rates by modes outlined in the
impact assessment of the EU LTS (EC,
2018c).

Data show an annual decline of 174 billion
passenger-km between 2015 and 2020.
To meet the target, the required annual
change between 2020 and 2050 could
increase by 101 billion passenger-km,
which means that this indicator is on
track.
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trend continues, a slight rebound occurs or the rebound occurs at pre pandemic levels, we
make an expert judgement and rate this indicator as too slow. To actively reduce passenger
kilometres, the EU must put stronger emphasis on smart urban planning, where working and
living in proximity becomes possible. Policies to reverting urban sprawl can also lead to shorter
commuting distances. The COVID-19 pandemic showed that less travel, especially on road and
air, is possible, and while it is yet to be seen whether remote work and home office will lead to
lasting change, it shows that policies in the work sector can have positive impacts on transport
emissions (EEA, 2022e). It must however also be noted that due to the heterogeneity of EU
countries, some have higher levels of passenger-km/capita and should strive to reduce their
levels while others actually have some catching up to do.

Freight transport was less impacted by the

Total freight transport pandemic - only a small dip occurred in 2020,

volume which was followed by record high levels of
This indicator shows past development in transported goods in 2021. Assuming a

the growth of freight transport volume continuation of the linear trend, the freight
(Eurostat, 2022j, 2023e, 2023n) in transport sector would surpass the targeted
comparison to 2050 targets derived from goods volume in 2050. Its yearly pace of
the most stringent transport activity growth would need to be reduced from an

growth rates by modes outlined in the
impact assessment of the EU LTS (EC,
2018c).

The data show an annual increase of 38.6
billion tonne-km between 2016 and 2021.
To meet the target, the required annual
change between 2021 and 2030 must be transport sector. The EU must instead focus on
reduced to 26.8 billion tonne-km. policies that promote local sourcing and

annual increase of 38.6 to 26.8 billion tonne-
km to meet the target; it is therefore
decreasing too slowly. As with passenger
kilometres, the policies that will reduce freight

volumes are also only indirectly linked to the

manufacturing, to avoid long supply chains.
Land-use planning can also help to cluster
businesses in certain areas to shorten supply
chains.

Progress towards enabler 2: Shift to public mobility

Data to assess a shift towards public and non-motorised mobility is relatively difficult to obtain,
targets remain vague and it is often unclear what they encompass. Nevertheless, a set of targets
are defined as, for example, outlined in the mobility strategy where the EU states that it aims at
doubling high-speed rail traffic by 2030 and tripling it by 2050, doubling freight rail traffic by
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2050 and making all scheduled collective travel of under 500 km carbon neutral by 2030 (EC,
20210). Here, however, we again refer to the impact assessment of the EU LTS (EC, 2018c),
which lays out a breakout by mode, with
growth rates of road, rail, navigation and
Share of passenger aviation. Unfortunately, it does not lay out
transport volume by ° shares of public transport. However, modes
mode (road) that are not on roads are predominantly

This indicator shows past development in public, while road vehicles have a very high
the share of passenger transport on road private share. For simplicity, we focus here on
(Eurostat, 2023n, 2023j) in comparison to rail and road for passenger transport, which

the EU target of not surpassing a 75%
share of passenger transport in 2050 (EC,
2018¢).

The data show an annual increase of 1%-
points between 2015 and 2020. To meet
the target, the required annual change

are both currently heading into the wrong
direction. In 2020, due to the COVID-19
pandemic, the share of passenger mobility on
road reached record highs, compensating for
the avoided share in air traffic. Before that, the

between 2020 and 2050 needs to be an share of transport on road was decreasing
annual decrease of 0.5%-points, which slowly, and on track to reaching the target of
points into the opposite direction than 75% of all passenger transport in 2050.

the current rate of progress. Similarly, rail transport saw a dip in 2020 after

gradually but very slowly growing. Even then,
however, the rate of growth would have had

to increase almost 4-fold to achieve 10% of passenger kilometres on rail.

Nonetheless, the EU, governments, and the private sector can do a lot to accelerate modal
shifts and reduce travel kilometres. Many European cities grew organically and doing active
urban planning now is difficult but not impossible. Investments in infrastructure, especially bike-
lanes and rail have shown to lead to positive transformations. Employers can also do their bits
by incentivising such modes by i.e. providing their employees monthly passes for the cities
public transit system or providing company bicycles instead of company cars. This is also where
governments can come in, tax and pricing schemes (such as those of company cars) should

always support environmental objectives.

Some European countries are already undertaking policies to push for this shift. Germany, for
example, introduced a nationwide monthly transportation pass for EUR 9 over the summer
months of 2022, mainly to reduce dependency on Russian fossil fuels and support people in
light of inflation. Based on its success, it introduced a follow-up nationwide monthly 49EUR-
ticket on May 1st 2023, which is still highly subsidised and the German government is set to
invest EUR 1.5 billion yearly, while the federal states bring up the same amount

(Bundesregierung, 2023). The EC also seeks ways to incentivise modal shifts to rail such as
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making cross-border tickets easier to use and buy, and the EC plans to propose regulatory
measures to enable innovative and flexible tickets that combine transport modes (EC, 20210).

Freight transport was less impacted by the
pandemic as the entire sector took a dip but Share of freight transport °
this was not reflected in modal shares. Since volume by mode (road)

20 traffic on rail has however been This indicator shows past development in

decreasing, the same year that the shares of the share of freight transport on road
freight transport on roads started growing (Eurostat, 2022j, 2023e, 2023n) in
again. The targets derived from the impact comparison to the EU target of not
assessment of the EU LTS (EC, 2018c) state surpassing a 69% share of passenger

transport in 2050 (EC, 2018c).

The data show an annual increase of
0.6%-points between 2015 and 2020. To
meet the target, the required annual
change between 2020 and 2050 needs to

that at least 24% of freight transport must be
on rail by 2050 and at most 69% on road,
currently, however, we are heading into the
wrong direction to 6% and 95% respectively.

Bringing freight transport from the road to rail be an annual decrease of 0.3%-points,
is another challenge. While Europe has a which points into the opposite direction
substantially better network of passenger than the current rate of progress.

transport than the USA, its freight railways are

much less productive and efficient while

costing much more because, different to the

USA, freight and passenger traffic share the same rail networks in Europe. Therefore, EU freight
rail has much lower flexibility and freight is therefore often moved by night and on shorter trains
(Clausen & Voll, 2013; Furtado, 2013). Further expansion of rail infrastructure is therefore of

critical importance.

Progress towards enabler 3: Implement zero emission and low carbon
transport

In its mobility strategy (EC, 20210) the EU states that it aims at reaching at least 30 million zero-
emission cars by 2030 and that ‘by 2050 nearly all cars, vans, buses as well as new heavy-duty
vehicles will be zero-emission”. In its long-term strategy (EC, 2018c) it elaborates that to reach
net zero emissions by 2050 the share of battery electric and plug-in hybrid cars would be 82%
(with another 16% with fuel-cell drivetrains) in 2050.
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To achieve this, the rate of progress in the
growth of EV stock needs to be seven times
faster than the average rate of growth of the
past five years, assuming linear growth,
making the indicator Far Too Slow. However,
the share of EVs in the yearly car sales in the
EU has started to increase rapidly over the
past years, reaching 22% or almost 6 million in
the EU in 2022 (EAFO, 2023). Because
replacing an entire fleet of combustibles takes
time, there is a lag before this growth can be
observed in the overall vehicle fleet. Hence,
the share of EVs in the vehicle stock remains
limited with only 2.3% of all cars on the road
being powered by clean drivetrains (battery
electric, plug-in hybrid, or hydrogen) (EAFO,
2023).

In this context, it is worth noting that EV
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Share of EVs in
passenger
car stock

This indicator shows past development in
the uptake of electric vehicles in the
passenger car fleet (EAFO, 2023) in
comparison to the EU target of reaching
82% share in electric vehicles in 2050
(EC, 2018c).

Data show an annual increase of 0.41%-
points between 2017 and 2022. To meet
the target, the required annual change
between 2022 and 2050 needs to be
2.8%-points, which is 7 times faster than
the current rate of progress.

deployment is expected to follow an S-curve, where the technology is currently in the

breakthrough stage of adoption. In fact, signs of exponential change are already visible; despite

the seemingly low values in 2021, the fleet size has increased 5-fold in only 4 years and growth

rates are steadily increasing (EAFO, 2023).
Progress in this indicator could thus change
quickly. Europe is a frontrunner in EV
deployment, of the 13 countries with the largest
share of EVs in their fleet, 12 are within Europe
(although non-EU countries Norway and Iceland
are leading the ranking) (IEA, 2023b).

The transition for freight transport is occurring
significantly slower than that of passenger
transport, mainly due to the slower
electrification and the widespread use of diesel
as a fuel source. The clean heavy duty vehicle
fleet in the EU remains small at only 0.06% (IEA,
2023b), and although targets laid out in the
long-term strategy are merely 40% (battery,
plug-in hybrid and fuel cell combined) (EC,

Share of zero emission
vehicles (2EV) in heavy-
goods vehicle stock

This indicator shows past development in
the uptake of zero emissions vehicles in
the heavy-goods vehicle fleet (IEA, 2023b)
in comparison to the more stringent end
of EU target of reaching a combined 40%
share in vehicles powered by batteries or
fuel cells in 2050 (EC, 2018c).

Data show an annual increase of 0.012%-
points between 2017 and 2022. To meet
the target, the required annual change
between 2022 and 2050 needs to be
1.4%-points, which is 122 times faster
than the current rate of progress.
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2018c), stocks would need to grow 122-fold to be aligned with climate neutrality, hence they are
growing far too slow. With strong support from governments, collaboration across the value
chain, and more official goals and targets, shares of clean trucks could start increasing
exponentially and eventually outperform the growth of the entire sector, which is now still
leading to continuously growing GHG emissions (EC, 2023a). The EC has seen this need and is
currently in the process of proposing stronger CO, standards, which are in line with a 45%
reduction of emissions in 2030 (versus 2019), standards that are subject to continuously become
more stringent, culminating at 90% emission reductions for new trucks by 2040 (EC, 2023a).

4.2.3 Conclusions and recommendations

Emissions from the mobility sector must, together with the power sector, lead the European
decarbonisation efforts. For both sectors, at least if aviation and shipping are excluded,
solutions are readily available. A lack of political will is holding the continent back. The EU, as
one of the richest regions on the planet, should lead the change. When assessing the sector it
quickly becomes clear that more concerted action is needed to bring the EU on a trajectory that

is in line with its own goal of reaching climate neutrality in 2050.

Data gaps and impacts of the COVID-19 pandemic make it difficult
to make solid statements on the state of the mobility sector

Data of most indicators in the mobility sector show at least some progress into the right
direction, which is misleading, as the COVID-19 pandemic affected the sector disproportionally in
2020. Many measures related to the pandemic lasted well into 2021, delaying rebound effects.
Hence, many trends now falsely point into the desired direction and it is extremely difficult to
understand the upcoming direction and magnitude of trends. It also differs per subsector and
mode; while for example flexible workplaces and hence less commuting can at least to some
extent be expected to remain, industry has quickly ramped back up and with it old patterns in
freight transport. In addition, a lot of data is not available for all countries or not readily available
at all, requiring a lot of processing. Processing data from different sources, which also don’t
necessarily fully align in terms of country and mode coverage, is always only an approximation

and can be error prone, hence, the data and numeric conclusions must be viewed with caution.

The uptake of electric mobility is promising, but only targeting sales
will not automatically result in a clean vehicle fleet

The most positive development that can be observed without COVID-19 caveats in the mobility

sector is the uptake of electric vehicles, especially light-duty passenger vehicles, where sales
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have reached a record high 22%. Observed non-linear growth suggests that fast growth will even
increase (EAFO, 2023). Purchase subsidies in many EU countries, investments in charging
infrastructure and other incentives both financial and behavioural have made this impressive
uptake possible, as has the relative prosperity of European countries in comparison to a large
number of other regions.

Nevertheless, the sales shares still only mean that one in five new vehicles sold does not
operate on fossil fuels, and in absolute numbers this only translates to a vehicle stock of 2.3%
or slightly short of 6 million cars (EAFO, 2023). To really replace current fleet of cars, incentives
must not only target sales but also stock turnover. With its policies, the EU is mainly targeting
the first; the proposed ground-breaking ban of sales of new combustion engines by 2035 leaves
old, inefficient vehicles untouched, as do the proposed stronger emissions standards for heavy
goods vehicles, which aim at new vehicles only.

Electric mobility is only one part of the puzzle. In order to accelerate
emission reductions, stronger incentives for modal shifts and less
nmobility are needed

Although EV sales shares are indeed promising, the mobility sector can only fully decarbonise if
this is coupled with overall declines in transport volumes and larger shares of public and non-
motorised mobility, both of which, when looking at pre pandemic data, were showing trends far
from where the EU should be heading to. As these transitions go beyond technological

innovation, it is a bit trickier to incentivise the shift.

The EU, governments, and the private sector can do a lot to accelerate modal shifts and reduce
travel kilometres. Policies related to active urban planning, incentivising local industries,
investing in infrastructure, especially bike-lanes and rail, or subsidising low emission modes
such as train travel by introducing smart tax and pricing schemes, are just a few measures that
have locally shown to lead to positive transformations. The EC has already recognised this need,
as it stated in its mobility strategy that it ‘will propose regulatory measures to enable innovative

and flexible tickets that combine various transport modes” (EC, 20210).
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Box 3: Highlights from the assessment of Mobility

EV sales have
reached record levels
in 2022

Sales of electric cars have reached
22% in 2022 in the EU27, far above
the global average of 14%. Of the 14
countries with the highest sales
shares only one lies outside of
Europe.

Promising policies are being
proposed and implemented
on the EU level

Although not quite on track yet, the sector can
be expected to accelerate further in the right
direction, as positive developments on the policy
front are observed. Most prominent of these are
the phase-out of combustion engines but also
the new emissions standards for heavy goods
transport. Efforts towards larger transport
volumes on rail can also have significant impacts
on the sector’s overall emissions.

Trends in modal shares are
going into the right
direction

Already before COVID-19, the shares of
passenger transport on roads were steadily
declining, heading towards levels far below

the anticipated targets. Nevertheless, the
reduction in road transport was almost fully
compensated by growth in the even more
environmentally unfriendly air traffic.

COVID-19 showed that
change is possible

Emissions in the sector dropped substantially in
2020 and subsequent years due to the COVID-19
pandemic. Although this was followed by strong
rebounds, it showed that less travel, especially
on road and air, is possible, and certain lasting
changes, such as remote work and home office,
have shown that behavioural change is not just
possible but can have positive impacts on the
environment as well. In addition, those changes
are not expected to be fully reversed leading to
less overall commuting travel.
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4.3 Industry

Industry is an indispensable element of the EU’s economy. However, the sector is facing
complex decarbonisation challenges requiring a shift in the mix of energy and applied
feedstocks, partly deep modifications to technological processes and efforts in terms of

circular economy.

Overview

Industry' constitutes the backbone of the EU economy, contributing about 20% to the gross
domestic product (GDP) of the bloc in 2021 (Eurostat, 2021b). At the same time, its direct GHG
emissions were equal to 23% of total EU emissions in 2021, pointing to the need for substantial
reductions to achieve the EU’s climate neutrality target in 2050. However, there are major
challenges for industry’s decarbonisation as industrial emissions come not only from fossil fuel
combustion, but also from industrial processes themselves. Several branches within the sector
(such as steel, cement, and basic chemicals) require very high temperatures and/or use fossil
fuels as an input in the production process. For this reason, the decarbonisation of industry
requires a shift in the mix of energy and applied feedstocks and can require deep modifications
to technological processes. According to the impact assessment of the EU 2030 Climate Target
Plan (EC, 2020f), transformation of industry leading to its compatibility with a climate neutral
economy will require increased efforts in terms of circular economy; energy efficiency; energy
system integration; the uptake of renewable heat, electricity, and hydrogen; as well as carbon

capture and storage (CCS).

The transformation of industry to make the sector compatible with climate neutrality has
progressed far too slowly. The reduction of industrial GHG emissions must accelerate by 2.7
times to meet the emissions targets implied by the EC’s modelling. Simultaneously, the share of
clean energy carriers in the total final consumption of energy in industry has been almost
stagnant, and in fact showed a downward trend in the last five years for which the data is
available, even if the overall long-term tendency remains positive. These developments are

accompanied by unsatisfactory changes in the enabling conditions: sluggish uptake of circularity,

T Industry is defined consistently with European Classification of Economic Activities nomenclature as manufacturing
industries and construction, i.e. sections C and F in Eurostat’s NACE Rev. 2.
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hindered changes in terms of energy efficiency, and impossible to monitor deployment of clean
energy carriers along with the necessary infrastructure (due to data limitations). Therefore, going
forward, much more robust policy intervention is needed to steer changes in the industry sector
to facilitate its decarbonisation. The EU has already undertaken action in this respect, e.g., by
reinforcing the EU ETS and introducing sectoral renewable energy shares (RES) and renewable
liquid and gaseous fuels of non-biological origin (RENBO) (‘green hydrogen’) target within the ‘Fit
for 55’ package, as well as by announcing a Green Deal Industrial Plan for the Net-Zero Age (EC,
2023b, 2023r). Still, effective implementation of the agreed policies and further development of
the strategic initiatives enabling industrial decarbonisation in Europe will be necessary for the
sector to maintain its role as one of the cornerstones of the EU economy while simultaneously
reducing its negative impact on the climate.

4.3.1 Objectives and enablers

Objectives: Progressing towards net zero industrial CGHG emissions
with clean energy carriers

Reducing GHG emissions from industry is

required for the sector to contribute to the Selected indicator:

transition to climate neutrality. According to the GHG emissions from industry [Mt COz¢]

impact assessment of the 2030 Climate Target

Plan (EC, 2020f), emission reductions from

industry must reach 18-25% in 2030 and 96-98% in 2050, compared to 2015-levels. The related

indicator for measuring progress in this aspect is ‘GHG emissions from industry’. The indicator is

split into two sub-indicators:

e process emissions — emissions occurring as a result of intentional and unintentional

reactions between substances or their transformation, including the chemical or
electrolytic reduction of metal ores, the thermal decomposition of substances, and the

formation of substances for use as product or feedstock (EC, 2007);

e emissions related to energy use — emissions created in fuel combustion processes.

The split allows monitoring of whether progress is observed equally in those branches of
industry that require the implementation of significant modifications to the production process

for successful decarbonisation (i.e., steel, cement).
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Industry needs to switch to clean energy carriers to allow for the required emission reductions
from fuel combustion. The overall reduction in GHG emissions can be achieved by several
important drivers of partial improvement besides the phase-out of fossil fuels, including e.g.,
coal-to-gas switch, changes in business structure, etc. However, these factors do yet not lay the
essential foundation for reaching net zero emissions in 2050. This can only be achieved through
a deep transformation of the energy and feedstock mix for the sector with direct use of fossil
fuels in industry dropping to less than 20% (Tsiropoulos et al., 2020). The related indicator to
monitor advancement in this area is ‘share of
clean energy carriers in energy and feedstock Sl Telesies
use’, which is a combination of the share of

clean energy carriers in total fuel use and the Share of clean energy carrier in energy
share of clean energy carriers in feedstocks. It iz
thus allows for a more thorough analysis of

decarbonisation of different industry sections.

Enabler 1: Availability of clean energies and infrastructure

Businesses need access to sufficient clean energies/feedstocks and related energy
infrastructure to enable the industrial transformation. The decarbonisation of industry will rely
mostly on electricity, ambient heat, biomass, synthetic fuels, and hydrogen, and to a lesser
extent on other renewables, such as solar or geothermal energy (Tsiropoulos et al., 2020). EU
policy emphasises that electrification, smart gas grids, and the development of networks for CO,
transport will be further important factors in driving the EU transition to a decarbonised
economy, which is outlined in the three priority thematic areas of the Trans-European Networks
for Energy (TEN-E) Regulation.

There are several potential indicators that could
be used to accurately measure progress in terms Selected indicator:

f th ilability of cl i d
of the avalfability of clean energies an Annual production of renewable

infrastructure. ECNO focuses on two crucial hydrogen for industrial use [Mt)

factors: the production of green hydrogen and
the availability of carbon capture and storage
(CCS) infrastructure. The first indicator ‘annual production of renewable hydrogen for industrial
use' shows the EU production of hydrogen, which should be used mostly in industry for no-
regret applications (Agora Energiewende, 2021). The
Lo second indicator ‘CO, injection capacity’ shows the
Selected indicator:
developments of CCS implementation with a focus on
CO; injection capacity [Mt] permanently stored emissions. The EC just proposed to

reach 50 Mt CO.e captured and stored in 2030 (EC,
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2023b). However, data are not collected in a comprehensive and harmonised way across the
Member States yet.

Enabler 2: Circular economy

The circular economy is ‘an economy where the value of products, materials, and resources is
maintained in the economy for as long as possible and the generation of waste is minimised’. A
circular economy is centred around three key principles: (1) reduce, (2) reuse, and (3) recycle. It
allows an extension of the life cycle of products, the minimisation of waste and the creation of
further value through recycling. It can also help to reduce pressure on limited natural resources.
These qualities make the circular economy a potentially highly cost-effective means of reducing
GHG emissions from industry, as they imply lower upstream emissions and lower overall energy
and feedstock input. However, quantification of the scale of GHG impacts caused by circular
actions is very challenging, as the ‘diverse nature of the circular economy makes evaluating its
full impact on GHG emissions complex and expensive’ (Trinomics, 2018). Nevertheless, the EC
published circular economy indicators for the first time in 2018 in four key areas: (1) production
and consumption, (2) waste management, (3) secondary raw materials, and (4) competitiveness
and innovation. In 2023, Eurostat announced a revision of the circularity monitoring framework,

aligning it with the requirements of the new Circular Economy Action Plan (EC, 2020c).

A key indicator is the ‘circular material use rate’, which is defined as the share of material
recycled and fed back into the economy. It reflects
Selected indicator: efforts to collect waste for recycling and recovery
Circular material use rate [%] thus saving on the extraction and processing of
primary raw materials (Eurostat, 2021a). The Circular
Economy Action Plan (EC, 2020c) outlines a target to

double the EU’s circular material use rate by 2030 (relative to 2020).

In addition, resource productivity, defined as the ratio of gross domestic product (GDP) to
domestic material consumption allows monitoring of the economic growth per unit of resources
(Eurostat, 2022g). This shows how efficiently resources are used in a broader sense — not only
measured by the amount of waste but also by the

value of the output. Resource productivity is Selected indicator:

measured in purchasing power standard, and thus it
is adjusted for general inflation but does not capture Resource productivity [PPS/kg]

sector-specific inflation.
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Enabler 3: Energy efficient industrial processes

Increasing the energy efficiency of industrial processes can serve as an indirect means of
reducing GHG emissions from industry. That is because lowering the energy needs of the sector
would lead to lowering its fossil fuel use even without making any meaningful changes to the
energy mix. Increasing the energy efficiency of industrial processes also has the positive
externality of saving more affordable clean energy for other economic sectors. In the past
decade, industry has made significant progress in terms of optimising production with respect to
energy use, but a significant potential for further energy savings remains (EC, 2021g).

The related indicator here is ‘final energy

consumed in industry’. The impact assessment Selected indicators:
of the 2030 Climate Target Plan (EC, 2020f)
shows that final energy consumption in industry
should be 22-28% lower in 2030 and 22-30%
lower in 2050 relative to 2005. In addition, Energy intensity of output [Mtoe/EUR]
‘energy intensity of output’ shows the amount of

Final energy consumed in industry
[(Mtoe]

energy used to produce a given level of output.

Monitoring changes on this indicator will help to distinguish between lower energy consumption
in industry resulting from a reduction in economic activity and that resulting from the actual
enhancement of energy efficiency in industrial processes.

4.3.2 Progress towards climate neutrality

Progress towards the objectives: Progressing towards net zero
industrial GHG emissions with clean energy carriers

The trajectory of the industrial emissions is heading in the right direction, but the rate of
progress is far too slow to meet the industrial emission targets implied by the impact
assessment to the Climate Target Plan (EC, 2020f). Here, a successful industry decarbonisation
scenario assumes the reduction of emissions by ca. 22% in 2030 and by ca. 97% in 2050 (relative
to 2015 levels). Past development of both components of industrial emissions: energy use and

product use emissions?, follow similar path in the period since the data started to be reported in

2 Average share of process emissions in the overall aggregate in the period 2001-2021 was equal to 43.2%.
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1990; nevertheless, the smaller scale of
process emission reduction over that period
(28.5%, compared to 39.7% of reduction in
energy use emissions) shows that there is
higher persistence of process emissions in the
hard-to-abate sectors (such as e.g. steel,
cement, and basic chemicals). Gradual
decrease until 2007 was followed by a more
sudden drop in the next two years, a
consequence of an economic downturn in that
period. After subsequent rise in 2010, both
kinds of emissions were subject to slow
decrease again, with a small uptick in 2021.
The aggregate emissions decreased between
2016 and 2021 by 9.5 Mt CO,e; starting from
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CHG emissions from
industry

This indicator shows past development in
net-zero industrial GHG emissions (EEA,
2023b) in comparison to the EU target of
reaching industrial emissions levels of
23.1 Mt COqe in 2050 (EC, 2020f).

The data show an annual decrease of 9.5
Mt CO.e between 2016 and 2021. To meet
the target, the required annual change
between 2021 and 2030 needs to be 2.7
times faster than the current rate of
progress.

2021, the reductions have to increase to 25.3 Mt which is 2.7 times faster to achieve the target.

The objective of increasing the share of clean energy carriers in the energy mix, is measured by

an indicator that is limited in its scope, meaning it takes into account only a share of electricity,

renewables and biofuels in the industry’s final consumption of energy (Eurostat, 2023b). Other

energy carriers which can be considered ‘clean’ (e.g. green hydrogen) are not covered due to lack

of data coverage in the Eurostat dataset. The indicator, over longer time horizon, shows very

Share of clean energy
carrier in energy and
feedstock use

)

This indicator shows past development in
share of clean energy carrier in energy and
feedstock use (Eurostat, 2023b). No
benchmark is available from an official EU
source.

The data show an annual decrease of 0.1%
between 2016 and 2021. This development
was heading in the wrong direction.

gradual and slow increase (from the value of
22.8% in 1990 to 31.2% in 2021); however, in
the period 2016-2021 part of the earlier
progress was cancelled out, and the average
annual rate of change for that time is
equivalent to the decrease of 0.1%, which
means that the changes in the indicator values
have to reverse direction in order to be
compatible with climate neutrality. The
decrease in the share of clean energy carriers
accompanying the reduction of the GHG
emissions in industry shows that in the
medium term, emissions can drop without
meaningful transformation of the energy mix,

and thus both indicators require monitoring.
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Progress towards enabler 1: Availability of clean energies and
infrastructure

Currently there are no available indicators at the EU level that can be used to assess the
availability of clean energies and infrastructure relevant for deployment of key industrial
decarbonisation technologies. Since without consistent tracking of the policy outcomes it is not
possible to design effective strategic and support policies, establishing comprehensive
monitoring framework in this area should become one of the priorities for European policy-
makers. This is important especially in the light of EU’s recent legislative acts (REPowerEU (EC,
2022j) and Net Zero Industry Act (EC, 2023r)), which contain official targets related to availability
of clean energies and infrastructure, such as 10 Mt of annual production of renewable hydrogen
for industrial use (a recent study by Agora Energiewende (2023) shows that reaching this target
may be equivalent to exceeding the actual needs of the sector in 2030) and 50 Mt of annual CO,

injection capacity, both to be reached by 2030.

Annual production of

renewable hydrogen for CO. injection capacity

industrial use For now, there is no EU-wide

For now, there is no EU-wide aggregated aggregated data on CO, injection capacity.
data on annual production of renewable For now, there is no EU-wide aggregated
hydrogen for industrial use. data on CO2 injection capacity.
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Progress towards enabler 2: Circular economy

Circular material use rate had been growing quite slowly since 2004, when the data started to
be reported, until 2018. Since then, it has been stagnant until 2021 at the value of 11.7%,
temporarily increasing to 12% in 2019. That is equivalent to average annual increase of 0.1%-

points between 2016 and 2021. The progress in terms of this indicator is far too slow to meet

the target implied by the Circular Economy Action Plan (EC, 2020c), which assumed doubling the

2020 value by 2030. For that requirement to

be met, the rate of increase would have to be
24 times higher than in the period 2016-2021.

The regulatory and advisory actions
undertaken under the Circular Economy
Action Plan (such as e.g. revision of EU rules
on Packaging and Packaging Waste, proposal
for a Directive on green claims or revision of
the Industrial Emissions Directive) should in
the future support acceleration of progress
towards more circular economy; however,
since most of the actions were implemented
only in 2021 or later, it is expected that the
effect of these initiatives is not reflected in

data yet.

Resource productivity

This indicator shows past development in
resource productivity. No benchmark is
available from an official EU source.

The data show an annual increase of 2.0%
between 2016 and 2021. This development
was heading in the right direction but
should accelerate in the future.

Circular material use rate

This indicator shows past development in
in circular material use rate (Eurostat,
2021a) in comparison to the EU target of
doubling circular material use rate in
2030 from 2020 levels (EC, 2020c).

The data show an annual increase of 0.1%
between 2016 and 2021. To meet the
target, the required annual change
between 2021 and 2030 needs to be 24
times faster than the current rate of
progress.

Resource productivity, which is a measure on
the amount of materials used per unit of GDP,
is an important indicator under UN’s
Sustainable Development Goals, included in
Goal 12 - responsible consumption and
production. Resource productivity has
experienced slowing growth since 2000, when
the data was first recorded. Average annual
rate of increase for the whole period since
2000 was 3.2%, with pace of improvement
falling in the period 2016-2021 to 2.0%. While
general direction of changes of this indicator is

a positive development, its slower improvement in the recent past is concerning.
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Progress towards enabler 3: Energy efficient industrial processes

Energy efficiency plays an important role in
industry decarbonisation, with a potential to
deliver relatively fast and cheap reductions in
GHG emissions. However, the data about final
energy consumption in industry for the past
20 years show that progress in terms of
energy efficiency in industry is limited. Since
1993, the amount of energy consumed by
industry had been growing, until it dropped by
15% in the period of 2007 to 2009, which
reflects economic downturn of that period.

Final energy consumption

in industry

This indicator shows past development in
final energy consumption in industry
(Eurostat, 2023b). No benchmark is
available from an official EU source.

The data show an annual decrease of 0.1%
between 2016 and 2021. This development
was far too slow.

This positive development was partially offset in the following years, although the amount of

energy consumed in industry has never come back to its 2007 peak. Value of the indicator has

not formed a clear trend since then, hovering around similar level for a decade, with minor

annual changes amounting to an average annual decrease of 0.01% between 2016 and 2021. This

development is concerning and the pace of changes is far too slow.

Another measure chosen to monitor progress
in implementation of energy efficiency in
industry is energy intensity of output. In the
last 5 years, the amount of energy needed to
produce one unit of GDP has been falling
slowly but steadily, with average annual
decrease of 0.6% between 2016 and 2021. The
rate of economic growth in industry over this
period was faster than the rate of increase in
final energy consumption, which is why the
indicator’s value dropped. Although the
direction of changes of the indicator is
compatible with climate targets of the EU, the
pace of progress is far too slow.

Energy intensity of
output

This indicator shows past development in
the energy intensity of output (Eurostat,
2023b). No benchmark is available from
an official EU source.

The data show an annual decrease of
0.6% between 2016 and 2021. This
development was heading in the right
direction but was far too slow.

4.3.3 Conclusions and recommendations

The analysis of the set of chosen indicators leads to a conclusion that transformation of the

industry sector has been stagnant, and that additional efforts on many fronts are needed to
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stimulate structural shifts in industry, which would allow this sector to become compatible with
climate neutrality until 2050.

Industrial emissions are declining too slowly, while structural
changes in industrial energy mix are stagnant

Emissions of GHG from the industry sector decreased annually on average by 9.5 Mt CO.e
between 2016 and 2021, which is insufficient to meet the implied policy targets. To make it
possible, the required annual change between 2021 and 2030 needs to be 25.3 Mt CO,e, which is
2.7 times faster than the current rate of progress. Simultaneously, there is no sign of progress in
terms of increasing share of clean energy carriers used by industry, which could signal upcoming
acceleration of GHG emission reduction. The share of clean energies in final energy consumption
in industry fell on average by 0.1% annually in the period 2016-2021, reaching 31.2%. However, it
is worth to note that long-term tendency is favourable, and the stagnation of progress came
only at the end of whole inspected period (1990-2021). Another caveat to the analysis of this
indicator lies in the fact that — due to data limitations - it takes into account only electricity,
renewables and biofuels as ‘clean energy carriers’. In the future, ECNO intends to also include
green hydrogen in this category, which is bound to play an important role in the industrial
decarbonisation. However, for this report, even if currently available Eurostat databases made it
possible to track green hydrogen consumption, it would not have a significant impact on our

conclusions, as it remained a niche energy option in the assessed period.

Public statistics need to be extended to allow monitoring of the
developments in the area of availability of clean energies and
infrastructure

For now, there are many aspects of industrial transformation which are not covered by
systematic monitoring framework. ECNQO’s preference would be to track annual production of
renewable hydrogen for industrial use and CO, injection capacity, but there are many potential
related indicators that could be of value both for policy-makers and economic agents (such as
percent of industrial sites using CCUS technologies/hydrogen, percentage of emissions covered
by CCUS, hydrogen network capacity etc.), so that they can make knowledge-based decisions
which are simultaneously best choices for climate protection. Therefore, ECNO’s
recommendation is to start developing monitoring framework related to the industry
decarbonisation, especially in the light of adoption of official EU targets related to this area.
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Enabling conditions for industry transformation need to improve
faster

Progress in terms of both measurable industrial enablers - circular economy and energy
efficient industrial processes — was far too slow. There is a potential for faster improvement of
circularity indicators, since the EU policies implemented in the last three years under the
Circular Economy Action Plan (EC, 2020c) and actions planned in the future under this
framework should enhance circularity’s uptake. What remains concerning is a very slow rate of
decrease of final energy consumption in industry and the energy intensity of output. However,
significant changes of enabling conditions for industry would require structural shift in industrial
processes, which would in turn call for increased investment of both government and private
sector. Implementation of policies supporting such investment is another recommendation in
the area of industry decarbonisation.

Investment in industry decarbonisation should come as soon as
possible ahead of the phase-out of ETS free allowances

One of the most impactful policy tools used by the EU in order to facilitate transition towards
climate neutrality (including industry decarbonisation) is the EU ETS system. The system’s
recent revision, adopted in 2021, aimed at aligning the scheme with 2030 target of reducing
emissions by 55% in 2030 (relative to 1990 levels). The revision introduced a plan of gradual
phase-out of free emission allowances in many industrial sectors in the period of 2