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Institut Rousseau is a think tank gathering intellectuals, researchers, civil servants, and private
sector workers committed to implementing the environmental transition and to strengthening
democracy in all their economic, social and institutional aspects.

In March 2022, Institut Rousseau published the report 2% for 2°C’, which estimated the public and
private investment needed to set France on track to meet its net zero objective in 2050.

Since its creation in March 2020, Institut Rousseau has published more than 200 policy notes,
mobilising the necessary expertise in relevant fields and influencing public debate by proposing
innovative, concrete and operational public policies. These publications provide the material to
invent and build the future, aiming to set a course by describing the means to achieve it.

Visit our website: institut-rousseau.fr

The institute is mostly funded by its members and donations: feel free to support us!
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Greenhouse
gas levels are
record-high.
Global temperatures
are record-high.

Sea level rise is record-high.
Antarctic sea ice is record-low.
Its a deafening cacophony
of broken records:

Professor Petteri Taalas, Secretary General
of the World Meteorological
Organisation, 2023

In a press release from 29 November 2023,
the World Meteorological Organisation confir-
med that 2023 was set to be the warmest year
on record, emphasising the need to act now to
limit the risks of an increasingly inhospitable
climate in this century.

Over the past three decades, the European
Union has positioned itself as a guardian of a
relatively steady improvement in environmen-
tal and public health preservation. This has
been achieved by implementing common stan-
dards and integrating numerous instruments
for the protection of nature and public health
into national laws.

Even though these advances have some-
times been slow, and occasionally perceived
as contradictory to certain other EU policies
(such as free trade agreements or the Common
Agricultural Policy), or caused tensions within
the Parliament’s changing political landscape,
the environmental protection goal has more or
less prevailed.

In the past 2 years, the European Union embar-
ked on a legislative sprint to implement the
Green Deal and align itself with the Paris Agree-
ment. It adopted 32 policies — spanning from
the phasing out of internal combustion engines
by 2035 to the introduction of a carbon bor-
der adjustment mechanism - to reduce CO,-eq

emissions by 55% by 2030 compared to 1990
(the ‘Fit for 55’ package) and achieve carbon
neutrality by 2050.

Yet, tangible emission reductions are still lag-
ging behind and the progress of European envi-
ronmental policies relies on a delicate political
balance. Struggles over the nature restoration
project, postponing chemical regulation reform
indefinitely, re-authorising glyphosate for a
decade, and rejecting pesticide use regulation,
are only a few examples of this. Furthermore,
in June 2023, certain European heads of state
endorsed a declaration calling for a ‘regulatory
pause’ on the Green Deal".

Meanwhile, in a recent assessment of the
effort-sharing legislation (which covers the
62% of UE-27 total GHG emissions that are not
included in the EU Emission Trading System,
or ETS), the European Environment Agency
assessed that no EU-27 country, except for
Greece, was on track to meet its national 2030
emission reduction targets>. In a recently publi-
shed report addressing the necessity of sustai-
ning current habitability conditions on Earth,
the Club of Rome deemed current transition
policies ‘Too Little, Too Late.? Their analysis
underlines that the excessively slow reduction
of greenhouse gas emissions and the continued
collapse of biodiversity are propelling humanity
toward a precipice.

Given increasing resistance to climate poli-
cies within the EU, and the inability to meet
medium-term emissions reduction targets,
committing to net zero transition is ever more
vital. These commitments should build on a
sound and objective assessment of the current
policy trends across the EU.

The discrepancy between the EU’s ambitious
goals and its limited policies, both at the EU and
member state levels, is mostly due to financial
obstacles. In addition to inconsistent pro-fossil
policies, the current economic climate, particu-
larly European budgetary rules, has constrained
States in their ability to deliver the investment
required to implement transition policies. The-
refore, public and private investments are both
the primary hindrance to realising these poli-
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cies and the most accurate lens to measure the
commitment levels of European and national
authorities.

Building on these considerations, Institut Rous-
seau has created this comprehensive report to
quantify the existing gap with a disaggregated
sectoral and country-level view. The collective
extra-investment required to implement all
decarbonisation measures needed to reach net
zero by 2050 is estimated at €10 trillion, or an

Notes

European’s People Party, 29 June 2023, EEP Summit Statement.

average of €360 billion per year. This investment
represents around 2.3% of the current EU-27 GDP.
These estimations cover the financial needs to
fund the targeted sectoral emission reductions
across all activities to reach 519 million tons of
CO,-eq per year by 2050 (-85% reduction, com-
pensated by carbon sinks for net neutrality).
This detailed assessment covers the required
extra investment compared to a business-as-
usual (BaU) scenario. It is both country- and
sector-specific with estimates of the cumula-
tive investment, as well as the annual average
until 2050. Additionally, the report provides a
clear roadmap to bridge the investment gap,
highlighting actionable measures balanced
between public and private funding, depending
on the investment.

This report is the result of extensive work
conducted by Institut Rousseau, a French think-
tank specialising in public transition policies, in
close dialogue with Member States’ administra-
tions, companies and NGOs with expertise in the
studied sectors and countries. By addressing
this critical aspect, this study aims to contribute
to ongoing debates within the EU regarding the
efforts required to reach our common envi-
ronmental targets, a few months before the
European elections. It calls for urgent actions
in support of drastic emission reductions, to
achieve our shared environmental goals.

European Environment Agency, 2023, Climate and Energy in the EU.

Club of Rome, 2023, Earth for All: A Survival Guide for Humanity.
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0 Main questions addressed by this report

1. Which public and private investments are needed to achieve the transition to carbon neutrality
in Europe by 2050?

2. How do these investment amounts compare to the existing planned investments in a business-
as-usual scenario of similar scope?

3. What measures can the public sector employ to guide, support and accelerate this transition?
What would be their cost for public finances?

A 3-step methodology was used to answer these questions. For further insights into the underlying
approach and assumptions, please refer to the Methodological Appendix.

o List the decarbonisation levers required for each sector m II{\gL-TgSL.JETAU
‘ v Convert vehicles to low-carbon technologies
v Efficiently renovate housing
x 37

v Increase material efficiency in the industry
Etc.

a Establish a Business-as-Usual scenario and a Transition scenario, then calculate their
respective costs

Transition scenario Business-as-usual scenario (BaU)
Number of vehicles, % of electric
Number of buildings renovated € €
% of raw materials recycled
Y e TRANSITION BaU
2050 2050

e Define public measures for each lever in the 2 scenarios and compute their costs

Convert vehicles to low-carbon technologies Reinforce conversion subsidies
Renovate buildings Reinforce renovation subsidies
Etc. Etc.
37 LEVERS 70+ PUBLIC MEASURES

Study scope, kRey definitions and main limitations 16



This study is informed by a transition scenario aiming for carbon neutrality by 2050, in contrast to
a baseline scenario (or business-as-usual scenario, extending current trends and policies). While
the scenarios described are primarily physical (‘what ought to be materially transformed for our
society to be carbon-neutral?’), the present study is essentially economic, focusing on financing
the described transformations.

Seven major countries are studied in detail: France, Germany, Italy, Spain, the Netherlands, Poland
and Sweden. These countries represent approximately 77% of EU-27 GDP and 73% of domestic
emissions. For each of the 37 decarbonisation levers and 70+ public policies, all modelling outputs
(emissions reductions, public and private investments and extra-investments) are computed both

at the country scale (for each of the 7 countries) and at the EU-27 scale.

Two additional questions will be addressed by future Institut Rousseau reports:

4. How can the private and public sectors finance these investments?

5. What are the advantages of undertaking this ecological transition, and how do the benefits,
including economic gains, offset the associated investments?

Key definitions to understand

the methodology

* Investments: The definition of ‘investments’
used here is broad, based on the notion of
‘investment costs’ in a project or asset. It refers
to initial costs to implement a change (capital
expenditure or CAPEX) and excludes so-called
‘operational’ or ‘operating’ costs that arise
during the project (operational expenditure
or OPEX). This definition is not constrained
to a purely accounting perspective and will
designate, for simplicity's sake, subjects and
types of economic flows that are considerably
broader and more heterogeneous, especially
in the public sphere: direct public expendi-
tures (e.g., investments in public transporta-
tion, renovation of public buildings) or indirect
public assistance for private investments (e.g.,
subsidies, automotive conversion incentives),
transfer mechanisms between private actors
passing through public accounts (e.g., gua-
ranteed selling prices for renewable energy
producers), decreases in tax revenues, etc.
For ease of language, the terms ‘cost’ or ‘extra
cost’ compared to the trend are sometimes
used to designate these same investments.
Values are given in euros for 2022.

* Net zero or net carbon neutrality: The current
objective set by most political institutions,
including the European Union, is a ‘net’ objec-
tive, meaning it does not aim to completely
stop emitting greenhouse gases by 2050 but
rather to minimise emissions and absorb
what cannot be reduced through carbon sinks
(especially forests, which absorb atmospheric
CO, during their growth). This study adopts
the same logic, but aims to leverage carbon
sinks (which have their own limitations) only
as a last resort, after effectively decarbonising
everything possible.

Additionally, the net zero objective must
align with the ‘carbon budget’, indicating the
allowable cumulative GHG emissions to stay
within the Paris Agreement's temperature goals.
Achieving net zero thus requires consistent
efforts starting now, with particular emphasis
on substantial emissions reduction before 2030.

Study scope, kRey definitions and main limitations



€) Main limitations of this exercise

SGAIPEN  Main limits of the present study

Scope of work

Carbon neutrality VS
Ecological transition

Domestic emissions VS
Carbon footprint

Capital Expenditures
(CAPEX) VS Operational
Expenditures (OPEX)

* The cost of the entire ecological transition is
not quantified here; only the cost of achieving
carbon neutrality by 2050 is considered. Other
environmental issues, such as biodiversity
preservation (addressing the ongoing sixth
mass extinction), water management, chemical
soil and process decontamination, etc., require
equally important attention (cf. Appendix Ax.
regarding biodiversity). Investments in these
areas are justified and necessary but for
methodological reasons, they are not directly
included in this study, although several pro-
posed investments also contribute to addres-
sing these issues. The amounts provided in our
study thus represent a baseline for achieving
carbon neutrality but should be significantly
revised upwards by incorporating other eco-
logical challenges. This will be the subject of
future work. Additionally, as explained earlier,
operational costs are not directly accounted
for in the totals, such as the VAT reductions
recommended for transportation, food, or a
portion of production subsidies in energy. For
all these reasons, the extra cost for the public
authority given here constitutes a baseline
based on very cautious estimates.

Level of detail

Emphasis on budgetary
public measures

K

Ballpark estimates for public
subsidies

. Undifferentiated public
3 entities (local authorities,
national governments, EU)

 The same applies to investments needed for
Europe to adapt to climate change conse-
quences.

 The greenhouse gas emissions considered
here are solely territorial, i.e., emitted on
European soil, to align with the Green Deal.
However, Europe's carbon footprint, accoun-
ting for the carbon impact of all imported pro-
ducts, is much broader. While these aspects
are addressed whenever possible (emissions
related to international aviation, management
of carbon leakage through a carbon border
adjustment mechanism for Europe, etc.), the
associated costs are not quantified in the
study. This also applies to Member States’
contributions to the UN Green Fund, an invest-
ment known to be necessary but aimed at
supporting the decarbonisation of other coun-
tries.

« The intrinsic economic or financial profitability
of investments and their impact on economic
actors (production costs, household budgets)
is not systematically studied, except in specific
cases.

Study scope, kRey definitions and main limitations



*The suggested public support measures
concentrate on those with substantial bud-
getary or fiscal allocations. The approach fol-
lowed in this report is fiscal rather than regu-
latory; we do not systematically address the
legislative and regulatory measures that will
inevitably accompany investment deployment.
Nevertheless, the most pivotal regulatory
measures or those serving as prerequisites
for investments are outlined. Furthermore,
this study acknowledges the operational
complexity in implementing this transition,
and does not systematically describe all the
conditions essential to successfully execute
the quantified action plan.

* Public support is sized only by an order of
maghnitude. A specific modelling of case stu-
dies, measure by measure, would be necessary
to determine the subsidy required to balance
incentive for private actors and windfall
effects or abuse resulting from an overes-
timation of needs. Similarly, while general
guidance is given on the distribution of public
support based on social or economic criteria
(e.g., higher coverage rates for low-income
households, prioritisation of SMEs with limited

investment leeway, etc.), the exact scales of
the schemes are not detailed.

* Public investments do not distinguish between
costs that will be borne by the Member States
and those that will be borne by European or
local authorities. Determining distribution
between national and infra-national levels is
contingent upon the governance structure of
each Member State. However, this distinction
is deemed inconsequential due to the ove-
rarching nature of public investment in both
cases. Similarly, the allocation between the
European and national levels is recognised
as a matter of policy and political choices,
with the responsibility for decision-making
belonging to the Parliament.

Finally, investments are considered to start
in early 2024 and end in late 2050, spanning
27 years. The reference for current emissions,
from the European Environment Agency’, is
2021, as official 2022 and 2023 emissions were
not yet available at the time this report was
drafted. The emission variations of Europe
between 2021 and 2023 are thus not factored
into this study.

Integration of biodiversity and broader nature-related considerations

This report focuses on reducing GHG
emissions and does not address broader
human impacts on nature. Consequently,
the investments linked to the Road to Net
Zero scenario should be considered as a
baseline for initiating a comprehensive
ecological transition.

However, since climate change significantly
influences various environmental challen-

ges, adopting the RtoNZ scenario would
effectively mitigate other environmental
pressures. Notably, transitioning to agroe-
cology and investing in safeguarding and
expanding natural ecosystems within the
LULUCF sector substantially contribute to
preventing biodiversity loss and adapting
to climate change.

More details are provided in Appendix A.l.

Study scope, kRey definitions and main limitations



Impact of this scenario on critical material resource use

Concerns about potential bottlenecks in
procuring materials critical to the transi-
tion are regularly raised.

To assess this risk, the critical raw material?
requirements of the Road to Net Zero transi-
tion scenario were assessed and compared
with the available reserves and resources®
(reserves are economically viable deposits
with current technologies, while resources
encompass all known deposits, whether
economically extractable or not). This
showed that the transition scenario is
associated with significant tensions over

four products (nickel, lithium, copper and
cobalt), despite significant sufficiency mea-
sures aimed at reducing such resource use.
Further research and policy proposals
need to be considered beyond what is
proposed in this report to soothe such
tensions, with the ambition to achieve
(and not just proclaim) global environ-
mental justice.

Detailed results are presented in Appendix
A.2. A discussion of the geopolitical, envi-
ronmental and social risks associated with
mining is given in Appendix A.3.

Notes

European Environment Agency, 2023, ‘Emissions data viewer',

The definition of critical raw materials adopted here is that of the EU Raw Materials Information System (RMIS).

The estimates for reserves and resources are taken from the Energy Transitions Commission (ETC), 2023, Material and Resource
Requirements for the Energy Transition.
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0 What levels of public and private investment
are needed to meet the challenges?

This section covers a synopsis of targeted
sectoral emission reductions across all activi-
ties, a concise outline of total and sector-speci-

fic required investments, a comparative analysis
with existing literature, and a discussion around
the 2030 Fit-for-55 objective’.

m What emissions are considered here? What levels of
decarbonisation can be expected? What tools are available to

attain these?

Every essential aspect of our personal and
collective existence is currently associated with
greenhouse gas emissions. This encompasses
transportation, nutrition, housing, lighting,
heating, and the acquisition of various com-
modities.

100% 800

75% 600

50% 400

Figure 2.1. below illustrates the distribution
of these emissions across the sectors of the
European (and main countries) economy res-
ponsible for delivering these diverse services.

B ) J I .
0 0 l - . —

EU-27 France Germany
Waste Buildings ® Industry
Energy production @ Agriculture ® Transport

Europe's territorial emissions are primarily due
to energy production (26%), the transport of
goods and people (23%) and industry (22%).
Agriculture and buildings (which consume
energy for heating, lighting, cooking, ventila-
tion, etc.) follow in relatively equal proportions
(around 13% each). Waste management consti-
tutes the remaining 3%, primarily attributed to

Italy Spain  Netherlands Poland Sweden

=== INSTITUT
T ROUSSEAU

methane emissions resulting from the natural
decomposition of organic waste in landfills.

Each sector has the potential for significant or
complete emissions reduction through targe-
ted actions. Our simulated transition scenario
achieves a stringent 86% reduction in the EU's
annual emissions compared to 2021, resulting in
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a residual of 519 million tons of CO,-eq in 2050.
While Europe met its 2020 target, it is currently
not on track to meet this 2050 objective, nor its
Fit-for-55 2030 target, as shown in Figure 2.2.

The European Climate Law set binding targets to
achieve climate neutrality by 2050 and reduce
net GHG emissions by at least 55% in 2030 com-
pared to 1990. In 2021, emissions had dropped
by 30% compared to 1990, with a further 1.9%
estimated reduction between 2021 and 2022,
mainly due to the energy crisis’.

To meet the 2030 climate target, the average
annual rate of absolute GHG emission reduc-
tions must triple compared to the past decade.
Current and planned EU policies are expected to
support this acceleration, with Member States
projecting a 43% reduction in net emissions by
2030 (compared to 1990) based on existing poli-
cies. Factoring in planned additional measures
could increase the projected reduction to 48%.
This leaves a 7 to 20 percentage point gap to
the 2030 target, which requires swift action.

Past UE-27 domestic emissions (MtCO,-eq per year) and progress towards achieving 2030
and 2050 targets, in million tons of CO, equivalent (MtCO,e).*

4000

3000

2000

1000

0

1990 1995 2000 2005 2010 2015

— Total net emissions
m EU 2020 target

x Projection WEM
« Fit-for-55 2030 target

WEM: With Existing Measures.

Beyond 2030, the gap widens, with current and
planned measures projecting a 60% reduction
by 2040 and 64% by 2050, indicating the need
for transformative policies across all sectors to
achieve climate neutrality.

© RtoNZ net zero target

2020 2025 2030 2035 2040 2045 2050

== INSTITUT
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The 2050 net zero target can be achieved
through the radical reduction of emissions in
every sector, as shown in Figure 2.3.
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Achieving such low emissions necessitates a
complete phasing out of fossil fuels (gas, oil,
and coal), resulting in a near-total decarbonisa-
tion in energy production, as well as the trans-
portation and construction sectors. The most
challenging sectors to decarbonise include:

* Agriculture (-53%): challenges arise from
methane emissions linked to ruminant lives-
tock (correlated with herd size and ultimately
meat consumption in the EU) and the use of
nitrogen fertilisers, leading to nitrous oxide
(N,0) emissions.

» Industry (-77%): industrial activities generate
diffuse emissions that are challenging to cap-
ture.

» Waste (-77%): challenging-to-eliminate emis-
sions associated with wastewater treatment,
incineration of hard-to-recycle-or-reduce fos-
sil waste, and the storage of certain wastes
(final waste).

2050

Residual emissions

2050

Net emissions

== INSTITUT
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The remaining emissions primarily originate
from these two sectors (216 and 173 million tons
per year, respectively). Some flexibility remains
in our model regarding carbon sinks (with a 6%
sequestration potential buffer). However, due
to the considerable uncertainties surrounding
climate change's impact on European forests
and their CO, storage capacity, this additional
margin is both imperative and relative.

To meet these targets, it is necessary to activate
multiple levers. There are 37 decarbonisation
levers in total, outlined in Figure 2.4. Key decar-
bonisation levers with significant emission
reduction potential involve energy (power pro-
duction), transport (cars, trucks) and building
renovations. But there is no single solution for
instantly decarbonising the European economy.
All listed levers, regardless of the scale, must be
engaged to reach the goal of carbon neutrality.
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@ TRANSPORT o ENERGY PRODUCTION
. AND INFRASTRUCTURE
Reduce the number of vehicles and convert

them to low-carbon technologies Decarbonize and adapt the power system

Develop public transportation Switch from fossil gas to biogas and other

. “green” gases
Develop soft mobility 9 9

Phase coal and oil out, end conventional refining

Reduce air traffic and switch to Sustainable o
activities

Aviation Fuels

- N Decarbonize heat production for district heating
Transition to zero carbon navigation

WASTE MANAGEMENT
@ INDUSTRY

Separately collect and recover biowaste
Reduce industrial production through end-use

. Reduce plastic use, increase plastic recyclin
sufficiency P P ycling

and substitution with other materials
Increase material efficiency

Reduce wastewater treatment emissions
Increase energy efficiency through process adaptation

Decarbonize industrial energy mix Produce biogas from waste and sludge
Develop low-carbon innovative processes

On-site Carbon Capture, Utilisation and Storage 9 CARBON SINKS (LULUCF)

Develop EU strategic industrial sectors for the Improve forest management

transition o
Revitalise degraded ecosystems

Support wood industry adaptation

Increase forest area

e AGRICULTURE

Reduce herd size and adapt breeding practices Turn grasslands back to net sinks
Convert crop systems to agroecology Plant hedgerows and field trees
Convert tractors to low-carbon technologies Protect wetlands and peatlands

Reach net zero artificialisation

@ CROSS-SECTOR LEVERS

Enhance Research & Development in transition
solutions

Efficient renovation of housing
Efficient renovation of public tertiary buildings

Efficient renovation of private tertiary buildings . . .
Foster public awareness of environmental issues

s INSTITUT Boost the Fair Transition Fund to support
1"r ROUSSEAU professional transitions
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@ED investment for decarbonisation: how much is needed and
what's the extra cost compared to the current trend?

Total investment needed to achieve net zero by 2050

The collective investment required to acti-
vate all decarbonisation measures listed in 1.1
is estimated at €40 trillion by 2050, averaging
€1,520 billion yearly. This equals almost 10%
of current EU-27 GDP. This contrasts with the
ongoing business-as-usual (BaU) scenario, esti-
mated at around €30 trillion between now and
2050, averaging €1.160 billion per year (7,3% of
current EU-27 GDP).

The difference, about €10 trillion or an average
of €360 billion per year, represents the ‘extra
investment’ needed for carbon neutrality. This
extra investment represents a 31% increase
compared to the baseline scenario and around
2,3% of current EU-27 GDP.

These estimates are correct only under the
express condition that all BaU investments are
actively redirected towards the transition by
2050. This implies a massive divestment from
sectors that have become partially to com-
pletely obsolete (internal combustion engine
cars, fossil fuel exploration and production,
the production of chemical agricultural inputs,
the construction of highways and airports,
etc.) and a significant investment in essential
sectors (development of public transportation
infrastructure, building renovation, production
and recycling chains for renewable energy pro-
duction and storage, etc.). The activities that are
negatively impacted will need to be accompa-
nied by social measures (cf. Just Transition Fund,
section 10.1.3.). Without this active shift, not
only will carbon neutrality not be achieved, the
above-mentioned extra cost will also be higher.

Concepts and amounts of total EU-27 investment required for the transition and of extra
investment compared with a business-as-usual scenario (in €billion per year)

2000
Business-as-usual
(BaU) Trend scenario
1500
Required extra
investment
1000 . .
Redirection of
current investment
towards transition
00 1160 bn€/year

® Business-as-usual ‘grey’ investment
® Decarbonised investment
Extra-investment

‘Road to Net Zero’
Transition scenario

by the public sector
Extra investment borne
by the private sector

I Extra investment borne

1520 bn€/year

1160 bn€/year

== INSTITUT
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This section examines the distribution of invest-
ment and extra investment among various sec-
tors, as illustrated in Figures 2.6. and 2.7.

In terms of overall investment, approximately
75% is concentrated in two sectors: transport
(45% of overall investment, €689 billion annually)
and buildings (29%, €434 billion annually). This
is due to the large-scale nature of these sec-

tors, which invest in tens of millions of vehicles
and buildings. These sectors are followed by
and energy production and infrastructure (12%,
€177 billion annually) and agriculture (10%, €155
billion annually). Industry (€25 billion annually),
cross-sector measures (€28 billion annually),
carbon sinks (€13 billion annually) and waste
management are significantly less, accounting
for a combined 4% of investment.

Total yearly investment: 1520 bn€/year

689

® Transport
Buildings

® Agriculture
® Industry

® Energy production
® Carbon sinks

These overall investments exhibit a propor-
tional trend relative to each country's GDP,
hovering at approximately 10% (France, Italy,
Sweden, and the average of the 7 countries®).

® Cross-sector levers
® Waste

== INSTITUT
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This range extends from about 8% (Germany,
Netherlands) to approximately 11% (Spain), with
a notable exception being Poland at 13.6%.
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Extra investment needed to achieve net zero by 2050, compared to

business-as-usual

When considering extra investment com-
pared to the business-as-usual trend (Figure
2.7.), the top three sectors remain the same, but
the buildings and energy production sectors
require the most substantial extra effort, requi-
ring respectively 39% (€142 billion per year)
and 22% (€79 billion per year) of the total extra
investment. In the building sector, this is attri-
buted to the need for an accelerated renovation
pace and a shift towards comprehensive reno-
vations, which are individually more expensive.
On the energy side, the assumption of strong
electrification and power-to-gas development
in the transition scenario would double elec-
tricity consumption compared to the trend sce-
nario. The transport sector's decrease in extra

investment ranking is primarily attributed to
two factors. Firstly, the extra investment linked
to the cost difference between low-carbon and
internal combustion vehicles diminishes over
time, reaching zero with the enforcement of
bans (e.g., ICE ban scheduled for private cars in
2035°) or achieving cost parity (e.g., in 2030 for
trucks). Secondly, a 23% reduction in the private
car fleet in the transition scenario, coupled
with the growth of rail and public transport,
results in a negative extra cost (more cars are
purchased in the business-as-usual scenario).
This reduction offsets other extra costs in the
sector, such as the development of public trans-
port and improvements to the railway system.

Total yearly extra investment: 360 bn€/year

.
79

-!

® Cross-sector levers
® Waste

® Transport
Buildings

® Agriculture
® Industry

©® Energy production
® Carbon sinks
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Figure 2.8 shows how these extra investments may vary from one country to another in % of their
GDP.
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® Waste

® Cross-sector
levers

3,6%

® Carbon sinks

Energy

%
1,8% 1,7% production

Buildings
® Agriculture
® Industry

France Germany lItaly

The divergences in the sectoral breakdown are
mainly explained by the relative level of carbon
intensity between each sector and country. For
Germany and the Netherlands, the weight of
transport investments is limited due to well-es-
tablished public transport infrastructure and
greater opportunities for reducing road trans-
port costs (through fleet size reduction and ave-

Spain Netherlands Poland Sweden

® Transport
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rage vehicle size), while for France and Spain,
substantial efforts are needed to extend railway
network and soft mobility infrastructure. Poland
shows a comparatively higher level of extra
investment needs, mostly due to the strong
carbon intensity of its current energy mix and
a very high agricultural area/GDP ratio.

How does it compare to existing benchmarks?

The figures presented above are comparable to existing benchmarks in the field. Figure 2.9 recaps

estimates from various studies.

Comparing average yearly transition investment and extra investment as a percentage
of GDP’, according to various studies for the world, EU-27 and the illustration of France

2023-2050 : 2023-2030 @ Total
4%
: ® Other
| sectors
3% : Energy
| [ - production
[
2% | - Buildings
: ® Agriculture
0 |
1% | ® Industry
: @ Transport
0%
OECD IEA EU Com Institut Institut EU Com Institut ~ Pisani-Ferry DG Trésor 14CE
2022 2023 2023 Rousseau  Rousseau 2023 Rousseau 2023 2023 2023
2023 2023 2023
ﬁ INSTITUT
World EU-27 France ROUSSEAU
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In terms of magnitude, the results align with
international work by reputable institutions
such as the International Energy Agency, the
OECD and the European Commission. While
not depicted in this graph, these studies mask
significant variations in the required distribu-
tion of these investment levels across diffe-
rent economic sectors. The study’s significant

strengths include a precise and well-substan-
tiated breakdown of sector-specific investment
needs, addressing each decarbonisation lever.
Additionally, it goes beyond total investments,
offering detailed insights into public expendi-
tures for over 70 specific measures - an aspect
overlooked in other studies.

Carbon efficiency of the proposed investments

This study reveals varying effectiveness in
investment and extra investment across
sectors. This ‘carbon efficiency of invest-
ments’ aligns with the concept of abate-
ment cost, categorising investments based
on emission reductions. Although similar,
the distinct scope and calculation methods
prevent their direct combination. This data
helps to prioritise investments over time
toward the most effective strategies and
measures to minimise CO,-eq emissions
from now until 2050.

However, this study avoids establishing
a carbon efficiency priority order and
advocates that all of the investments
presented are necessary for climate

objectives, emphasising simultaneous
and swift execution. Compliance with the
Paris Agreement, Europe's resilience, and
energy independence, are crucial. A transi-
tion guided solely by cost efficiency, risking
insufficient emission reduction, would
undermine the fight against the ongoing
catastrophe. Weak action leads to predic-
ted disasters, and governments, including
European, have demonstrated the capacity
to allocate resources for what they consi-
dered to be major threats (the financial
crisis 0f 2009, COVID-19, the current energy
crisis). The focus should not be on choo-
sing between sectoral transitions but on
finding means to pursue all of them.

How can public authorities promote and
facilitate this transition? What extra costs
might the public incur?

After clarifying the required investment for
Europe’s net zero goal, attention turns to the
role and potential costs for public authorities in
supporting this transition. The Member States
have a dual duty: safeguarding current and
future generations from climate and environ-
mental challenges, and playing a pivotal role

in formulating and implementing long-term
strategies. This study outlines 73 policy propo-
sals categorised for each of the 37 decarboni-
sation levers. Detailed explanations of these
measures can be found in the relevant sections
on sector-specific investment requirements.
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Trend public investment should double from
€250 billion to €510 billion per year.

The sectoral breakdown of the €510 billion
investment reveals that two sectors, buildings
(35%) and transport (27%), account for two thirds
of the required public investment. When agricul-
ture is included (21%), said three sectors amount
to a total of 84% of essential public investments.
Logically, the first two include both mass sectors,
where publicintervention is required for change
to take place. The strong variation between sec-
tors can be summed up in three distinct groups:

- Four sectors heavily reliant on public invest-
ment for decarbonisation, including waste (pri-
marily requiring investment in selective collec-
tion), cross-sector public measures (public by
definition), and agriculture and carbon sinks.
Both latter sectors intentionally emphasise
public costs as a proxy for total investments.

« The industry and buildings sectors demons-
trate a fairly balanced distribution of efforts
between the public and private sectors, with
a 40-45% ratio.

- The transport and energy sectors require a
lower rate of public intervention, hovering at

72

® Transport
Buildings

® Agriculture
® Industry

Energy production
® Carbon sinks

@ Cross-sector levers
® Waste

around 20%. This is due to the relatively grea-
ter maturity of the decarbonisation levers and
their higher profitability for the private sector.

These ratios should be treated with caution
and are maximum figures as all the investments
made by private players (in particular farmers
and private forest owners) have not always been
fully assessed.

The rankings and relative shares remain mostly
the same when considering the €260 billion per
year of extra public investment (Figure 2.10),
with the same two sectors alone accounting
for two third of extra public investment needs:
buildings (38%) and transport (28%). Agricul-
ture (17%), energy production and infrastructure
(8%) and cross-sector measures (5%) come next.
The ranking remains consistent with total public
investment needs, since public support alloca-
tions are generally calculated within the same
scope between the transition and reference sce-
narios. The proportions between items represen-
ting significant public investment (such as vehicle
conversion premiums, aid for building renovation,
support under pillar 1 of the Common Agricultu-
ral Policy, and public R&D budgets) and those
requiring more moderate investment are broadly
maintained from one trajectory to the next.

—
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The gap between the total extra investment and
the public extra investment needed is driven
by factors relative to each sector. Firstly, while
energy production was the second sector in
terms of extra investment needs, its weight in
extra public investment is diminished due to
renewable power capacity requiring decrea-
sing public support in a context of improved
maturity and rising market prices. The building
sector represents the main bulk of extra public

4%
3%

2% 1,8%
1,6% 1,6% =

1,2%
—— 0,8%

investment needs, due to a need to at least
quadruple the current pace of efficient reno-
vations which are most often only carried out
provided significant public support. Further-
more, the extra public investment needs for the
agriculture sector and cross-sectoral levers are
equal to the extra investment needs, as these
two sectors mainly use public expenditures as
proxy for total investments.

Waste

® Cross-sector

0,
3,1% levers

239 ® Carbon sinks
— 2,1% 2%

- Energy .
production

Buildings
@ Agriculture

l ® Industry

France Germany Italy

Germany requires relatively modest additio-
nal public investments, thanks to its already
substantial current spending on existing public
transport infrastructure and a comparatively
low ratio of agricultural area to GDP. In contrast,
Poland exhibits a much higher level of additio-
nal public investment needs, driven primarily
by a substantial ratio of agricultural area to GDP
and, secondarily, a significant proportion of
energy-intensive buildings necessitating reno-
vation (with both the agriculture and buildings
sectors demanding substantial public support).
Italy's ‘negative’ additional public cost for buil-
dings is attributed to the 2020 launch of the

Spain Netherlands Poland Sweden

® Transport
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‘Superbonus 110%), resulting in extensive and
uncontrolled tax credit commitments. Exclu-
ding this specific factor, Italy's additional public
investment needs would align with the EU-27
average.

Contextualising the proposed €260 billion
per year is crucial. This amount, allocated to
empower public authorities in stimulating,
encouraging, and overseeing all stakeholders
while setting the necessary pace to meet the
European Union's climate objectives, must be
viewed in perspective.
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Net Zero Public Extra Invests
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These amounts compare to the potential cost of inaction which could reach €120 billion per year
in a 2°C scenario to €190 billion per year in a 3°C scenario®.

9 What levels of investment are needed
between now and 2030 to bring Europe into
line with Fit-for-55 European targets?

Although this study focuses on achieving
carbon neutrality by 2050, the impact of the
Fit-for-55 objective on sectoral change and
investment needs between now and 2030 can be
assessed. Europe's impact on climate change will
depend on the cumulated volume of GHG emitted
between now and 2050. A front-loaded effort in
the early years can significantly influence the
outcome from a climate perspective.

Meeting the Fit-for-55 2030 objective means
that 43% of total GHG reductions needed by
2050 must be achieved within the next 7 years.
This means a +70% increase in the GHG yearly
reduction pace compared to the 2050 target™
(<183 versus -110 MtCO,-eq/year). It is also three
times higher than what has been observed in
the last decade and four times higher than the
reduction pace observed since 1990.

These ambitious targets necessitate accele-
rated decarbonisation across all sectors before
2030. As shown on Figure 2.9, extrapolating
necessary investments to this accelerated pace
leads to a rise in yearly average extra-invest-
ment from 2,3% to 3,8% of current EU-27 GDP,
from ~ €1500 to ~ €2500 billion per year.

Pre-2030 emissions reduction could be maxi-
mised by efficiently prioritising decarbonisa-
tion efforts. This doesn’t mean investing only
in most efficient levers but immediately and
massively deploying mature solutions while
prioritising most carbon-efficient uses of matu-
ring technologies. In the building sector, initial
investment should focus on renovating poorly
performing buildings. In energy production, the
priority lies in deploying low-carbon production
capacity and adapting the network for closing
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fossil-fired power stations. Green gas produc-
tion until 2030 should mainly serve industrial
uses with limited alternatives. For industry,
activating mature decarbonisation levers (cir-
cular economy, energy efficiency) is crucial to
compensate for less mature solutions.

However, with a constrained time frame until
2030 and practical hurdles in deploying certain

Notes

European Commission, ‘Fit for 55" delivering on the proposals.

solutions (e.g., efficient building renovations),
coupled with regulatory renegotiation periods
(e.g., the Common Agricultural Policy already set
for 2023-2027), achieving the Fit-for-55 objective
is very doubtful without prompt and decisive
actions, akin to a wartime economy. Missing the
target would necessitate an intensified decar-
bonisation effort post-2030 to align with the
allocated carbon budget.

European Environmental Agency (EEA), GHG data viewer, visited in November 2023.

Rising gas prices prompted energy savings in the buildings sector, while output decreases in energy-intensive industries led
to a significant emission reduction. However, emissions in the power sector increased due to a partial shift to more carbon-in-
tensive coal generation. For more details about the French case, see Eclaircies, ‘L'Affaire du Siécle, 'Etat a-t-il réparé le préjudice
écologique ? Analyse des causes conjoncturelles et structurelles des baisses d’émissions 2021-2022', 2023.

European Environment Agency, 2023, ‘Total net greenhouse gas emission trends and projections in Europe’.

National 2022 GDP, Eurostat, 2023.

European Parliament, ‘EU ban on the sale of new petrol and diesel cars from 2035 explained’, 2022.

2021 GDP was used for Institut Rousseau'’s results.

These costs, borne by the EU, the Member States and, in several instances, local authorities, are not addressed individually.

Joint Research Center, 2014, Climate Impacts in Europe.

l.e. a -85% gross emissions reduction compared to 1990, in RtoNZ transition scenario.
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Developing an alternative to the T RSUSetau
all-car fossil-based transportation
model

Current emissions and reduction potential

@ Decarbonisation levers to mobilise:

1. Reduce the number of vehicles and
convert them to low-carbon technologies

99%

2. Develop public transportation

782
Mt CO,eq/year 3. Develop soft mobility
4. Reduce air traffic and switch and 2050 decarbonisation
Sustainable Aviation Fuels potential
5. Transition to zero carbon navigation
Global investment needs
UE-27 global investment and extra-investment
Business-as-usual ‘Road to Net Zero’
(BaU) Trend scenario Transition scenario ® Business-as-usual
800 ‘grey’ investment
700 i 52 bn €/year ® Decarbonised
600 investment investment
500 l @ Extra-investment
400 e ¢ on o l
S 637 D€/ year IR a 637 bn€/year
towards transition l
200 l
100
. i

Global investment and extra-investment per lever, per country (in % of GDP):

Total investment Total extra-investment

4,3% 0,3%

6% 1,5% 0,8% 0,7% 0,5% Air transport
47% 46% 0,3% (intra)
Maritime &
Fluvial
® Soft mobility

@ Public
transportation

® Road

4,3% 4.5% 1%
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Public investment needs

Total public investment in Public share in total Public extra-investment
proposed public policies investment in % GDP

140 voeryear 20% 0,45%

12— ag w°
72

bn€/year

Total extra public investment in proposed public policies : 72 bn€/year

® Conversion bonus
@ Charging network
® Rail and bus infrastructure
® Bike plan
Air transport
Maritime & fluvial

Complementary + Tax measures to lower public transportation cost
measures: + Eliminate tax incentives for aviation and reinforcing truck tolls
+ Ban flights with modal alternatives < 4h30 ; Moratorium on new airport infrastructure

+ Imposing quotas for the incorporation of Sustainable Aviation Fuels in aeroplanes

Sector’s weight in necessary investments (in % of all sectors)

TOTAL INVESTMENT (Public + P PUBLIC INVESTMENT

rivate)
TOTAL EXTRA TOTAL EXTRA

45%% 14% 27% 28%

Key takeaways

* The transport sector necessitates the highest total investment at €689 billion per year, with a
relatively modest additional cost of +8%.

* Public expenditures must double, constituting ~20% of the total investment.
« Through those strategic investments, a complete decarbonisation is possible.

* Road transport requires 65% of transport investments, at €447 billion per year, while public
transport stands as the primary contributor to public expenditures at €82 billion per year.

* There is no silver bullet to replace cars. If an ambitious modal shift development policy is crucial,
with €50 billion per year, an integrated transportation system must also include new intermediate
vehicles, sharing services and a new approach to urbanisation.

« On top of investment in infrastructure, fiscal measures are imperative to enhance the economic
competitiveness of trains.

» The unrestrained increase in air traffic must be halted and a democratic debate should determine
the appropriate level of sufficiency.
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The transport sector necessitates the highest
total investment at €689 billion per year, with a
relatively modest additional cost of +8%.

The transport sector is the second greenhouse
gas emitter in Europe (after energy production).
It contributed 782 million tons of CO,-eq in 2021
(Figure 3.1.), nearly a quarter of the European
Union’s emissions. The estimated total invest-
ment required to fully decarbonise the sector is
€689 billion annually, but represents a propor-
tionally limited €52 billion extra cost compared
to the business-as-usual scenario (+8%).

Public expenditures must double, to amount to
~20% of the total investment.

The required public investment for the tran-
sition reaches €140 billion annually, represen-
ting 20% of the total required investment. This
includes an extra €72 billion compared to the

business-as-usual scenario (+105%).

Such investments would enable the near-com-
plete decarbonisation of the sector by 2050,
through the implementation of the two fol-
lowing complementary measures:

- The facilitation and acceleration of sufficiency
and modal shift from highly polluting trans-
port modes to less polluting alternatives (e.g.,
from planes to trains, cars to public transpor-
tation, and bicycles), which would result in a
34% emission reduction.

- The conversion of all remaining vehicles into
low-carbon alternatives, including 326 mil-
lion vehicles (76% passenger cars, 13% powe-
red two-wheelers, 9% utility vehicles, and 2%
heavy-duty trucks, excluding boats and pla-
nes), which would result in an 65% reduction
in the sector’s emissions.

800
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Current Sufficiency Passengers
emissions & modal cars
(2027) shift

A new sufficiency-based transportation system
is not only about moving towards more fuel-ef-
ficient vehicles, nor only about trains and bikes.
It must be approached in an integrated manner,
combining various solutions:

There is no magic solution to replace cars.
A combination of several modes and vehicles
is necessary to address the specific needs of
various households, regions, and types of jour-

Trucks
& buses

[ 36 |
Utility Other Residual
vehicles transportation emissions
(2050)

neys, as illustrated in Figure 3.2. These include:

« Reducing car and battery sizes;

- Developing intermediate vehicles’ between
bikes and cars, with significant potential
for transitioning from traditional cars. This
is especially relevant in cases of oversi-
zing such as solo commuting, which affects
64% of home-to-work trips, single-person
households, secondary vehicles for multi-mo-
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torised households, low and medium-den- nism, by reconfiguring activities (housing,

sity areas with a strong car dependence and work, commerce) so that they mix at all scales

limited alternatives; and by decentralising territorial planning, etc;
- Developing carpooling and car-sharing ser- - Divesting from conventional solutions: road

vices; infrastructure, airport expansions, urban
- Implementing aviation sufficiency (see 3.2.3); sprawl, large vehicles.

* Revising the conventional approach to urba-

Distance (km) Type of travel and territories Distance (km)  Currently dominant modes
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Source: adapted from Aurélien Bigo.
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Road transport requires 65% of transport investments, at €447 billion per year, while public trans-
port stands as the primary contributor to public expenditures at €82 billion per year.
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Investment varies between countries accor-
ding to the vehicles requiring conversion
and the current state of alternative transport
infrastructure development (charging stations,
railway extensions, soft mobility initiatives).

Renewing the vehicle fleet would cost €447 bil-
lion per year, representing 65% of the sector's
total investments. This means saving €92 billion
per year (-17%) compared to the business-as-
usual scenario. This would be mainly due to
the 14% reduction in fleet size by 2050, through
sufficiency and the modal shift to public trans-
port, rail and soft mobility. Conversely, public
support for the complete decarbonisation of
vehicle fleets by 2050 (through low-carbon
vehicle purchase bonus for both individuals
and businesses, as well as for charging station
installations) requires an increase of €13 billion
annually (+66%), totaling €32 billion per year
and accounting for 23% of the sector's overall
public costs.

Developing public transport and rail has the
second highest cost for the transition, at €123
billion per year, representing a €52 billion extra
cost compared to the business-as-usual sce-
nario (+74%) and for 18% of the sector's total
investments. The high public share of these
investments (67%) supports the development
of rail, trams, metros, and buses. This invest-
ment amounts to €82 billion per year and repre-
sents an annual extra cost of €39 billion (+89%)
compared to the business-as-usual scenario. It
would represent the largest portion (58%) of
the sector's total public costs.

This is followed by soft mobility at €93 billion
per year, representing an extra cost of €66 bil-
lion (+241%) compared to the business-as-usual
scenario. Public investments totaling €16 billion
per year (+206% compared to the BaU scenario)
primarily focus on the expansion of cycling
lanes and bike parking facilities, as well as sup-
port for bicycle purchases.

The extra costs to decarbonise inland navigation
and internal domestic aviation are estimated at
€20 billion and €6 billion per year, respectively.
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EU-27 Total (left) and Public (right) annual investment and extra-investment required to
decarbonise the transport sector (in €billion per year), per sub-sector
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Extra cost of transition

Decarbonising the transport sector requires
€72 billion per year in extra public investments,
distributed unevenly among countries.

The required extra public investments vary
greatly between countries (Figure 3.5.), mainly
due to the gap between required vs. current
public transportation investments. Specifically,
the expansion of rail transport heavily relies
on the quality of the existing rail network and
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the necessary extensions and interconnec-
tions to enable an effective modal shift (both
passengers and freight) across all European
Union countries. For instance, France needs
to expand its rail network substantially but so
far has announced very low investments in the
sector. In contrast, Germany, with lower expan-
sion requirements, already invests significantly,
bolstered by robust public support.

FURERI Public extra-investments by country for decarbonising the transportation sector (in

€billion per year)
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0 Emissions of the sector

Transport emissions account for 22,5% of total
emissions, ranking second after energy pro-
duction. It is the only sector in which emissions
have increased since the 1990s.

In 2021, transport emissions totaled 782
MtCO,-eq, a 16% increase from 1990, making it
the only sector with rising emissions over that
period. Despite a 14% reduction in emissions in
2020 due to the pandemic, there was an 8.6%
rebound in 2021 (followed by a 2.7% increase
in 2022%). To meet the 2050 target, the ave-
rage reduction rate observed in the last decade
must be multiplied by 10. Projections based on
existing policy measures indicate that meeting
either of 2030 and 2050 targets is currently
extremely unlikely, as illustrated in Figure 3.6.

GGACNIN Transport past UE-27 domestic emissions and progress towards achieving 2030 and 2050
targets, in million tons of CO, equivalent (MtCO,e).*
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WEM: With Existing Measures.
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How to decarbonise the sector and how much
investment does it require?

@ZD Reduce the number of vehicles and convert them to low-carbon

technologies

With 325 million vehicles, of which 248 million
of private cars, road transport accounts for
over 90% of emissions from intra-European
transport.

These exclude buses and coaches, treated in
Subsection 3.2.2. Consequently, decarbonising
vehicle fleets is crucial to achieve the European
Union's 2050 Net Zero carbon goals. It is achie-
ved through:

- an overall reduction in the number of vehicles
in circulation, mainly enabled by increased
occupancy rates, car pooling and sharing, and
modal shift to public transportation;

- the replacement of remaining vehicles with
low-carbon vehicles (electric, hydrogen, or
bioCNG-powered).

A reduction in the average size and weight of
vehicles is also needed, as switching to these
technologies entails a significant increase in the
consumption of metals and resources, espe-
cially for batteries (cf. Appendix A.2).

The rapid uptake of low-carbon vehicles by 2035
relies on both expected cost parity between
traditional and electric vehicles to be reached
before 2030, and regulatory bans of thermal
vehicles.

With an average vehicle lifespan of 15 years,
the proposed transition scenarios (Figure 3.7.)
marks 2035 as the deadline to stop selling ther-
mal vehicles (including hybrids) in order to
guarantee a decarbonised fleet by 2050.

Price parity is assumed in terms of purchase
prices or total cost of ownership (TCO), depen-
ding on the vehicle type, as shown on Figure 3.7.
The ban of conventional Internal Combustion
Engines (ICE) sales by 2035 has already been
voted on for private cars and Light Commercial
Vehicles. A similar ban is recommended and
considered for trucks by 2037 in the transition
scenario.

Investments in the transport sector 43



BaU (business-as-usual) scenario

e 2030 Price parity
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Figure 3.8. illustrates the outcomes of these
milestones in terms of sales for conventional
versus low-carbon vehicles and the overall fleet
sizes in the transition scenario.
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Implementing such measures (with a total
cost of €417 billion per year) yields a 19% cost
saving (- €95 billion per year) compared to the
business-as-usual trend.

This substantial saving, coupled with its
significant greenhouse gas emission reductions,
underscores the urgency of prompt implemen-
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tation. This cost reduction primarily stems from:

« A significant decrease in vehicle fleets (-23%
passenger cars, -21% heavy-duty trucks, -3%
light commercial vehicles) achieved through
modal shift to public transportation, parti-
cularly trains, resulting in a yearly savings of
- €87 billion per year.
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- Faster adoption of electric vehicles, further
reducing prices, especially for batteries, and
achieving earlier price parity. It would also
include making smaller batteries for equi-
valent models (facilitated by technological

advancements) (- €12 billion per year), rather
than an increase in power/autonomy.

« Partly offset by a 31% increase in the fleet size
of two-wheelers (+ €4 billion per year).

GUEERN Annual investment and extra-investment required for the decarbonisation of road

transport (in € billion per year)

Global investments (bn€/yr)
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Implementing this transition scenario neces-
sitates a public investment of €18.2 billion per
year, with an additional cost of €5.5 billion.
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This involves three complementary public
measures (Figure 3.10): strengthening conver-
sion premiums, converting public Light Com-
mercial Vehicles fleets to low-carbon techno-
logies, and introducing a scrappage incentive
for thermal vehicles still in circulation by 2050.
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FGACALE  Annual public investment and extra-investment to support the transition of road

transport (in € billion per year)

1. Strengthen public
subsidy to help to acquire
electrical & H2 vehicles

2. Speed up the
acquisition of electrical
LCVs by administration

& public sector

3. Subsidy to cover scrap

LCV & HDV in 2050

® BaU cost

To maximise CO, reduction, incentives are
focused exclusively on electric and H2 vehicles,
with the aim to phase out hybrids by 2035. Sub-
sidy programs will adjust to cover 80% of the
price gap® for passenger cars, light commer-
cial vehicles and powered two-wheelers (PC,
LCV, PTW) and 100% of TCO gap for heavy-duty
vehicles (HDV)é. This adaptability considers
market dynamics and expected price reduc-
tions for low-carbon vehicles. Assuming current
conditions, these programs should be phased
out once price parity is reached, estimated
between 2028 and 2031 for PC, LCV & PTW. For
HDVs, with TCO uncertainties in mind, the sub-
sidy program should end in 2037, aligning with
the proposed ban on conventional HDV sales.
Implementation prioritises targeted subsidies
to low-income and large families, to SMEs (as
opposed to large corporations), and for light
weight vehicle purchases.
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Measure 3.1

Enhance Eco Conversion Bonus/Sub-
sidy for incentivising low-carbon
vehicle purchases

Public cost
€9.2 billion per year
Public extra-cost
€5.6 billion per year,
primarily allocated by 2035¢

The LCV Fleets owned by public administrations
comprises 10% to 25% of the overall LCV fleet,
depending on countries. Governments should
conduct tenders with criteria promoting rapid
transition from carbon-intensive to electric and
hydrogen fleets, incorporating necessary fleet
reduction measures.
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Measure 3.2

Accelerate the decarbonisation of LCV
Fleets owned by public administra-
tions

Public cost
€7.4 billion per year
Public extra-cost
€-1.7 billion per year

To ensure the complete decarbonisation of the
rolling vehicle segment in the long term, it is
also proposed to buy back the residual fleets
of conventional vehicles from households and
businesses, at approximately 10% of their pur-
chase price.

Measure 3.3

Provision of public funds for the long-
term buyback (by 2050) of the Remai-

ning Conventional Vehicle Fleets

Public extra-cost
€1.6 billion per year

Complementary tax measures (CO, malus and
weight tax) could accelerate the fleet decar-
bonisation and fund the corresponding public
extra costs.

+€1.2 billion per year®: tax on Conventional PC/
HDV: based on an average 9 €/g CO,/km penalty
(~ €1200 average penalty per vehicle). The tax
should be progressive, targeting high-emission
vehicles like SUVs.

+ €13.7 billion per year: Implementation of a
weight tax on the acquisition of any new PC at
€10/kg commencing at 1300 kg for conventio-
nal vehicles and 1600 kg for zero-carbon ones
(hydrogen, electric)®

Best Practices

The Netherlands boasts one of the EU's
highest acquisition taxation systems
(BPM?) for high-emission personal cars.
With a low taxation threshold (86 gCO,/
km) and a progressive structure targe-
ting such vehicles, a typical conventio-
nal SUV emitting 150 gCO,/km faces an
€8,700 acquisition tax, translating to
a nearly 25% increase in the vehicle's
pre-tax cost. This taxation level signi-
ficantly surpasses that of most other
EU countries.

A rapid and substantial increase in the ins-
tallation of electric vehicle charging stations
and hydrogen infrastructure is essential in the
upcoming years.

Investments in electric charging stations (CS)
need to increase substantially to reach €24 bil-
lion per year. Simultaneously, investment in
deploying hydrogen infrastructure, which is vir-
tually non existent today, must reach €7 billion
annually on average by 2050. These averages
cover the period from now until 2050, with a
notable concentration of electric infrastructure
investments expected in the current decade.
Hydrogen infrastructure is anticipated to see
more significant development between 2030
and 2040, considering the technology's current
limited deployment.

Measure 3.4

Scale up electric and hydrogen char-
ging infrastructures

Public cost
€14 billion per year
Public extra-cost
€7.3 billion per year
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The proposed public investment to support the
fast expansion of charging stations is broken
down as follows:

1. Strengthen public investment coverage for
the deployment costs of public charging

stations, incurring an extra public cost of
€4.4 billion per year (Figure 3.11.) Conside-
ring the uncertainty regarding the economic
viability of publicly available CS", an ave-
rage subsidy rate of 50% of purchase cost is
recommended to attract private investment.

MR Annual public investment and extra-investment required for charging stations (in

€billion per year)
Total

Public CS - electrical (PC,
LCV) + H2 (PC, LCV, HDV)

Private CS -
electrical (PC, LCV) n 07 3

CS - electrical (HDV)

2,2 3

OE

® BaU cost

However, to prevent the abuses observed in
several countries (opaque and prohibitive pri-
cing of electricity charged to consumers during
their vehicle charging™), public authorities and
private operators should contractually approve
tariffs before receiving public support. Fur-
thermore, there should be a comprehensive
strategy for implementing charging stations
across the EU to avoid creating ‘white zones’ in
less profitable areas.
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. Increase grants for the acquisition of pri-

vate electric charging stations (households,
condominiums, businesses) to cover 50% of
the purchase costs on average, resulting in
an extra public cost of €0.7 billion per year.

. Significantly expand aid programs aimed at

electric charging stations for trucks (HDVs),
targeting a coverage rate of at least 50%
(some countries like Sweden and Germany
have launched programs covering up to 80%
of the costs®) for an extra public cost of
€2.2 billion per year.
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m Develop public

transportation

An ambitious public transport deve-
lopment policy is crucial to success-
fully decarbonise the transportation
sector. Through modal shifts, it enables
the reduction of the overall number of
vehicles in circulation. This, in turn, helps
limit the use of resources and metals
required to manufacture batteries and
charging stations.

s e . D e e ———

Fully decarbonise the railway and increase railway traffic

Current rail modal shares must at least double
by 2050, as already targeted by most studied
countries.

Trains are crucial to decarbonise challen-
ging segments like medium-distance (air) travel
and medium- and long-distance road freight.
They offer significant benefits, such as a drastic
reduction in energy consumption (75-90% less
per km™), and help to reduce air and noise
pollution. Investing in a more attractive rail

Freight (% t.km)
40

network will also reduce maintenance costs
(up to -40%) as well as truck fleet conversion
costs (see above).

The needed investments for this modal shift are
derived from a benchmark mix of top-perfor-
ming countries, with Austria excelling in both
passenger and rail freight efficiency, along with
Germany's notable performance in rail freight
(Figure 312, Box 3.1)."”

Passengers (% p.km)

20
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Best Practices

Reference countries for rail transition scenarios

Austria's high performance in terms of rail
is based on an already very developed
network (620 km of lines/M of inhabitants
vs. 460 km/M of inhabitants on EU average)
and massive development and renewal/
modernisation investment expenditure
(€310/inhabitant/year including 43% for
the current network excluding mainte-
nance vs. +- €100/inhabitant/year in UE),

For most countries, ‘transition’ network deve-
lopment is based on a mix of new lines and
extensions of existing lines (e.g. doubling of
tracks), in order to make possible a doubling
of tons and passengers.km?'. Costs per km
are aligned with GDP/inhabitant for renewal/
upgrade investments and with the actual costs
of ongoing projects for network development.
These investments are subsidised by an average
80% public fund support, mirroring high-per-
forming countries. New investments are also
considered for rolling stock.

80% supported by public funds (vs. +- 60%
on EU average™).

In addition, Germany has an expansive
rail freight network in relation to its sur-
face area (11 km/100 km?) and spends
€200,000/km to renew and modernise its
network. However, Germany is less efficient
for long-distance travel and development
investments, which are currently limited™.

Despite indications in recovery plans signalling
a commitment to rail sector development, cur-
rent investments remain largely insufficient and
must double to approach the stated objectives.

At the EU-27 level, public investment for this
transition is estimated at €76 billion per year,
accounting for roughly 69% of the total required
investments and surpassing current sectoral
public spending by €36 billion.

Infrastructure 67,8
Rolling stock 7,8
0 20 40 60 80
s INSTITUT
@ BaU investment Extra investment T"r ROUSSEAU
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Measure 3.5

Double current rail's modal share by
2050

Public cost
€76 billion per year
Public extra-cost
€36 billion per year

Fiscal measures are imperative to enhance the
economic competitiveness of trains.

Austria, Switzerland and Germany's rail frei-
ght success notably underscores the critical
role of reinforcing truck tolls??, which should be
increased proportionally with the trucks’ weight,
especially when a viable rail alternative exists.
Additionally, ceasing tax breaks on kerosene and
VAT could curb air travel support, particularly
in medium distances where rail could offer a
feasible alternative, with the reinforcement of
new night train lines connecting European cities.

Increase and fully decarbonise public transportation by bus and coach

To promote the shift from individual to col-
lective transportation, bus and coach numbers
are steadily increasing, set to surpass one mil-
lion by 2050 (a +48% increase).

The current fleet (accounting for 4% of current
intra-EU transport emissions) is swiftly decar-
bonising, marked by stopping new combustion
engine vehicles from entering service by 2027
for buses and 2035 for coaches.

Transition scenario for buses &
coaches (fleet right axis, million

vehicles - sales left axis, thousand
vehicles)
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Measure 3.6

Increase public investment in buses
& coaches

Public cost
€6.5 billion per year
Public extra-cost
€2.6 billion per year

The proposed public investment to support the
high expansion of the bus and coach fleet is
broken down as follows (Figure 3.15):

* Public fleet renewal: €4.4 billion per year, of
which an extra €1 billion cost compared to the
BaU trend. Public fleets represent between
23% and 50% of national bus and coach fleets,
depending on the country considered®.

- Additional subsidy programs to convert pri-
vate fleets to low-carbon vehicles: €2 billion
per year, of which an €1.6 billion extra cost
compared to the BaU trend. This program aims
to cover approximately 24% of the acquisition
costs for low-carbon buses by private actors,
drawing inspiration from the policy imple-
mented in Germany.
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Best Practices

Germany? boasts one of the highest dedicated
subsidy programs for low-carbon buses in the EU.
- €600 million spent in 2022 and €270 million
in 2023%, financing 2,800 low-carbon buses (€310k
per vehicle, covering 48% of total average

investment cost).
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- €1.25 billion committed over 2021-2024 (€417 million per year) for procuring around
3,000 additional buses? and associated charging/refuelling infrastructure.

Annual public investment and extra-investment required in buses and coaches (in

€billion per year)

Total

(of which) Public fleet
renewal

(of which) Additional
subsidy program

® BaU cost

6,5
4,4
4 6 8
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m Reduce air traffic and switch to Sustainable Aviation Fuels

Global air transport emissions more than dou-
bled over the past 20 years and business-as-
usual trafficis expected to triple again by 20507,
European traffic is planned to ‘only’ double.

Fueled by a record growth in traffic, attri-
buted to a substantial rise in passenger num-
bers and commercial exchange volumes, CO,-eq
emissions from international aviation more
than doubled over the past 20 years, increasing
by 130% to reach 2.4% of global emissions in
pre-COVID 2018.%%:3¢

In this study, only EU domestic emissions are
tackled. Thus, only domestic and intra-EU
flights are targeted here. In 2019, those flights
accounted for 62 tons of CO,-eq*, representing
7% of the transport sector and 2% of EU-27 ter-
ritorial emissions.

Despite having become a symbol of freedom of
movement in a globalised world, air travel is,
in reality, used by only a tiny minority with the
highest incomes.
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The airplane, as the most emitting mode of
transport per km travelled per passenger (with
cars), frequently becomes the focal point of
debates. This is also because these emissions
are highly concentrated within a limited seg-
ment of the population: 50% of journeys are
undertaken by the top 1% with the highest inco-
mes per consumption unit, and 50% of emis-
sions originate from the 5% of individuals who
travel the most.*

To reduce emissions from domestic aviation,
two primary strategies are essential:

1. Halt the unrestrained increase in traffic
and, on the contrary, decrease the number
of flights, through sufficiency (e.g. travelling
closer for holidays) and the mandatory use of
trains for all travel durations below a specific
threshold.

2. Mitigate the impact of remaining flights, pri-
marily by ensuring they operate using Sus-
tainable Aviation Fuels (SAF), i.e. biofuels or
synthetic fuels. To a non negligible extent
(20%), by continuously enhancing technolo-
gical and operational efficiency®.

30
20
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0
Fuel BaU fuel Technology Modal report Bio-SAF e-SAF Sufficiency
consumption consumption efficiency to rail
2022 2050
® Baseline Fossil fuel Sufficiency level to be set through democratic
fossil fuel reduction/ debate. Needed quantities of e-SAF will be S INSTITUT
consumption  switch inversely proportional to the latter. T"r ROUSSEAU

Modal shift to trains is projected to account for
14% of the overall decarbonisation efforts wit-
hin aviation, reducing 13 million tons of CO,-eq.

A reduction of 12% of intra-EU aviation and
4% of total EU aviation emissions can be done
by technically improving the European train
offer, i.e. day train speed and services.>*> Deve-
loping EU night trains over 1000 km would result
in an additional 2% GHG reduction.*®

To achieve this modal shift, a combination of
regulatory, fiscal measures to improve train
competitiveness, and essential investments in
rail infrastructure is required.

Necessary investments to substantially
expand train and long-distance public trans-
port offerings are detailed in Subsection 3.2.2.

To limit air traffic’s rapid increase and ensure
an effective modal switch, two regulatory
measures are proposed: a moratorium on the
construction of new airports and, building upon
the proposals of the French Citizens' Climate
Convention, a progressive ban threshold is
proposed for domestic flights when there is a
train alternative of less than 4h30 (starting at
2h and progressively increasing the threshold
with time).
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Measure 3.7

Gradually organise, by 2030, the ces-

sation of domestic air traffic on routes
where a train alternative exists within
less than 4h30

Measure 3.8

Moratorium on all airport extensions
and on the construction of any new
airport in the EU

To ensure modal report, it is also mandatory to make trains economically more attractive than
planes, and to end current distorsive support for air transport. Three fiscal measures are proposed
and assessed to make trains more competitive than planes, based on T&E propositions®:

Measure 3.9

Set of fiscal measures 3.9 to end the preferential treatment of air transport over rail and

enhance rail travel's competitiveness:

- End fossil kerosene tax exemptions and apply a 0,38 €/L tax
- End VAT exemptions on plane tickets and apply 20% in all EU (current average of 1,1%)
-> Increase average CO, price paid by airline companies, from 45 €/tCO, to 85 €/tCO,

Estimated revenues from fiscal measures
€28 billion per year on average
starting from €570 billion in 2025 down to almost zero in 2050

In response to these measures, airlines may
be tempted to raise ticket prices, which could
further exacerbate social inequalities related
to air travel. Another way (or complementary
measure) to reduce aviation emissions while
addressing associated social injustices would
be to introduce quotas on the number of flights
or km travelled by plane, per person, within a
given period.

To mitigate the impact of remaining flights,
transition to Sustainable Aviation Fuels (bio-
and e-SAF) should be facilitated by increasing
mandates.

To address the emissions from residual
flights, bio-SAF can be used in priority and yield
a potential 16% reduction in intra-EU GHG emis-
sions®*, The potential for incorporating bio-SAF

is however constrained by the availability of
biomass resources.

Once all these levers are applied (technological
and operational efficiency, modal shift, bio-SAF
incorporation), the remaining emissions can be
further reduced by utilising e-SAF (synthetic
fuels produced from electricity and CO,) as jet
fuel.

Measure 3.10

Enforce and gradually increase incor-

poration mandates for biofuels and
synthetic fuels in aircraft, reaching
100% by 2050

Investments in the transport sector 55



The needed quantities of e-SAF will be inver-
sely proportional to the level of sufficiency
achieved. Despite being more expensive, a full
technological solution can technically address
remaining intra-EU emissions.

With no sufficiency measures, the produc-
tion of up to 13.4 million tons of e-SAF per year
will be needed in 2050, requiring an average
investment of €6.4 billion per year by 2050. This
production would require 140 gigawatts (GWe)
of renewable energy capacity and 328 TWh of
electricity by 2050, representing 12% of the cur-
rent EU-27 power consumption. This estimation
is twice the coverage anticipated by energy
scenarios like TYNDP.

Considering the same public support ratio used
in the energy sector for low-carbon electricity
production assets, and including only extra
capacities compared to those already consi-
dered in the energy section (€3.1 billion euros
per year), this would represent a maximum of
€1.2 billion of additional public expenditures.

Measure 3.11

Support the installation of additional
EnR capacity for intra-EU e-SAF pro-
duction

Public extra-cost
€1.2 billion per year

Sufficiency is however non-negotiable when it
comes to mitigating emissions from internatio-
nal air transport. The optimal balance between
sufficiency and e-SAF production should be
democratically determined.

In the context of international transport
(all flights departing from EU airports), a 0%
sufficiency / 100% e-fuel ratio would result in
impractical requirements: e-SAF 2050 produc-
tion would need to triple to over 40 million tons,
necessitating 405 GWe of low-carbon electricity
production assets (equivalent to 20 times the
current Belgian production capacity) and a +34%
increase in current electricity consumption
solely to meet aviation demands (considering
the already challenging task of doubling electri-
city production for other purposes, as detailed
in the energy section). In contrast, excessively
high or rapidly imposed sufficiency levels (via
increased ticket prices or quotas) could be
resisted by the public. Between these challen-
ging extremes, there are a range of options
(cf. Figure 3.17) that should be democratically
determined by the EU population.
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Area of democratic debate between sufficiency (social acceptance) and e-SAF production
(technical feasibility and additional cost)

e-SAF CAPEX (bn€)
Add. RE capacity (MWe)

Theoretical max

I ,,,,,,,,,,,

Technical,
industrial
and material
feasibility
area
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Area of
democratic
debate

Transition to zero carbon navigation

Boats must also transition to low-carbon
propulsion methods to mitigate their emissions
(16 million tons of CO,-eq in 2021). The objective
is a complete decarbonisation of both maritime
and inland waterway transportation, shifting by
2050 to propulsion systems primarily powered
by electricity, biogas, or ammonia depending
on the weight and type of vessel.

The investment required to transition the mari-
time and fluvial sector is approximately €536
billion by 2050, averaging around €20 billion
annually.

This encompasses the shift to electric propul-
sion systems for small fishing and leisure boats
and, in the case of the merchant fleet, extra cost
for adapting port infrastructure and switching
onboard engine to low carbon propulsion sys-
tems (biofuels, electrofuels and blue fuels)®.
Establishing alternative fuel infrastructure
(including fuel production and storage capa-
city, and port adaptation) entails a substantial
investment, accounting for approximately 90%
of the total required investment.

To smooth the transition, a state support for
eco-converting boats is proposed, which would
mirror the existing automobile conversion subsidy.

Support would vary based on vessel type
and stakeholder capacities. Estimated annual
costs for onboard technologies and infrastruc-
ture subsidies are approximately €8.6 billion
annually until 2050, marking a new fiscal com-
mitment in the absence of existing support.

Measure 3.12

Support the switch to a low-carbon

navigation fleet

Public extra-cost
€8.6 billion per year
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@XD pevelop soft mobility and
encourage modal shift

A large proportion of passenger-kilometres
travelled involves journeys of less than 10 km
that could be made by bicycle or electric bike
(e.g. 62% in France“).

Along with trains, ‘light’ modes of transpor-
tation such as bicycles must be promoted as
an alternative to cars. The promotion of these
mobility options, along with the expansion of
public transportation, enables the anticipated
23% reduction in the number of passenger cars
outlined in section 3.2.1.

Cycling infrastructure must be developed and
financial support must increase to ensure that
every European has access to a bike.

A target ratio of 1.1 bicycles per person in
Europe by 2030 is recommended by ADEME* (the
French ecological transition agency), encompas-
sing all types of bikes*, for both private and
commercial uses.

150

100

50

Facilitating the rapid advancement of active
mobility depends on secure and efficient
infrastructures for ‘light’ transportation modes,
such as cycle lanes and parking stations. Den-
mark can serve as a benchmark for modelling
transition scenarios in other nations*. The
strategic imperative lies in developing these
infrastructure facilities rapidly by 2030, with a
smoother continual expansion trajectory until
2050.
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Extra-cost bike
® Extra-cost infrastructure
® BaU cost bike
® BaU cost infrastructure
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To ensure the accurate tracking of both bicycle
numbers and associated infrastructures, it is
imperative to improve the quality of data col-
lection, given the current challenges in obtai-
ning robust information on these matters.

Soft mobility public expenditures must triple,
mostly before 2030.

year goal suggested in the latest German Natio-
nal Cycling Plan®. This funding aims to attain
the 2050 objective of 4.6 metres of bike lanes
and green paths per inhabitant, mirroring Den-
mark's 2022 achievement*®,

Measure 3.13

Considering both new infrastructures and bicy-
cle subsidies, public investment at the EU-27
level for the transition of this sector is esti-
mated at €15.5 billion per year (of which €10.5
billion are additional to the BaU trend)“:. This
constitutes approximately 17% of the total
required investments. The public investment
equates to about € 34 per capita per year, which
can be contrasted with the €30 per capita per

Increase Support for Active Mobility

Public cost
€15.5 billion per year
Public extra-cost
€10.5 billion per year

Notes
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Sufficiency, circularity, T ROUSSEAU
transformation

Current emissions and reduction potential

Decarbonisation levers to mobilise:

1. Reduce industrial production through end-use
sufficiency

. Increase material efficiency 77%

757

Mt CO,eq/year . Increase energy efficiency

. Decarbonise industrial energy mix 2050 decarbonisation

. Develop low-carbon innovative processes potential

©

. On-site Carbon Capture, Utilisation and Storage

N o a0 b~ WODN

. Develop EU strategic industrial sectors for the
transition

Global investment needs
UE-27 global investment and extra-investment
Business-as-usual ‘Road to Net Zero’

(BaU) Trend scenario Transition scenario Business-as-usual
‘grey’ investment

25
@® Decarbonised
20 investment
Required extra .
15 investment @ Extra-investment
10 Redirection of
current investment
5 — 0 H Ve oward ansitio
[
0

Global investment and extra-investment per lever, per country (in % of GDP):

Total investment Total extra-investment
0,1% - 0,07%
) est of industry . 0.15%
0,20% Paper-Cardboard  01°%
0,16% © Sugar
0,15% @ Construction .
0’10%0 0 0 110/0,12% materials 0.10% 0,07°
,10% 117 (cement, glass)
010% " - o0o08% . 009%
- 0,08% ,08% @ Metallurgy (steel,

aluminium) 0,05%

@ Chemistry (alcenes,
chlorine, ammonia,
methanol)

0,05%

0%
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Public investment needs

Total public investment in
proposed public policies

7 bn€/year

[
[
[
bn€/year
® On-site Carbon Capture, Utilisation and Storage
v @ Extrapolation to the rest of industry
® Develop EU strategic sectors

+ Set long-term targets for CO, emission standards in heavy industry and bans on
certain high-carbon processes

+ Extend Temporary Crisis and Transition Framework (TCTF) after 2025
+ Strengthen Carbon Border Adjustment Mechanism (CBAM) ambition
+ Strengthen Net-Zero Industry Act (NZIA) tools with financial and technical support

Complementary
measures:

Public share in total
investment

439%

Total extra public investment in proposed public policies: 5,1 bn€/year

Public extra-investment
in % GDP

0,03%

Increase material efficiency
Increase energy efficiency
Decarbonise industrial energy mix

Develop low-carbon innovative processes

Sector’s weight in necessary investments (in % of all sectors)

TOTAL INVESTMENT (Public + Private)

TOTAL

1,6% 4,60/0

Key takeaways

« The challenge for the industrial sector is twofold:
decarbonising its emissions and developing
strategic transition sectors on EU soil, such as
the manufacture of solar panels, electric battery
production and recycling facilities, etc.

* The GHG emissions of the EU industrial sec-
tor - standing at 757 million tons of CO,-eq in
2021 - can be decreased by 75-80% by 2050.

« To achieve such a decarbonisation, an invest-
ment of approximately €670 billion is nee-
ded, averaging €25 billion annually. This would
mean tripling the €230 billion already earmar-
ked for investment.

PUBLIC INVESTMENT*

TOTAL EXTRA

1,4% 2%

« Of this amount, €440 billion (€16.5 billion per
year) is required to decarbonise the European
industry. Based on current subsidy schemes
for industrial decarbonisation, about €190
billion should be taken up by the public sector.
This means an additional public investment
- compared to business-as-usual - of €140
billion until 2050.

« In addition, €235 billion (8.5 billion per year)
of both public and private investments are
needed to scale up strategic sectors of the
transition. This means an extra investment
- compared to business-as-usual - of €120
billion until 2050.

* Only public investments for decarbonising the industry have been estimated, and not public investments to scale up strategic
transition sectors (production of solar panels, batteries, etc.) (see below)
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In 2021, the European industrial sector emitted
757 million tons of CO,-eq, ranking as the
third-highest emitting sector, but with the
second-lowest decarbonisation investment
requirement.

This study focuses on the nine most ener-
gy-intensive activities (steel, cement, hydrocar-
bons, glass, paper-cardboard, ammonia, sugar,
aluminium, chlorine) and methanol, which
constitute 60% of the sector’'s emissions. The
rest is extrapolated.

To decarbonise the European industrial sector
by 2050, an investment of approximately €670
billion is needed, averaging €25 billion annually.

Of this investment, 38% is needed to decar-
bonise the ten sub-sectors of focus, 27% will be
used to decarbonise the rest of industry, and
35% will serve to scale up strategic sub-sec-
tors (production of solar panels, wind turbines,
batteries...). This would mean tripling the €230
billion already earmarked for investment.

Building a competitive low-carbon industry
is challenging, which is why significant public
support is needed.

Indeed, climate-friendly production is signifi-
cantly more expensive than traditional produc-
tion (e.g. +0-20% for steel, +20-43% for plastics,
+70-115% for cement’). Public support is crucial
for the EU to remain competitive. The tran-
sition requires support that is both financial
(to attract industrialists, mitigate rising energy

costs, compensate for higher wages compared
to economies such as China or India) and regu-
latory (ensuring material supply, providing
long-term outlooks, protecting the EU market).
A proactive approach from the EU and Member
States is needed for industrialists to anticipate
market conditions and make informed invest-
ment decisions in this capital-intensive sector.

This transition would require around €190
billion of public funds, covering approximately
43% of the total investment. To sufficiently scale
up strategic sectors, €234 billion of both public
and private investment is needed.

Industrial activity is impacting the environment,
and will soon face reciprocal consequences.

Like many other sectors, industry is res-
ponsible for putting pressure on ecosystems,
through pollution and disturbance of natu-
ral habitats. Environmental changes will also
impact industries. Industrial actors need to start
preparing for significant fluctuations caused
by climate change and biodiversity collapse.
The physical risks associated include storms,
floods, fires, rising temperatures, decreasing
productivity, and pandemics. These risks can be
direct (and endanger the assets owned by the
industrial player) and/or indirect (raw materials
supply issues, systemic crisis). Fostering resi-
lience should thus be a priority.
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0 Emissions of the sector

Industry is the third most emitting sector in
Europe, with 22% of total emissions.

The European industrial sector emitted 757
million tons of GHGs in 2021 (scope 1), com-
prising 22% of the EU's net GHG emissions
and ranking third after energy production and
transport. Emissions in the EU-27 decreased
from 1,174 million tons in 1990 to 757 million
tons in 2021, a 33% reduction or 13 million tons
per year on average. All countries under study
achieved reductions of 27% to 38% during this
period, except Poland, where a 15% reduction
was observed.

To achieve the ‘Fit-for-55' 2030 target aligned
with the sector's current share, the historical
emissions reduction pace would need to triple.
To achieve the 2050 target, the pace would need

to increase by 50%.

Projections based on existing policy mea-
sures indicate that meeting the 2030 and 2050
targets is - under current conditions - extremely
unlikely, as illustrated in Figure 4.1. For the 2050
target to be reached, yearly decarbonisation
efforts must increase from an average of -13
to -20 million tons of CO,-eq per year. This is
a significant increase, especially considering
that past emissions reductions were strongly
linked to European deindustrialisation? Europe
needs to reverse this trend and thus reduce its
carbon footprint, create local jobs, and improve
its commercial balance and geopolitical inde-
pendence. In particular, Europe must develop
key sectors for the low-carbon transition (solar
panels, batteries, and heat pumps) within its
own borders.

Industry past UE-27 domestic emissions and progress towards achieving 2030 and 2050
targets, in million tons of CO, equivalent (MtCO,e).?
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The seven countries scrutinised in this report*
represent 70% of EU-27 industrial emissions,
with Germany contributing to 25%.

The industrial sector encompasses a wide
variety of sub-sectors, preventing an exhaus-
tive bottom-up analysis. Instead, the nine most

emissions

1,7% H
® Germany ® Poland
® France The Netherlands
® ltaly ® Sweden
® Spain ® Rest of the EU-27
sy INSTITUT
TT ROUSSEAU

energy-intensive industries were assessed -
which, by order of emissions, are steel, cement,
pulp & paper, olefins & aromatics, ammonia,
glass, aluminium, chlorine, sugar - to which was
added methanol production®. Together, they
represent 60% of the industry’s scope 1 GHG
emissions (Figure 4.2.)

Share of EU countries (left) and industrial sub-sectors (right) in EU industrial GHG

1,8%
2,9% L
4% 4,2%
® Steel ® Glass
® Cement @ Aluminium
Olefins & Aromatics @ Dichlorine
Paper-Cardboard ® Sugar
® Ammonia ® Rest of the industry
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9 How to decarbonise the sector?

A 75-80% reduction in industry GHG emissions
can be achieved by 2050.

A 75-80% reduction of GHG emissions can be
achieved by 2050 across the ten sectors studied.
A parallel reduction in non-covered sectors is
assumed. The emissions transition for each
sector is depicted in Figure 4.3.

This reduction is attained through five types
of levers:

1. Sufficiency: reducing the production of cer-
tain industrial products through policies and
practices curbing consumption needs.

2. Material efficiency: expanding and enhancing
recycling, reusing products, and minimising
material losses or usage in industrial pro-
cesses. Direct product reuse reduces produc-
tion needs, and recycling usually consumes
less energy than raw material production.

3. Energy efficiency: reducing energy needs per
material unit of production while maintaining
the production process and energy mix.

4. Process Change: overhauling or significantly
altering the production process of specific
materials to decarbonise, such as using inert
anodes in aluminium production or adopting
direct reduction of iron in the steel sector.

5. On-site Carbon Capture, Utilisation and Sto-
rage (CCUS): capturing concentrated CO, emis-
sions from industrial flue gases and either
converting it into new products (chemicals of
e-fuels) or storing it underground. Used only
where no other solution is foreseen to enable
a significant reduction in GHG emissions.

EU industrial GHG emissions in
2022 and in 2050 as per the RtoNZ
scenario (in MtCO,eq. per year)

800
700
600
500
400
300
200

100

Current Estimated
emissions emissions
in 2050
Rest of the industry Paper-Cardboard
® Methanol Olefins & Aromatics
Sugar ® Cement
® Chlorine @ Steel
@ Aluminium
T AT
® Ammonia

Classifying levers within these categories is
somewhat arbitrary. For example, electrifying
industrial processes is categorised as energy
mix decarbonisation but often results in signi-
ficant energy efficiency gains.

These levers contribute uniquely to sector
decarbonisation. Figure 4.4. illustrates each
lever's contribution to decarbonising the sec-
tors covered by 2050, reflecting both scenario
orientations and varying difficulty in decarbo-
nising certain productions.
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Overall decarbonisation reached for the 10 studied sub-sectors, and share of each lever

type in this decarbonisation®
100%

]
50%

25%

® CCS

Energy mix
decarbonation

Process change
Energy efficiency

Material
efficiency

@ Sufficiency

O B

-25%

Ammonia Chlorine Methanol Olefins & Cement  Glass
Aromatics

Sufficiency is crucial for certain sectors, par-
ticularly for ammonia production, for which a
full transition towards agroecology results in
the end of the use of nitrogen fertilisers, thus
significantly reducing ammonia demand. Less
demand for cement stems from demographic
changes, higher average dwelling occupancy,
wood substitution, decreased public works, and
smarter design. This also contributes to lowe-
ring the demand for steel. Sufficiency levers
drive a 19% overall GHG emissions reduction,
underscoring the role of limiting consumption
for decarbonisation. Our assessment, guided by
the CLEVER scenario, aligns with industrial tran-
sitions that are based on ambitious sufficiency
principles. These principles are inspired by the
‘doughnut’ economy approach (cf. Box 4.1.)

Material efficiency is key to decarbonise the pro-
duction of plastics (via chemical and mechanical
recycling - olefins & aromatics), steel (scrap-
based production), and glass (increased use of
glass cullets in furnaces). Although not reflected
in Figure 4.4. (cf. Footnote 6), significant growth in
recycled aluminium production reduces emissions
from emissive primary production and curtails
steel use. Material efficiency levers achieve a 15%
overall GHG emissions reduction, emphasising
the role of circular economy in decarbonisation.

Steel  Aluminium  Sugar

paper. ‘= INSTITUT
cardooard T ROUSSEAU

Process changes are pivotal for olefins & aromatics
(shifting to the Methanol-to-olefins route), steel
(moving from blast furnace to direct reduction of
iron), aluminium (using an inert anode), and paper-
cardboard, achieving an 18% emissions reduction.

Energy mix decarbonisation, through electrifi-
cation (e.g., olefins sector crackers), low-carbon
hydrogen use (e.g., ammonia production), or bio-
gas and biomass utilisation (e.g., methanol, sugar,
glass), accounts for a 17% emissions reduction.

Enhanced energy efficiency is notable in the
chlorine sector (with oxygen depolarised
cathodes), cement, and paper-cardboard sec-
tors (utilising best available techniques), resul-
ting in a 5% emissions reduction.

Caution is warranted concerning CCS technology
uncertainties. In this model, it is considered
only for the cement sector and a limited share
of steel production in Sweden, contributing to
a mere 4% emissions reduction.

Along with reducing industrial emissions,
increasing certain industrial productions plays
a crucial role in enabling the decarbonisation
of other sectors (e.g. transport, buildings, etc.)
and must be scaled up to meet EU demand.
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Figure 4.5 depicts current, planned, and required capacities for strategic industrial technologies.
By 2050, substantial new capacity is essential, especially if planned increases fail to materialise,
as could be the case for solar panels (due to current industry challenges).

Production capacity of various industrial sectors (left), production and recycling
capacity of electric vehicle batteries (right) (in GWh per year)

Production/recycling capacity of vehicle batteries -
current, planned and needed

Production capacity of various industrial strategic
sectors - current, planned and needed

GWh/year Estimated GWh/year Estimated
1500 increase needed 80 increase needed
beyond planned beyond planned
capacity capacity
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planned capacity planned capacity
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@ Current @ Current
500 ) .
production 20 production
capacity . capacity
0 — — 0 -
EI_ectric car Elgctric car = NSTITUT Solar  Wind turbines  Heat Electro- e INSTITUT
batteries production  batteries recycling  WIT ROUSSEAU panels (offand onshore) pumps  lysers  TIIT ROUSSEAU

The CLEVER scenario (Collaborative Low Energy Vision for the European Region)

RtoNZ industrial transition scenario is
based on the CLEVER scenario, crafted
in 2022-2023 by a network of European
organisations led by the French think
tank negaWatt. This scenario outlines a
detailed decarbonisation path for Europe
and, unlike many scenarios, a detailed
decarbonisation path for Europe. Unlike
many scenarios, it offers comprehensive
insights into transforming industrial pro-
duct consumption and production, and
their associated energy use. Notably, the
CLEVER scenario places demand mana-
gement at the forefront of the low-car-
bon transition, emphasising sufficiency
as a reliable method for greenhouse gas
(GHG) reduction. This approach stands out

against doubts surrounding the effective-
ness of technological switches in achieving
substantial emissions reductions while
maintaining (or even increasing) material
consumption and waste.

Moreover, the CLEVER scenario priori-
tises security and resilience by dimini-
shing Europe's reliance on critical material
imports, presenting additional advantages
from biodiversity and resources manage-
ment standpoints. Specifically in the indus-
trial sector, the scenario demonstrates the
feasibility of significantly reducing the pro-
duction of high-emission products through
rationalised needs and improved material
efficiency’.
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e How much investment does it require?

We project that the transition of the EU industry
requires a total investment of €670 billion by
2050, averaging €25 billion annually®.

Decarbonising the ten sectors requires
around €255 billion (€9.5 billion per year), with
an extra €180 billion (€7 billion per year) esti-
mated for the rest of the industry. To scale up
strategic industrial sectors, €234 billion (€8.5
billion per year) is required.

This would mean tripling the €230 billion
already earmarked for investment.

This €230 billion figure is likely a conserva-
tive figure® and does not include business-as-
usual investment in renewing conventional
industrial capacities. Specifically, €120 billion

125

100

75

50

25

oll--_I

is designated for the decarbonisation of the EU
industry, and an extra €110 billion is planned for
strategic sector development.

Further breakdowns by country, sector, and
lever are provided below.

- Figure 4.6. presents a country ranking based
on investment needs for decarbonisation,
which proves similar to industrial GHG emis-
sions. Notably, Italy needs fewer investments
than France, mainly due to less planned pro-
duction of low-carbon primary steel in 2050.
The Netherlands stands out for its extensive
decarbonisation investments, primarily fueled
by significant commitments from the carbon
contracts for difference (SDE++) program with
planned investments extending until 2038.

Additional
investment
needed

® Investment
already planned

Germany France Italy Spain

- Figure 4.7 illustrates the varying investment
needs across EU sectors, with Olefins & Aro-
matics and Steel ranking first. Substantial
investments are imperative for decarbonising
olefins & aromatics due to adopting the Metha-
nol-To-Olefins (MTO) process. This requires a
complete process overhaul and new metha-
nol production capacities, entailing conside-

l P INSTITUT

Poland Netherlands Sweden Rest of EU 1“r ROUSSEAU

rable costs. Similarly, the steel sector needs
high investments to replace blast furnaces with
direct reduction units and electric arc furnaces.
In contrast, cement's significant decarbonisation
investments are tempered by a strong emphasis
on demand reduction in the transition scenario,
aligning with demographic shifts, enhanced
co-living, and decreased public works.
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« Analysing decarbonisation levers, investments
in process change and material efficiency pre-
dominate (Figure 4.8.), encompassing costly
technologies like chemical recycling, MTO, and
direct reduction of iron in the steel sector.

Sugar Chlorine  Return system Glass Ammonia  Methanol

for containers

mix decarbonisation stem from significant
energy sector investments addressing indus-
trial energy consumption. Lower investment
requirements for CCS result from a deliberate
effort to minimise its use.

Relatively modest investment needs in energy
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How can public authorities promote and
facilitate this transition? What extra
investments might the public incur?

Scaling up public investment at country level

To mobilise necessary funds for industrial  bonisation investments (weighted average).
decarbonisation, it is suggested to amplify It is assumed that this average support rate
current public investment mechanisms. Exis-  will persist throughout the low-carbon tran-
ting subsidy programs in the studied countries  sition, leading to a public-private investment
(excluding Poland due to data limitations) cur-  breakdown as depicted in Figure 4.9.
rently subsidise around 43% of industrial decar-

Public and private decarbonisation investment and extra-investment per country (in
€billion)

100

© Private transition
investments

© Public transition
investments

® Private BaU
investment

@ Public BaU
investment

Sy INSTITUT
Germany France Netherlands Spain Italy Sweden “Ir ROUSSEAU

Required public investment and extra-investment in industry decarbonisation are pre-
sented in total amounts until 2050 rather than in yearly amounts, as is done for other

sectors. This stems from a required extra-investment significantly lower before 2030 than
after 2030. Therefore, presenting an average extra-investment over the 2023-2050 period
would be misleading.
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Measure 4.1

Increase public support to industrial decarbonisation investments

Public cost
€190 billion per year - 7 billion per year

Public extra-cost
€139 billion per year

Sufficiency in the industry sector: a concept for further

refinement

The European Commission advocates expan-
ding the integration of the sufficiency concept
into European policies™. Reducing demand for
various goods will decrease the manufacturing
needs, and therefore industrial demand. For
instance, reducing new constructions and car
traffic could decrease steel demand by 15% by
2050 compared to 2015". Additionally, suffi-
ciency is crucial in preventing typical rebound

Measure 4.2

effects that may follow the implementation of
the energy efficiency measures outlined below.

Sufficiency in the industry hinges on policies
that decrease demand for manufactured pro-
ducts, targeting broader sectors than just the
primary sector. The EU or EU countries should
consider the following policy measures:

Set of measures 4.2% to decrease demand for manufactured products

- Extend warranty duration for electronic
products (laptops, phones) at 5 years and
10 years for heavy household appliances.
Accompany this extension with a prohi-
bition of software obsolescence, parti-
cularly for smartphones and electronic
tools.

- Implement stringent weight and size
limits on key durable goods such as cars
(average SUVs are 40% heavier than ave-
rage cars). cf. Transport section.

- Encourage shared use of vehicles and
buildings through initiatives like high
occupancy vehicle lanes or higher taxes
for low occupancy levels in homes.

- Tax second home ownership through
strong and progressive taxes on second
home ownership to limit construction
needs. cf. Buildings section.

- Increase the regulation on advertise-
ments, especially on products with a
high-carbon footprint

- Launch communication campaigns tar-
geted at the general public to promote
sufficiency, for instance during high
consumption periods (Black Friday®,
Christmas...)
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Energy efficiency and process change

Energy efficiency and process changes are
vital for industrial decarbonisation, and Europe
uses several tools to leverage this potential:

- Energy Efficiency Directive: Established
in 2012 and updated in 2018 and 2023, this
directive aims for an 11.7% reduction in energy
consumption compared to 2020 projections™.
It mandates regular energy audits for major
consumers and requires large companies to
implement an energy management system
(EMmS).

« Ecodesign Directive: This directive sets per-
formance criteria for manufacturers, covering
products like air conditioning, heating, and
industrial furnaces. With 31 product groups and
an estimated €120 billion energy bill impact,
it targets a 10% annual energy consumption
reduction, with a revision underway™.

+ Emission Trading Scheme (ETS): Applicable

to electricity and industry, the ETS was refor-
med due to oversupply and free allowances

Measure 4.3

issues’. Although the too-low carbon price
historically deterred few emissions, it reached
an average of €80/tCO,-eq in 2022.

+ The Carbon Contracts for Difference (CCfD),
which allow for companies engaged in the
decarbonisation of their production to be
compensated by 15-year agreements covering
for their extra costs required to convert their
production®.

In the current European geopolitical context
leading to an increase in energy prices as well
as a high volatility of these prices (namely for
natural gas and as a consequence electricity),
energy efficiency measures enable industrial
players to better manage their OPEX costs. It is
a major co-benefit and might even be a ques-
tion of survival for some of them.

Despite these initiatives, energy demand often
gets overlooked in industrial policies. The EU
should consider the following policy measures:

Set of Measures 4.3 to improve industrial energy efficiency and foster process change

* Include demand-side technologies in
NZIA and align it with the Green Deal.
Support energy efficiency and technolo-
gical substitution in major industry sec-
tors like steel, cement, and chemicals and
endorse the Energy Efficiency Directive™,

- Promote innovative tools like energy
consumption monitoring software and
train new qualified workers, such as
energy auditors or managers®.

- Set long-term targets for CO, emission
standards in heavy industrial produc-
tions and bans on certain high-carbon
processes. This enables industrialists to
anticipate and plan necessary invest-
ments for regulatory compliance.

- At the country level, assess the rele-
vance of setting CCfD programmes, as
Germany and the Netherlands have
done. These prove efficient in reducing
or eliminating uncertainty related to the
competitiveness of low-carbon produc-
tion techniques, and therefore facilitate
associated heavy investment decisions.
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Material efficiency and circular economy

Under the Green Deal, the 2020 Circular Eco-
nomy Action Plan (CEAP) introduced measures
for sustainable products, consumer empower-
ment, and reviews of construction regulations
and sustainable textiles®. The EU Parliament
set 2030 targets for sectors like plastics, tex-
tiles, electronics, food, water, packaging, bat-
teries, and construction?. Current revisions of
circular economy regulations aim to decrease
new product demand and foster key raw mate-
rial reuse, reducing reliance on foreign supply
chains and critical materials. However, progress
is slow, notably in the Electrical and Electronic
Equipment (EEE) and plastic industries. The 2012
WEEE directive fell short of its 65% minimum

Measure 4.4

EEE? collection goal in 2018, with 4.7 million
tons left unprocessed®. Regarding plastics, the
2015 goal of recycling 55% of plastic packa-
ging by 2025 faces challenges. The 2018 CEAP
strategy aims for all plastics and packaging to
be reusable or easily recyclable by 2030, with a
goal of recycling ten million tons of plastic by
2025. However, only 14% of waste was collected
in 2021, leaving governments off track for the
2025 target.

To meet EU objectives, efforts should focus on
reinforcing regulations for product reparability,
recyclability, and reusability:

Set of Measures 4.4 to promote material efficiency and circular economy

- Strengthen standards regarding repa-
rability, recyclability and reusability of
products;

- Set up refundable return schemes to
reuse and recycle plastics, glass and alu-
minium containers, in order to maximise
collection rates;

- Encourage innovative business models,
including financially supporting the
adoption of the circular economy (e.g.
service-based models).

- Promote a circular economy in education,
awareness, and training.
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Industry energy supply: energy mix decarbonisation,

electrification, and CCS

In 2020, the EU adopted a comprehensive
hydrogen strategy, to support investment, assist
production and demand, create a new hydrogen
market, encourage research and cooperation,
and strengthen international collaboration. Fol-
lowing the war in Ukraine, a new goal of 10 mil-
lion tons of renewable hydrogen production and
imports has been set for 2030. However, current
estimations project demand at 8.5 million tons,
falling short of the Commission targets. New
laws, including green labels for electrolyzers and
the NZIA's Hydrogen bank, are being formulated
to attract industrial consumers?.

Measure 4.5

CCS is part of the NZIA proposal, targeting 50
million tons of annual CO, injection by 2030 to
mitigate emissions from hydrogen production.
EU-wide CCS projects face challenges, including
storage site availability, capture performance
issues, social acceptance and long-term gover-
nance uncertainties®.

To go further, the following measures could be
taken:

Set of Measures 4.5 to scale up the decarbonisation of the energy mix of EU industries

- Implement widespread deployment
of heat pumps for low to medium heat
requirements in the industry, alongside
electric boilers and other electric pro-
cesses for medium to high temperatures.

* Further encourage the use of green
hydrogen in industrial processes like
steel, olefins, and ammonia, for instance
through the Hydrogen Bank.

m The challenge of scaling up strategic sectors

The European Commission's proposed Net
Zero Industry Act (NZIA) is a response to com-
petition, particularly from the US Inflation
Reduction Act (IRA), as outlined in Box 4.27. The
NZIA, part of the Green Deal, seeks to enhance
Europe's decarbonisation capabilities, cove-
ring 40% of local needs by 2030, and also to
achieve geostrategic independence and indus-
trial resilience?. With a variety of proposed

measures?, the NZIA aligns with the Temporary
Crisis and Transition Framework (TCTF)®, which
permits Member States to support decarbo-
nisation activities. As of September 2023, the
TCTF had secured €742 billion, mainly from Ger-
many and France®. Additional initiatives include
the Strategic Technologies for Europe Platform
(STEP), offering €10 billion for various techno-
logies, presented in June 2023,
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Introducing the US Inflation Reduction Act (IRA)

The IRA was implemented in the USA in
August 2022 and was hailed as a major
policy of the Biden presidency. The IRA
‘aims to catalyse investments in domestic
manufacturing capacity, encourage pro-
curement of critical supplies domestically
or from free-trade partners, and jump-
start R&D and commercialisation of lea-
ding-edge technologies such as carbon
capture and storage and clean hydrogen’.
Valued at USD 500 billion of subsidies
(spending and tax breaks), it targets clean
energy and healthcare sectors®. More

While the NZIA may seem modest compared to
the IRA, it aligns with broader European climate
policies. The IRA allocates USD 269 billion (€337
billion) to climate and industry, with an invest-
ment that could total USD 1 trillion with private
sector support. International competition is
intense, with China leading in solar panels, bat-

Measure 4.6

specifically, the IRA aims to lower energy
costs for individuals, increase the country’s
energy independence (and reduce its
reliance on China), invest in innovative
decarbonisation solutions, and prioritise
investments for disadvantaged and rural
communities®. The IRA faces challenges,
particularly from the Republican Party®,
and struggles with some sectors, such as
offshore wind*®. So far, it has been unable
to slow down oil production, which broke
anew record in October 2023, reaching 13.2
million barrels per day”.

teries, and electric vehicles®. To address this,
the EU should consider further measures to
strengthen the NZIA and compete globally, given
the rising influence of countries like India and
its Production Linked Incentives (PLI) subsidy
programme?®, Malaysia, and Vietnam.

Strengthen the NZIA and TCTF to develop transition-related European production assets

despite international fierce competition

Possible sub-measures include:

- Expanding the support under the NZIA
and the TCTF to regions, OPEX, and energy
efficiency technologies

- Extending the TCTF after 2025

- Setting rules so that the TCTF does not
generate a subsidy race that the largest
economies would eventually win

- Working with the different Member
States so they adopt local production
criteria in their tenders

- Allowing for emergency support pac-
kages to support industries that may suf-
fer from unfair competition from abroad
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Strengthen the ambition of the Carbon Border Adjustment

Mechanism

The Carbon Border Adjustment Mechanism
(CBAM), to be effective in 2026, aims to pro-
tect the European market against climate
dumping. Covering the cement, iron and steel,
aluminium, fertiliser, and electricity sectors,
it requires importers to purchase certificates

envisions a gradual phase-out (2026-2035) of
the current distribution of free quotas on the
European carbon market. Although welcomed,
it has some pitfalls and uncertainties that may
limit its impact. The EU should consider the
following CBAM revisions:

on the European carbon market. The proposal

Measure 4.7

Set of Measures 4.7 to reinforce the Carbon Border Adjustment Mechanism

- Accompany CBAM by ending the free
allocation of quotas, instead of imple-

- Extend CBAM to other products and
manufactured goods to avoid substi-
tution of covered basic products with
downstream products not covered by
the mechanism (e.g., substituting steel
and aluminium imports with packaging
containing these materials).

menting a gradual phase-out. Extending
CBAM without ending free allocation
would impose a higher carbon cost on
imported products than on market-ma-
nufactured products, which does not
constitute an incentive to decarbonise.
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Extensify, despecialise,
re-territorialise and transition to
agroecology
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Current emissions and reduction potential

Action levers to mobilise:

1. Reduce herd size and adapt breeding

456 practices 53%

Mt COeq/year 2. Convert crop systems to agroecology
3. Convert tractors to low-carbon 2050 decarbonisation
technologies potential

Global investment needs

UE-27 global investment and extra-investment

Business-as-usual ‘Road to Net Zero'
(BaU) Trend scenario Transition scenario ® Business-as-usual
200 ‘grey’ investment
@® Decarbonised

150 investment
Required ext .
et 47 bn€/year I ® Extra-investment

100

155
bn€/year

Redirection of

current investment I
towards transition 108 bn€ / year I

Global investment and extra-investment per lever, per country (in % of GDP):

e 108 bn€/year

Total investment Total extra-investment

0,96% 0,28%

3% 1%
0,89% tractors

® Convert crops
to agroecology

@ Affordable
quality food

0,75%

2%

1,3% 0,50%

@ Reduce herd size
(compensate
farmers)
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Public investment needs

Total public investment in Public share in total Public extra-investment
proposed public policies investment in % GDP

108 vrcsyear 70% 0,27%

@ Total extra public investment in proposed public policies: 44 bn€/year
@® Support fund for the transition of the meat industry

bn€/year

@ Support to affordable quality food

® Support to organic farming and agro-ecology
(conversion, maintenance, setup)

® Tractor conversion premium

-25,3
Progressive tax
on intensive
meat

Complementary + Conditioning CAP subsidies based on the amount of labour rather than land area
measures: + Promoting functional integrated crop-livestock management systems

Sector’s weight in necessary investments (in % of all sectors)

TOTAL INVESTMENT (Public + P PUBLIC INVESTMENT

rivate)
TOTAL EXTRA TOTAL EXTRA

10% 13% 21% 17%

Key takeaways

* When it comes to agriculture, the objective of climate mitigation must be put in the broader
perspective of transitioning towards a sustainable food system.

» Europe’s Common Agricultural Policy (CAP) historically prioritised a productivity-driven approach
to ensure food self-sufficiency. This model is outdated and detrimental to soil health, biodiversity,
water resources, the climate, and human health.

« Agroecological practices must replace the current chemical-intensive productivity-driven agricul-
ture approach. To do so, a rise of ~25% in current CAP subsidies is necessary to align with levels
provided by EU countries or regions with exemplary historical conversion rates.

« Livestock accounts for a significant part of agricultural emissions. To cut these emissions, pro-
ducers need to reduce their herds and consumers need to eat less meat.

« Tax policies can help to transform the agricultural sector. To guarantee a fair transition, the tax
revenues should be redistributed to compensate farmers’ losses and support efforts toward
affordable quality food.

« Direct CO, emissions, primarily related to greenhouse heating and the combustion of fossil fuels
in tractor engines, can be mostly eliminated by switching to low-carbon energy sources.
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For climate mitigation, agricultural sector
should aim to transition towards a sustainable
food system, which prioritises human health,
conserves natural resources and biodiversity,
and is adaptable to climate change.

Agroecological practices must replace chemi-
cal-intensive productivity-driven industrial
agriculture.

Europe’s agricultural policy, defined under
the Common Agricultural Policy (CAP), initially
focused on post-war food self-sufficiency, prio-
ritising a productivity-driven approach. This
model is outdated, as it pollutes soils and clean
water, threatens biodiversity and the climate,
and is detrimental to safe employment and
human health. In response, innovative agri-
cultural practices, collectively termed ‘agroe-
cology’, are emerging. Agroecological practices
view agrosystems holistically as ecosystems,
emphasising intricate interactions between
soil and living organisms. Unlike traditional
productivity-centric approaches, agroecology
prioritises the multitude of ecosystem services
provided by agricultural systems and highlights
soil as a primary production factor, often invol-

ving minimal soil disturbance. In the absence
of an agroecology label, agroecology is mainly
represented (and approximated here) by the
‘organic’ label, sometimes supplemented by
other agro-environmental measures. Organic
farming represents around 9% of Europe’s Use-
ful Agricultural Area (UAA) in 20202

This report outlines measures to decarbonise
the European agricultural sector and transition
to a resilient, environmentally friendly model.
This vision of the 2050 food system is based on
the TYFA-GHG scenario developed by IDDRI and
AScA3. While some measures are technical, most
aim at systemic change, departing from domi-
nant forms of agriculture. Several measures also
aim to diversify and enhance farmers' income
sources, transforming the economic model by
rewarding environmental contributions through
the combination of market redesign and public
policy support.

The estimated annual investment required to
reduce EU-27 agricultural emissions by 53%
from now until 2050 is €155 billion, requiring an
extra annual public investment of €44 billion.

Total (left) and public (right) investments and extra-investments required for
agriculture, per decarbonisation lever (in €billion per year)

100
75
50

25

-

Reduce herd Support to Convert crop Convert
size and adapt  affordable systems to tractors to
breeding quality agroecology  clean energy
practices food (incl. AECMs)

@ Extra cost of transition @ Total cost of BaU
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Agro-ecology benefits expand far beyond emissions reduction

Shifting towards agro-ecology include significant co-benefits on top of emissions reduc-

tion, including:

Biodiversity and biogeochemical impro-
vements

« Phasing out agrochemicals promotes
healthier soil and agroecosystems.

- Agroecological infrastructures (AEI)
like permanent grasslands and hedges
enhance ecological structure (cf. Carbon
sinks section).

- Agricultural practices, such as permanent
soil cover, boost organic matter and bio-
logical activity.

Farming efficiency and employment

- Reduced reliance on inputs and capital
creates (better-paid) jobs.

- Diversified farming systems increase resi-
lience to unpredictable weather patterns.

- While the yields of agroecology may be
lower than present-day conventional far-
ming, they are more resilient. Yields of
high-input farming are stagnating and
are becoming more and more variable
and might decrease in the short future.
Thus, it is socially and economically risky
continue with highly productive farming.

Health Benefits

- Eliminating agrochemicals enhances wor-
king conditions for agricultural workers.

- Promotes a healthier diet for the entire
population.

Trade balance

- Enhancing Europe's trade balance by gra-
dually phasing out imports of chemical
fertilisers, amounting to €6.7 billion*, and
soybean, amounting €8.8 billion in 2022°,

Land-use impact and carbon sequestra-
tion (cf. Carbon sinks section)

- Suspending soybean/plant protein
imports for animal feed prevents defo-
restation in exporting countries®.

- Carbon sequestration’ is enhanced
through composted inputs, crop rotation
with legumes, cover crop use, extensifi-
cation, and organic conversion.

Climate adaptation

- Addresses issues like pest/disease out-
breaks through increased biodiversity
(natural control).

- Agroecological infrastructures act as bar-
riers against extreme climatic events.

- Improved soil structure aids water
absorption during floods and drought.

- These measures collectively contribute to
a sustainable and resilient food system
amid escalating climate challenges.
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0 Emissions of the sector

The agricultural sector accounts for approxi-
mately 13% of Europe’s domestic emissions,
totaling 456 million tons of CO,-eq in 2021.

These emissions are split as follows:

* 54% to livestock, primarily from methane emis-
sions, with 74% originating from enteric fer-
mentation and 26% from the open-air decom-

position of animal waste (manure, slurry).

* 26% to crop cultivation, predominantly emit-

ting nitrous oxide (N,0) linked to nitrogen
fertilizer use.

*17% to energy consumption, including
machinery (mainly tractors) and greenhouse
heating.

These emissions have remained constant over
the past decade, and the current business-as-
usual trend, considering existing policy mea-
sures, reveals a significant gap with the 2030
and 2050 targets, as shown in Figure 5.2.

Agriculture past UE-27 domestic emissions and progress towards achieving 2030 and
2050 targets, in million tons of CO, equivalent (MtCO,e).?
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A shift toward the agro-system described
by the TYFA-GHG scenario would lead to 45%
emission reductions’ of the agricultural sector
by 2050. This reduction is achieved through:

- Ending chemical fertiliser use: the biggest GHG
reduction comes from significantly reducing
N,O and CO, emissions by no longer using
or producing chemical fertilisers, particu-
larly nitrogen (reduction from production is
factored into the industry sector). TYFA GHG
enables a reduction of -60%" on direct and
indirect N,O emissions for agricultural soils
by 2050 compared to 2010.

* Better manure management: significantly
reducing emissions in manure management
comes from producing fewer animals and
changing practices, especially in the bovine
herd. This includes the shift away from liquid
manure through increased use of straw and,
to a limited extent, its collection for biogas
production (through anaerobic digestion).

« Reduction of enteric fermentation: while ente-
ric fermentation reductions are less significant
due to the maintenance of a substantial cat-
tle population valuing permanent grassland,
efforts are made to reduce emissions by using
feed additives to reduce enteric emissions
from dairy and suckler cows; other ruminants
like sheep and goats are taken into account
but are less significant.

- Improved energy consumption: using fewer
greenhouses that require heating, by produ-
cing more seasonal fruits and vegetables.

The RtoNZ model goes further to address ener-
gy-related CO, emissions. It involves converting
all tractors to low-carbon technologies, prima-
rily biomethane and electricity. Additionally,
electricity consumption becomes decarbonised
(cf. Energy production section), and the model
replaces fossil gas with biomethane (and some
low-carbon electricity) for heating greenhouses.
This comprehensive strategy results in a 53%
reduction in current GHG emissions by 2050.

G What will the 2050 agro-system looR like?

A recap of TYFA-GHG

Agriculture projections are based on the TYFA-
GHG" model developed by the Institute for Sus-
tainable Development and International Rela-
tions (IDDRI) and AScA, using the ClimAgri tool.

Exploring various EU agricultural models for
the 2050 transition, focus must extend beyond
mere greenhouse gas (GHG) reductions. Reco-
gnising agriculture's pivotal role in the food sys-
tem and society, a model that comprehensively
addresses diverse environmental, social, and
co-benefits is needed. Agriculture also requires
reinforcement against current and anticipated
climate challenges.

TYFA stands for Ten Years For Agroecology, and
TYFA-GHG is an alternative scenario that maxi-
mises GHG reductions while equally prioritising
critical issues in the food, agriculture, and land
sectors. Beyond climate mitigation, TYFA tackles

biodiversity conservation, natural resource
preservation (especially water and soils), food
security, and human health concerns linked
to diets and agricultural chemical exposure.
Moreover, TYFA emphasises enhancing adap-
tation capacity at both farm and landscape
levels. TYFA employs a meticulous and conser-
vative approach to systematically evaluate cri-
tical parameters, providing heightened rele-
vance on various fronts. Examples include the
ongoing decline in agricultural yields, the use
of a modelling tool designed to simulate the
dynamics of the European food system, and
emphasis on fundamental constraints like the
nitrogen cycle and feed-food balance.
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The TYFA-GHG model at a glance

Crop production and land-use and transferring fertility from livestock to

- Optimising the nitrogen cycle manage-
ment at the most local level possible. This
involves (i) phasing-out the use of syn-
thetic fertilisers (i) eliminating soybean/
plant protein imports, (iii) reintegrating
legumes into crop rotations, and (iv)
localising livestock systems in cropland
areas in order to maximise fertility trans-
fers, including those from legume-rich
permanent grassland to crops through
composted manure.

- Extensifying crop production towards
agroecological practices includes a
gradual phasing out of pesticides and
above-mentioned synthetic fertilisers,
aligning with organic agriculture practices
such as adopting year-round crop covers.

- Diversifying the agricultural lands-
cape by allocating 10% of cropland to
semi-natural vegetation as agroecologi-
cal infrastructure. This strategy includes
the strategic redeployment of natural/
permanent grasslands across European
territory.

Livestock production

- Extensifying livestock production, mini-
mising feed / food competition, redu-
cing granivore numbers, and moderately
decreasing ruminant numbers, maintai-
ning permanent and natural grasslands
comparable to 2010 levels.

-Widespread adoption of integrated
crop-livestock farming systems, redu-
cing territorial agricultural specialisation

crops. Consequently, bovine herd size is
adjusted to maintain natural grasslands
while overall decreasing grazing intensity.

Improving diets

- Improving diets and aligning with nutri-
tional recommendations by reducing
consumption of animal products (espe-
cially monogastric meat consumption,
as ruminant livestock is less decreased)
and prioritising plant proteins, fruits and
vegetables.

Food, feed and fuel

» Prioritising agricultural resources ensures
human food takes precedence, followed
by animal feed and non-food uses,
contributing to methanisation unit deve-
lopment for 189 TWh production in 2050
(mainly based on grassland and manure).
While maintaining this logic, in order to
loop energy needs, RtoNZ model consi-
ders a higher biogas production, up to
489 TWh per year.

« Awise use of ligneous semi-natural vege-
tation may also contribute to a significant
amount of renewable local energy.

These transformations signify a shift to
less input- and capital-dependent far-
ming, emphasising agricultural labour
(e.g., reintroducing legumes and re-terri-
torialised animal manure eliminates the
need for synthetic fertilisers).
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Will EU citizens face hunger in 2050 with agroecology's lower yields?

Although agroecology may indeed lead to lower yields in livestock production, the impact
on crop production is becoming increasingly negligible, almost comparable to conven-
tional methods™. Even considering very conservative yield assumptions, TYFA-GHG still
ensures sufficient production to feed the entire EU population and meet key export

needs in dairy and wheat.

Why not prioritise a more significant reduction in beef production?

TYFA-GHG recommends a more substantial
reduction in the production of climate-ef-
ficient animals like swine or poultry,
while advocating for a comparatively les-
ser reduction in bovine production. This
strategic choice is based on the understan-
ding that, despite ruminants and the main-
tenance of permanent grasslands posing
challenges for climate mitigation, they

play vital roles in fertility transfer at the
territorial level and make substantial and
irreplaceable contributions to biodiversity
and the conservation of natural resources.
By consuming resources that are not edible
for humans, they also contribute to the
overall food balance in a rather efficient
way™,

How to decarbonise the sector and how much
investment does it require?

Specific emission reduction strategies from
the TYFA model were selected and correspon-
ding measures for implementation, including
taxes, modifications to the Common Agricultural
Policy, and subsidies, were developed. Due to
the extreme variability in European farms and
production systems, estimating average private
costs (i.e. total costs), such as those related to
transitioning to agroecology or reducing meat
consumption, is very challenging. Hence, the
public costs serve as approximations for the

investments associated with various decarbo-
nisation levers.

Key policy measures include:

- Support for gradual conversion to agroecolo-
gical systems across the entire EU agricultural
area. This involves strengthening and restruc-
turing CAP aid, protecting against cheaper
imports, and reducing prices for organic and
extensive foods for the majority of the popu-
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lation.

- Support for reducing livestock through a tax
on intensively produced meat. This tax income
would be used to 1) compensate affected bree-
ders and 2) fund price reductions for organic
and extensive food. Additionally, it is proposed
to incentivise the use of feed additives (50%)
used to reduce livestock enteric fermentation

and CH, production.

- Support conversion to low-carbon tractor
fleet, with public aid covering 100% of the
acquisition extra-cost between conventional
and low-carbon vehicles. Support for biogas
production and low-carbon energy production
is already included in the Energy production
section.

m Convert crop systems to agroecology

The key lever for reducing emissions in the
EU's agricultural sector is the gradual conver-
sion of crop systems to 100% agroecological
systems, achieving a 25% reduction of emis-
sions. Crop surfaces vary a lot from one country

® France
® Netherlands

® Germany
® Poland

o ltaly
Sweden

Today, organic farming represents around
10% of EU agricultural areas (2022"), with a
conversion rate slightly below +1% per year,
coupled with stagnant areas under other
agro-environmental measures. This trend indi-
cates that, in a business-as-usual scenario, the

Spain
@ Rest of EU-27

to another, as shown in Figure 5.3. The seven
studied countries represent 63% of the Euro-
pean Utilised Agricultural Area (UAA), with
France (18%) and Spain (15%) showing the
highest surfaces.

== INSTITUT
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majority of EU UAA will remain under intensive
farming by 2050. This is exacerbated by current
lower organic development rates due to high
inflation of food prices™.
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® Under conversion to
organic farming

@ Fully converted to
organic farming

Similar to the ongoing shift of farms to organic
agriculture, this transition needs public support™.
Ambitious measures are needed for conversion
and maintenance support, income restructuring,
protection against low-cost imports, and price
reduction for agro-ecological food.

To ensure all farmers are certified organic or
converting by 2050, current support for orga-
nic and other agro-environmental practices
is notably inadequate’™ and must align to the
historical EU best-in-class.

Increased conversion and maintenance sup-
port for organic and agro-ecological systems
is needed to address (i) additional expenses,
(ii) the learning curve, and (iii) potential risks
without increasing prices. This support should
encourage diversification (e.g., a bonus for

15 20 25 30
Total organic sy INSTITUT
farming m ROUSSEAU

legume production) and the development of
agroecological infrastructure (hedges, ponds,
intra-plot trees). A gradual strategy could com-
mence with support for ‘integrated’ farming
(allowing restricted use of fertilisers and pes-
ticides), then progressing towards a combina-
tion of organic farming, diversification, and
agro-ecological infrastructure.

- To achieve conversion rates of 2.5% and then
4% per year, conversion support should align
with levels provided by EU countries or regions
with exemplary historical conversion rates,
especially in annual crops (60% of areas) and
grassland (30% of areas). Notable examples
are the Italian regions of Tuscany and Cam-
pania (with 35% and 20% organic UAA, respec-
tively™) for arable lands, and Denmark for per-
manent grassland (21% organic UAA in 2019%).
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These regions offer support approximately
double the EU average, around €450/ha for
field crops and €300/ha for grassland. For per-
manent crops (orchards and vineyards), where
organic UAA progression is faster, an average
support per hectare similar to the current one
isrecommended, i.e. approximately €800/ha?.
The suggested support duration is an average
of 5 years, covering both the conversion period
(approximately 3 years) and the first years of
organic certification.

For maintenance support, the analysis of the
top-performing EU country or region suggests
a prolonged support mechanism (to prevent
reversal) comprising at least 50% of the
conversion support amount.

For the initial phase, sustaining the most
ambitious agro-environmental and climate
measures (AECM) is recommended to offer an
achievable first step before transitioning to
organic practices. This could involve mixed
crop and livestock systems with a declining
pesticide ceiling over five years. Maintaining
an average of 50% of the current AECM at the
EU level during this period would amount to
€2 billion per year.

The total estimated cost for complete sector
conversion by 2050 is around €25 billion per

year, with an extra public cost of approximately
€18 billion per year between 2022 and 20502,
This constitutes a 30% increase over the exis-
ting €57 billion per year income support provi-
ded by the CAP.

Measure 5.1

Double the average aid per hectare
for organic farming and extend it to
agro-ecological practices

Public cost
€25 billion per year
Public extra-cost
€18 billion per year

Extra public costs vary among countries
(Figure 5.5.), with higher expenses in certain
nations like France and Spain, attributed to
their significant Utilised Agricultural Area (UAA)
and relatively lower existing ‘agro-environmen-
tal’ public support. In contrast, Italy and Ger-
many have less agricultural land and already
possess relatively substantial public support
for organic and other Agro-Environmental and
Climate Measures (AECMs).

Annual public investment and extra-investment required to support EU agrosystem
conversion to agroecology (in €billion per year)

15

10

| I I

0 ]

@ Extra cost
of transition

France Germany Italy

® Total cost
of BaU
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This financial support to agroecology should
be complemented by the following policy mea-
sures:

1. Ensuring organic, agroecology and/or exten-
sive, local, quality foods remain accessible to
everyone, through targeted subsidies®. Today,
organic foods are still largely inaccessible to
the majority of the population, particularly
due to excess margins of large manufactu-
rers and distributors?. Therefore, alongside
support measures for farmers, a substantial
price reduction for end-consumers, propor-
tionate to the economic vulnerability of the
household, is essential without compromi-
sing farmers' income. To achieve this intri-
cate goal, an ‘agro-ecological food’ voucher
or social protection system could enhance
the affordability of organic and agroecology
food. To prevent excessive margins by the
agrifood industry and distributors linked to
this support mechanism, strict regulation of
the organic end-product price evolution is
necessary. This price reduction will be funded
in particular® by a tax on intensive meats of
which 50% is dedicated to this mechanism
(cf. 5.3.2).

2. Preventing unfair competition from interna-
tional intensive agriculture, through ‘safe-
guard clauses’ (i.e. imposing same environ-
mental and health standards for imports than
local production) or a carbon tax at borders
(cf. Measures 4.6 and 4.7 in Industry section)?.

3. Pivoting agricultural training and consulting
towards agroecological systems and tech-
niques, aligning with the broader reorien-
tation and overall increase in agricultural
R&D. Additionally, as agro-ecological systems
require more labour, a portion of the recon-
version support will contribute to develo-
ping highly skilled agricultural professions
(cf. Cross-sector section for more details on
both topics).

Measure 5.2

Agro-ecological/quality food check or
other social food protection

Public extra-cost
€12,7 billion per year
Financed by the tax on intensive
meat (5.4)

In addition to agro-ecological support, it
would be beneficial to transition from hec-
tare-based income support (1st pillar of the
CAP) to workforce-based support (in FTE/
UTA). This shift will encourage labour-intensive
agro-ecological practices, benefitting medium-
sized farms that integrate well into their sur-
roundings, thereby mitigating the concentration
of agricultural production and long-distance
food transport. The income support budget will
remain constant (in euros 2023-2027) to avoid
reducing the limited income of most current
farmers (excluding cereal and wine sectors).
Agro-ecological support, designed to cover
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additional costs in organic farming, will mildly
increase farmers’ income, particularly with
controlled prices. Consequently, the primary
boost to the majority of farmers’ (small and
medium-sized) income will come from restruc-
turing the CAP 1% pillar income support.

Measure 5.3

Switch from hectare-based income
support to workforce-based support

Public cost
€57 billion per year
Public extra-cost
€0 billion per year

m Reduce herd size and adapt breeding practices

Livestock accounted for 54% of agricultu-
ral emissions in 2021, comprising 40% from
methane released during enteric fermentation
and 14% from methane released during manure
decomposition.

To cut these emissions, herd sizes must be
decreased and meat consumption reduced. This
can be done through a progressive tax on inten-
sive meat. The tax revenue should be redistri-
buted to compensate breeders and support
efforts to make quality food affordable for all.

Current public measures, like the weekly
vegetarian menu in collective catering intro-
duced in France, (affecting only 7% of meals)
are not ambitious enough. To accelerate the
business-as-usual 0.6% annual decline in meat
consumption since 1990, driven by health, envi-
ronmental, and financial concerns, a progres-
sive tax on intensive meat is recommended.
The tax design, inspired by the True Animal
Protein Price Coalition?, has been adapted to fit
to TYFA-GHG projections by type of animal (set-
ting superior tax amount for pork and poultry
compared to beef as explained in Box 5.4.) It
starts at 10 cents per kg for beef and 20 ct€/kg
for pork and poultry in the first year, rising to
35 cents /1.2 €/kg by 2030 and up to 1.5/ 4.5 €/
kg in 2050. With an estimated average tax cost
of €1.8 per kilogram from 2022-2050, it would
generate a €669 billion revenue on the total
2023-2050 period (i.e. a €24.8 billion annual
average).

The tax on intensive meat seeks not to raise
meat prices overall but specifically those from
factory farms. This aims to curb their consump-
tion while funding lower prices for meat and
agro-ecological crops. Revenues of this tax
would be redistributed as follows:

*40% to compensate breeders compelled to
reduce their livestock due to the overall decline
in meat consumption, especially for granivores

+50% to support affordable quality food,
through agro-ecological food checks (or social
food protection)

* 10% to support developing countries in redu-
cing their GHG emissions and adapt to climate
change (this part of the reinvestment concer-
ning extra-EU countries, they are not included
in public investments here).

Measure 5.4

Tax on intensive meat, redistributed
to compensate breeders (5.5) and sub-

sidy organic and agroecological food
products (5.2)

Average revenues
€24.8 billion per year
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Measure 5.5

Providing financial assistance to far-
mers for the expansion of extensive
farming practices and compensating
for reductions in herd size

Public extra-cost
€9,6 billion per year
Financed by the tax on intensive
meat (5.4)

The second policy measure is to reduce lives-
tock emissions focuses on enteric fermentation
(representing 74% of total livestock emissions).
A 50% public subsidy to encourage innovative
solutions targeting livestock methane produc-
tion is suggested, such as feed additives. Based
on essential oils, these can reduce methane
emissions by at least 20% by adjusting the bac-
terial flora in ruminants' digestive systems. The
aim is to promote such solutions in the market,
costing €11 per year per bovine in the cited
example. This subsidy would cost approximately
€184 million annually for an almost immediate
emission reduction of 11 million tons of CO,-eq.

Measure 5.6

Support to feed additives reducing
livestock enteric fermentation and
associated methane emissions

Public cost
€0.18 billion per year
Public extra-cost
€0.18 billion per year

@ED pecarbonise the energy used in agriculture: tractor fleet and

heated greenhouses

Direct carbon dioxide (CO,) emissions from the
agricultural sector, primarily related to green-
house heating and the combustion of fossil
fuels in tractor engines, can be mostly elimi-
nated through a switch to low-carbon energy
sources.

Greenhouses’ boilers, currently primarily
heated with fossil gas, can run on biomethane
and require no extra investment for the switch
to biomethane. As for transitioning tractors to

low-carbon fuels, a mix of biodiesel, electric,
and biomethane (bioCNG?) is likely to replace
current diesel use (while hydrogen is unlikely to
be competitive®). Considering a gradual conver-
sion of all European tractors by 2050, a current
average +25% extra-investment cost for alter-
native technologies compared to conventional
tractors, and a price parity reached by 2050, the
total extra-investment is estimated to be €118
billion for the period 2022-2050, i.e. €4,4 billion
per year on average.
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To support farmers in this transition, a trac-
tor conversion incentive can be introduced,
following a similar model to that for private
vehicles (cf. Transport section). As is already the
case in France, this incentive would cover 100%
of the extra-investment and amount to a total
additional public expenditure of €89 billion
between now and 2050, averaging €3,3 billion
annually. i N

Measure 5.7

Tractor conversion premium

Public cost
€44 billion per year
Public extra-cost
€3,3 billion per year

Notes

1. Emphasising chemical-free, non-GMO, and animal welfare-focused practices.
2. Eurostat, 2022, land fully organic or in conversion.
3. IDDRI, 2018, ‘Ten Years for Agroecology in Europe (TYFA).

4. In average between 2019 and 2021; European Commission, Ensuring availability and affordability of fertilisers, consulted in
December 2023.

5. TrendEconomy, Annual International Trade Statistics by Country (HS), consulted in November 2023.
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https://www.iddri.org/en/project/ten-years-agroecology-europe
https://agriculture.ec.europa.eu/common-agricultural-policy/agri-food-supply-chain/ensuring-availability-and-affordability-fertilisers_en
https://trendeconomy.com/data/h2/EuropeanUnion/1201

6. As of today, one third of these imports are considered to cause deforestation.

7. Note: soil carbon sequestration is fundamentally a matter of fertility management, soil biological activity, biodiversity, and
climate adaptation, rather than being primarily focused on climate mitigation.

8. Past data is sourced from the EEA Dataviewer. Targets for 2020 and 2030 reflect the EU's overall emission reduction goals of
-20% and -55% from 1990 levels, distributed proportionally according to each sector's 2021 emission share. The 2050 target aligns
with residual emissions in the RtoNZ transition scenario. WEM (With Existing Measures) projections, utilizing EEA & Climact data,
estimate future emissions considering measures already implemented by the EU and its Member States.

9. TYFA-GHG explores more reduction levers than these 4 main ones, for instance it takes into account the reduction of defores-
tation abroad (from the phase out of protein imports like soybean) or the reduction of GHG due to the stop of synthetic fertiliser
production (reported in the Industry section for this study). Hence, the % of GHG reduction has been recalculated here thanks
to the Climagri tool provided by the TYFA-GHG research team.

10. These findings precede the IPCC update on organic and mineral nitrogen emission factors, with new values at 0.6% and 1.6%,
respectively, compared to the previous average of 1%. Incorporating these updated IPCC values would enhance the emission
reduction performance of the TYFA scenario.

11. TYFA-GHG is a variant of the first TYFA model, exploring stronger GHG reductions; Poux, X., Aubert, P-M. (2018). An agroecological
Europe in 2050: multifunctional agriculture for healthy eating. Findings from the Ten Years For Agroecology (TYFA) modelling exer-
cise, Iddri-AScA, Study N°09/18, Paris, France, 74 p.; Aubert, P.M., Schwoob, M.H., Poux, X. (2019). Agroecology and carbon neutrality
in Europe by 2050: what are the issues? Findings from the TYFA modelling exercise. IDDRI, Study N°02/19.

12. See for instance Perrot, T, Bretagnolle, V., Gaba, S. (2022). Environmentally-friendly landscape management improves oilseed
rape yields by increasing pollinators and reducing pests. Journal of Applied Ecology. Inrae, 2022, Regulnat Expertise Report. Inrae,
2023, European chemical Pesticide-Free Agriculture in 2050.

13. Also see: Van Selm et al. (2022), ‘Circularity in animal production requires a change in the EAT-Lancet diet in Europe’, Nature
Food, which comes to the same conclusions.

14. European Commission, Approved 28 CAP Strategic Plans (2023-2027) (2023): p. 76 for % organic UAA (certified or in conversion).

15. For the example of France, see Agence bio, 2023, Les chiffres du bio en 2022.

16. Eurostat, 2023, ‘Development in organic farming’.

17. In the absence of specific support for agroecological practices or a comprehensive study on transition costs, public investment
was estimated based on amounts allocated to support organic farming.

18. IFOAM, 2022, ‘Evaluation of support for organic farming in draft CAP Strategic Plans (2023-2027)".

19. For regional performances see Crea, 2022, Italian Agriculture in figures 2022. For support level per region and culture type,
see Ministero dell'agricoltura, della sovranita alimentare e delle foreste, Piano Strategico Politica Agricola Comune 2023-2027.

20. IFOAM, 2021, Prospects & Developments for organic in national CAP strategic plan.

21. Even if the extra costs compensated differ according to the price level, the same reference aid per hectare was used to estimate
public support to the extent that the reductions in turnover linked to the years of conversion and the current aid for conversion
are quite close between EU ‘zones’.

22.The CAP budget for 2023-2027, including national co-financing, allocates €3 billion per year for organic farming supportand an
extra €4 billion per year for other Agro-Environmental and Climate Measures (AECM), summing up to a total of €7 billion per year.

23. A VAT reduction could also be implemented but its price reduction potential is limited to -5,5% maximum (at least in France
considering the VAT rate), i.e. less than 20% of the current average gap between conventional and organic food, currently around
30% (e.g. CLCV, 2020, enquéte prix bio et conventionnel).

24. Plus, experience shows that VAT reduction is at risk to be captured by the agroindustry and distribution through increased
margins (currently showing double margins on organic products), UFC, 2019, sur-marges sur les fruits et [égumes.

25. Complementary sources of financing (e.g. a tax on ultra-processed foods) should be used to achieve significant price reduc-
tions for sustainable food products.

26. Combining both is bound to be more effective than a standalone 'carbon tax' at the borders, which only addresses GHG
emissions and is more exposed to greenwashing claims. Moreover, implementing a carbon tax for agriculture is more challenging
compared to heavy industry.

27.True Animal Protein Price Coalition.

28. Compressed Natural Gas.

29. A 2050 fleet mix of 55% Biodiesel 100, 20% electric and 25% bioCNG is considered here. Hydrogen was not selected due to
complicated distribution logistics, safety issues in uncontrolled environments, higher losses due to the need for a cryogenic
reservoir, and much higher current starting prices.
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https://www.eea.europa.eu/data-and-maps/data/data-viewers/greenhouse-gases-viewer
https://www.eea.europa.eu/data-and-maps/figures/eu-27-ghg-emission-trends-2
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https://www.iddri.org/sites/default/files/PDF/Publications/Catalogue%20Iddri/Etude/201809-ST0918EN-tyfa.pdf
https://www.iddri.org/sites/default/files/PDF/Publications/Catalogue%20Iddri/Etude/201809-ST0918EN-tyfa.pdf
https://www.iddri.org/sites/default/files/PDF/Publications/Catalogue%20Iddri/D%C3%A9cryptage/201904-ST0219-TYFA%20GHG.pdf
https://www.iddri.org/sites/default/files/PDF/Publications/Catalogue%20Iddri/D%C3%A9cryptage/201904-ST0219-TYFA%20GHG.pdf
https://www.inrae.fr/actualites/production-agricole-conservation-biodiversite
https://www.inrae.fr/actualites/production-agricole-conservation-biodiversite
https://www.inrae.fr/actualites/expertise-scientifique-collective-diversite-vegetale-solution-agroecologique-protection-cultures
https://www.inrae.fr/sites/default/files/pdf/INRAE_prospective2050_40pagesEN_WEB.pdf
https://doi.org/10.1038/s43016-021-00425-3
https://agriculture.ec.europa.eu/system/files/2023-06/approved-28-cap-strategic-plans-2023-27.pdf
https://www.agencebio.org/wp-content/uploads/2023/06/AB-PRESSE-2023-210x297-WEB.pdf
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Developments_in_organic_farming&oldid=614575#Total_organic_area
https://www.organicseurope.bio/content/uploads/2022/03/IFOAMEU_CAP_SP_feedback_20220303_final.pdf?dd
https://www.crea.gov.it/documents/68457/0/ITACONTA+2022_ING+DEF+WEB.pdf/4c230436-da29-7e4f-490a-ba5bd4562868?t=1684492172282
https://www.reterurale.it/flex/cm/pages/ServeBLOB.php/L/IT/IDPagina/24037
https://www.clcv.org/storage/app/media/uploaded-files/dp-enquete-prix-fruits-legumes-bio-et-conventionnels.pdf
https://www.quechoisir.org/action-ufc-que-choisir-sur-marges-sur-les-fruits-et-legumes-bio-la-grande-distribution-matraque-toujours-les-consommateurs-n69471/
https://www.tappcoalition.eu/




Efficient renouation of buildings,
by trained professionals

Current emissions and reduction potential

Action levers to mobilise:
Efficient renovation of housing
Mt CO,eq/year Efficient renovation of public Tertiary sector

Efficient renovation of private Tertiary sector

Global investment needs
UE-27 global investment and extra-investment

‘Road to Net Zero’
Transition scenario

Business-as-usual
(BaU) Trend scenario
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Public investment needs

bn€/year

Total extra public investment in proposed public policies: 96 bn€/year
Support to efficient renovation of housing
@ Support to efficient renovation of public Tertiary sector

bn€/year Support to efficient renovation of private Tertiary sector
v Lower-interest loans to finance the remaining costs
Technical support for individual housing renovation

Complementary Train construction workers in effective renovation
measures: Introduce Gradual Energy Pricing

Sector's weight in necessary investments (in % of all sectors)

TOTAL INVESTMENT (Public + Private) PUBLIC INVESTMENT

TOTAL EXTRA TOTAL EXTRA

Key takeaways

* Buildings' direct emissions are responsible for 13% of total emissions, rising to 35% when consi-
dering indirect emissions.

* Residential buildings are responsible for 2/3 of emissions (versus 1/3 for tertiary buildings) and
require 78% of total renovation investment (versus 22% for tertiary)

« Upfront building insulation must be prioritised over decarbonising heating systems.
- Efficient renovations lag behind objectives by a 5 to 10 ratio.

« Annual investments in the efficient renovation of energy-intensive housing stock must quadruple,
with public support needing to double.

* Public support must push for efficient renovations of low to medium-performing buildings; This
represents from 57% (Germany) to 80% (Poland) of the housing stock.

* Public support ratios should be tailored to owners' means and status.

 To ensure an ambitious renovation pace, Member States might consider mandatory efficient
renovations alongside subsidies, with a primary focus on significant owners of tertiary buildings.



The buildings sector is a major consumer of
final energy, which contributes to both direct
GHG emissions (resulting from gas and fuel oil
combustion) and indirect emissions (associated
with electricity and heat production, as well as
construction activities). The proposed measures
for this sector aim to nearly eliminate direct
emissions and reduce heat consumption by
60%, thus easing the strain on the electrical
system and minimising biomass withdrawals
for heat.

The central strategy revolves around robust
support for the efficient renovation of the EU's
energy-intensive building stock, excluding
recently or deeply renovated structures.

A comprehensive investment of €434 billion per
year (€11.7 trillion by 2050) is needed for energy
work, representing a €142 billion per year extra
cost compared to the business-as-usual scena-

rio. In this total volume, €320 billion per year is
allocated to the renovation of energy-intensive
housing stock (€236 billion per year) and ter-
tiary sectors (€83 billion per year).

An extra public cost of €96 billion per year is
required. This covers €75 billion per year for
housing and €21 billion per year for public and
private tertiary sectors. Experiences from all
studied countries highlight that without subs-
tantial support, only the least efficient work
tends to be undertaken, such as periodic hea-
ting and window renewal every 20 to 30 years.

Beyond direct GHG emission reductions, these
investments have been shown to reduce indi-
rect emissions’, increase wellbeing, lower
energy bills?, improve adaptation to climate
have positive impact on health system, and
foster local employment growth?.
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Emissions of the sector

Buildings' direct emissions, mainly due to gas
and fuel oil combustion for heating and cooking
purposes, were responsible for 13% of total
emissions.

These direct emissions (455 MtCO,-eq in 2021)
have declined by 27% since 1990, an average
reduction of approximately 5 MtCO,-eq per year

over the last decade. To achieve the 2050 tar-
get, the annual reduction rate must double;
emissions have to be reduced by a factor of
five for the Fit-for-55 2030 target to be reached.
Projections based on existing policy measures
indicate that meeting either of these targets is
currently unlikely (2030) to extremely unlikely
(2050), as illustrated in Figure 6.1.
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Buildings past UE-27 domestic emissions and progress towards achieving 2030 and 2050
targets, in million tons of CO, equivalent (MtCO,e).*
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The Building sector however accounts for 40%
of the EU's final energy consumption.

To grasp the full impact of building-related
emissions, one must consider two thirds of
the ‘Energy production’ emissions sector (to
account for electricity and heat consumed by
buildings) and around a quarter of the ‘Industry’
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emissions (cement, steel, glass, and plastics
production for construction). Consequently,
direct and indirect emissions in the buildings
sector account for 36%° of GHGs at the EU level.

2/3 of impacts come from residential buildings
versus 1/3 for tertiary buildings

Residential buildings account
for 71% of direct GHG emissions
and 65% of energy consumption,
while tertiary buildings repre-
sent 29% of emissions and 35%
of energy consumption. Notably,
both residential and tertiary
sectors have seen stagnant final
energy figures since 2012 and
direct emissions since 2015, with
variations primarily tied to winter

temperatures®.
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How to decarbonise the sector and how much
investment does it require?

One strategy: efficient energy renovation

Efficient energy renovation is the primary
strategy to significantly reduce both direct
and indirect emissions in the building sector,
thus lowering energy costs for households,
businesses, and administrations. This involves
comprehensive energy works to ensure the insu-
lation of building envelopes (walls, roofs, floors,
windows, and doors) and to upgrade heating
and ventilation systems. These measures can
surpass ‘low consumption’ standards and cut
energy consumption by 40 to 80%, depending
on initial insulation levels’.

Upfront building insulation must be prioritised
over decarbonising heating systems

The proposed approach prioritises building
insulation, as a reliance on decarbonising hea-
ting systems has significant drawbacks:

- A substantial increase in peak electricity
demand during winter®. This makes it challen-
ging (if not impossible) to meet demand with
low-carbon sources in the short term and
considerably expensive in the long term (e.g.
high electricity consumption by heat pumps
in poorly insulated houses).

- Limited impact on energy consumption, lea-
ding to an increase in material extraction
and importation for electricity production (cf.
Energy production section) and/or increased
reliance on agricultural and forestry biomass
(cf. Agriculture and Carbon sinks sections).

Efficient renovations lag behind objectives by
a 5 to 10 ratio

With only 0.2 to 0.5% of building stock under-
going efficient renovation annually, efficient
renovation rates lag behind the national targets
of 2 to 3%°. Major impediments include high
costs for most owners, particularly in residential
areas; public support favouring simple heating

system changes and less expensive works (e.g.,
attic insulation); and quasi-inexistent technical
assistance given the complexity of the required
work™,

Best Practices

In France, local initiatives supporting
efficient renovations have achieved an
annual rate exceeding 2% for eligible
stock, compared to less than 0.3% for
the overall private building stock™.

In Germany, the 2021 new support for
Efficient Houses (BEG WG) doubled
the rate of global renovations™, until
the boost of public support for simple
heating modifications during the 3rd
trimester 2022, mirroring the situation
in France.

Public support must push for efficient renova-
tions of low to medium-performing buildings
and should tailor public ratios to owners' means
and status.

Public support must be tailored to owners'
means and status:

« Housing: public support should represent 20%
to 80% of capped costs, depending on owner
income, with an average of 50%. This support
should be supplemented by subsidised loans
for remaining energy works.

« Public buildings: a 100% public massive invest-
ment.

« Private tertiary sector: public support of 20%

to 50% for efficient renovations, averaging at
30%.
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As stated in most studied countries' Long Term
Renovation Strategies (LTRS), priority should
be given to stock (>130 kwh/m?2/year in most
cases) built before recent thermal regulations
(varying greatly from country to country). The
building stock up for renovation should also
include vacant housing, in order to limit new
construction projects, while increasing the total
supply of housing™ and curb land price hikes.

Considering various constraints weighing on
comprehensive one-step renovations'™, energy
efficient renovations in 2 or 3 stages could
also be supported, particularly in the ramp-up
phase. One-step renovations, as well as durable
and resilient bio-sourced materials for insula-

tion, could however benefit from higher support
rates.

To ensure work quality and prevent fraud, these
investments must be overseen by an inde-
pendent technician. Training efforts are also
crucial (cf. Cross-sector measures), especially
to support workers transitioning from decli-
ning sectors (including the new construction
sector®).

Finally, implementing progressive energy pri-
cing would both enhance financial savings
resulting from efficient renovations and encou-
rage responsible consumption.

Efficient renovation of housing

The share of the housing stock (primary resi-
dences and vacant units) that should be reno-
vated efficiently varies from 57% (Germany) to
83% (Poland).

Thermal regulation is uneven across the
EU-27: some countries (such as Germany and
Sweden) have built efficient housing since the
1990s, whilst others (such as Poland and Spain)
have only adopted high standards since the
late 2000s.

Renovation targets align with each country's
LTRS objectives (2 to 3% of the stock to be reno-

Germany
3650

France Italy
3100 2800

Total surface area (excl. Secondary residences)

vated annually). These were adjusted to account
for both future demolitions (+2% of the stock
between 2023 and 2050) and already ‘deeply
renovated™ housing stock (+0.2% per year, accor-
ding to the EU comprehensive study or +3% since
2010). In Spain, an alternative strategy to current
government proposals was considered, advo-
cating for the efficient renovation of the entire
primary and vacant stock built before the 1980
regulation (NBE-CT-79). This would cover around
13.5 million homes, whereas the government
proposal would concern the renovation of only
the 7 million units most profitable in terms of
energy savings.

Spain Netherlands Poland Sweden
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Annual investments in the efficient renovation
of energy-intensive housing stock must qua-
druple, with public support needing to double.

Efficient renovation costs are based on ave-
rage expenses for energy-related works to
achieve low consumption standards in housing.
Reference costs are derived from extensive effi-
cient renovation samples™ or calculated from
databases of average costs per work item™, with
Spain and Sweden estimates based on simi-
lar countries (Italy and Germany, respectively,
considering recent inflation and VAT levels®).
These 2016-2018 costs were adjusted for sector
inflation until Q2 2022%

At an average cost of €328 billion per year
(including €90 billion per year of BaU on the
unrenovated stock), the efficient renovation of
the energy-intensive housing stock will require
public support of around €118 billion euros per
year by 2050, which corresponds to an average
public support of 50% of the cost of efficient
renovations, roughly doubling the current sup-
port of €56 billion per year.

Measure 6.1

Support for efficient housing energy
renovations (50% average public ratio)

Public cost
€118 billion per year
Public extra-cost
€62 billion per year

In addition to increasing support, redirecting
business-as-usual investments is imperative,
shifting from simple gestures to profound and
efficient renovation.

While Germany and France already allocate
substantial public support for residential reno-
vation?, the prevalence of individual houses in
their targeted stocks requires a complementary
increase of public support. This increase com-
plements a mandatory reorientation of current
subsidies, which primarily target inefficient
‘heating replacement’. In the Netherlands and
Spain, notable extra costs stem from low levels
of public support. Specifically, Italy's ‘nega-
tive’ extra cost results from the 2020 launch
of ‘Superbonus 110%’ leading to extensive and
uncontrolled tax credit commitments. This
underscores the need for independent pre-
and post-control of renovations and a more
balanced subsidy rate®.
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FACRE  Annual public investment and extra-investment needed to renovate each country's

housing stock (in €billion per year)
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Energy renovation costs are categorised under
the ‘Energy’ sector when heating network deve-
lopmentisinvolved, such as in the Netherlands
and Poland (cf. Energy production section).

Additionally, it is recommended to finance the
remaining costs borne by households through
subsidised loans, featuring a 2-point interest
bonus on the nominal market rate of a 20-year
loan. The estimated cost for the seven coun-
tries in the study is €9 billion per year, with
a total of €10.5 billion per year for the entire
EU. Considering the marginal nature of public
business-as-usual (BaU) expenditures (except
in Germany), the extra cost is approximately €10
billion per year.

Measure 6.2

Provide owners with preferential-rate
loans to cover the remaining costs

Public cost
€10.5 billion per year
Public extra-cost
€10 billion per year

To optimise renovation projects and mitigate
fraud, these investments require consistent
oversight from independent technicians.

Some public subsidies must also be directed
towards project management assistance, focusing
on individual and semi-individual private dwel-
lings (an estimated 50 million for renovation). A
proposed 100% subsidy, approximately €1500 per
dwelling, addresses the pressing support requi-
rements and current recourse limitations (to be
compared, for instance, to the ‘MAR’ program in
France, which provides an average 50% subsidy
capped at €2000%). Conversely, tertiary property
owners and social landlords already have access
to in-house experts or technical support. The
unique needs of collective private housing can
be seamlessly integrated into broader subsidies
for high-performance renovation.

Measure 6.3

Technical support for individual hou-
sing renovation

Public cost
€3 billion per year
Public extra-cost
€2.5 billion per year
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Efficient renovation of tertiary buildings

Tertiary stocks, representing 15-30% of total
surface areas, include about one-third as public
stock. Efficient renovation is needed for 60-90%
of this stock.

Tertiary stocks range from 15% (ltaly) to 30%
(Poland) of total surface areas. Public stock
generally represents about a third of total ter-
tiary stock, though data precision varies. The
share of tertiary stocks requiring efficient reno-
vation varies from 60% in Germany to over 80%
in Poland, due to differing energy consumption
States.

To ensure an ambitious renovation pace,
Member States might consider mandatory effi-
cient renovations alongside subsidies, with a
primary focus on significant owners of tertiary
buildings.

These owners, along with social and insti-
tutional housing landlords, possess greater
financial means and engineering capabilities
than most owner-occupiers. Conversely, small
owners mainly need support, particularly due to
the high costs and complexity of these invest-
ments. For all owners, obligations related to
extensive work should be phased over time
to align with sector capabilities and prioritise
renovations of the most energy-intensive buil-
dings?.

Public support for the efficient renovation of
tertiary buildings needs to double on average.

On an annual average investment of €92 bil-
lion (i.e. an extra investment of €19 billion per
year), efficient renovation of the energy-inten-
sive tertiary building stock requires a public
investment of approximately €45 billion per
year by 2050. Currently, public costs for support
are estimated around €25 billion per year, indi-
cating an extra expected public cost of around
€20 billion per year between 2023 and 2050,
primarily for the private tertiary sector (even if
public park renovation is 100% publicly funded).

Measure 6.4

Support for efficient renovations in the
public tertiary sector (100% average
public ratio)

Public cost
€29 billion per year
Public extra-cost
€7 billion per year

Despite having twice the surface area to reno-
vate, the public cost for private tertiary buil-
dings is notably lower, mainly due to an average
subsidy rate of 30% of energy investment costs.

The public extra-cost, however, is significant,
given the current marginal public subsidies.
While there is less available data on efficient
subsidy rates compared to residential renova-
tions, an average rate of 30% would be much
higher than current low support (except in Ger-
many?®). This is notable, given the comparatively
robust financial (and engineering) resources of
tertiary space owners.
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Compared to the residential sector, tertiary
Measure 6.5 renovation public policies are more homoge-
neous, as business-as-usual.
Support for efficient renovations in the
private tertiary sector (30% average In the public sector, European governments
public ratio) are mainly supporting low to medium renova-
tions rather than high performing ones, more
costly?. In the private sector, there is almost no
public support, except in Germany. The extra-in-
) vestments are mainly driven by respective sur-
Public extra-cost faces and efficient renovation costs. Exception
€14 billion per year is Sweden where business-as-usual is already
significant, added to a smaller tertiary building
stock up to renovation due to older thermal
regulations.

Public cost
€16 billion per year

Annual public investment and extra-investment required to renovate each country's
tertiary stock (in €billion per year)?

12

Extra public
investment
10

BaU public

8 investment

6 —

4

2 _

0 sy INSTITUT

France Germany ltaly Spain  Netherlands  Poland Sweden 1“r ROUSSEAU
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Direct and indirect energy impacts of this

program

This comprehensive program for efficient
energy renovations offers a 45% to 65% reduc-
tion in the final energy consumption of buil-
dings by 2050.

The energy usage related to heating, hot water,
and air conditioning (75-80% of consumption
in most countries) can be reduced by 45-65%,
depending on the country and the prevalence
of initially energy-intensive structures. These

1000 1000
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540 570

500
360

280 300

gains are conservative, as they don't account
for the (unsubsidised) enhancement of heating
systems and windows in the ‘already insulated
stock’. Additionally, the projected increase of
+10 to +20% in heated surfaces (a mix of new
and existing vacant stock, see interactions with
the Industry sector) will likely be counteracted
by milder winter conditions, expected to exceed
-15% (considering the observed reduction in
winter severity from the 2000s to 2019-2022).
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2021 2050 2021 2050 2021 2050 2021
Spain

Germany France Italy

Heat, Hot water and Cooling

Other energy consumption

2050 2021 2050 2021 2050 2021 2050

Poland Netherlands Sweden
s INSTITUT
T ROUSSEAU

Sources: EEA 2021, Eurostat 2021 (Final Energy consumption by sector and uses) and building/energy reports of
DENA (Germany), SDES (France), Enea et LTRS (Italy), LTRS (Spain), GUS (Poland), CBS et LTRS (Netherlands) and

Sweden

In addition to the energy gains from efficient
renovations, the CLEVER scenario posits a
minimum 30% reduction in specific electricity
consumption (excluding Poland, where equip-
ment rates are more limited). With a 50% average
reduction in total final building consumption
by 2050 compared to 2021, the energy mix can
accommodate this decrease without imposing

significant peak constraints on the electrical
system. Considering the characteristics of each
energy vector and the anticipated availability of
wood resources (cf. Carbon sinks section) and
fermentable biomass for biogas production (cf.
Agriculture section), plausible mixes fall within
the following ranges?®:

Inuestments in the buildings sector 108


https://ec.europa.eu/eurostat/databrowser/view/nrg_d_hhq/default/table?lang=en
https://www.dena.de/fileadmin/dena/Dokumente/Pdf/9268_dena_concise_2018_building_report.pdf
https://www.statistiques.developpement-durable.gouv.fr/bilan-energetique-de-la-france-pour-2021
https://www.pubblicazioni.enea.it/component/jdownloads/?task=download.send&id=455&catid=3&m=0&Itemid=101
https://stat.gov.pl/obszary-tematyczne/srodowisko-energia/
https://www.cbs.nl/en-gb/search?q=keyword:energy%20consumption

*+ 40-60% heat pumps produce at least two-  <20-40% ‘specific’ electricity for lighting,

thirds of renewable ambient heat with less appliances, and cooking.
than one-third of electricity, facilitated by
efficient insulation. « A minimal proportion of Biomethane, other

uses being considered a priority (industry,
+ 20-30% wood (individual and heating network) transport).
in line with estimates from the Carbon sinks
sector (with a slight increase).

Notes

1. From both the Energy (electricity and heat) production and Industry (construction) sectors. These gains are achieved through
increased occupancy rate of vacant buildings, without the necessity to reduce housing supply.

2. From €1000 to 3000 per year for a 100m?2 equivalent, cf. Ademe, 2021, ‘Perf In Mind’ for individual houses actual post-renovation
consumption and Dena, 2016, Auswertung von Verbrauchskennwerten energieeffizienter Wohngebaude for multi-family buildings
actual gains ‘before/after’ efficient renovation.

3. Driven by labour-intensive tasks such as wall insulation.

4. Past data is sourced from the EEA Dataviewer. Targets for 2020 and 2030 reflect the EU's overall emission reduction goals of
-20% and -55% from 1990 levels, distributed proportionally according to each sector's 2021 emission share. The 2050 target aligns
with residual emissions in the RtoNZ transition scenario. WEM (With Existing Measures) projections, utilising EEA & Climact data,
estimate future emissions considering measures already implemented by the EU and its Member States.

5. European Commission, 2020, ‘Energy efficiency in buildings'.

6.)RC, 2020, Energy consumption trends in the UE and Eurostat, 2023, Final energy consumption by sector.

7. ‘Efficient’ energy renovations are those making it possible to achieve low consumption standards (between 50 and 100 kwh/
m2/year for heat, hot water and cooling, depending on climatic zones) and/or ‘deep renovation’ within the meaning of the UE
comprehensive study of building renovation (energy gains of at least 50-60%) close to low consumption standards (e.g. with
partial insulation of the street facade due to technical/urbanistic constraints involving high surface losses).

8. Negawatt/Clever, 2023, Pompes a chaleur et rénovation performante.

9. cf. the objectives of the 7 countries studied in the Long Term Renovation Strategies.

10. See in particular ‘Sichel report), 2022, Prognos ‘Evaluations of BEG, 2021 and ‘LTRS of Poland’, 2020.
11. Fabrique de la Cité, 2024, ‘Rénovation énergétique - stratégies pour un changement d'échelle’ - to be published.
12. BMWK ‘BEG reporting and evaluation’, 2021-2023.

13. In order to facilitate remobilisation of vacant and occasional housing, tax advantages of tourist rentals and real estate reten-
tion must be reversed in favour of affordable housing in addition to this support program for overall renovations, cf. Institut
Rousseau/Desquinabo, 2023, ‘Quelle stratégie pour un logement durable et abordable’ and APUR, 2020, ‘Locations meublées a
Paris et comparaisons avec 7 autres grandes villes'.

14. e.g. local availability of various competent craftsmen or recent partial works.
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https://www.effinergie.org/web/images/association/Perf_in_Mind/211129_Perf_in_Mind_-_Rapport%20final_vdef2_compressed.pdf
https://www.dena.de/fileadmin/dena/Dokumente/Pdf/9164_dena-Studie._Auswertung_von_Verbrauchskennwerten_energieeffizienter_Wohngebaeude.pdf
https://www.eea.europa.eu/data-and-maps/data/data-viewers/greenhouse-gases-viewer
https://www.eea.europa.eu/data-and-maps/figures/eu-27-ghg-emission-trends-2
https://pathwaysexplorer.climact.com/pathways?visualisation=0&region=EU27&source=model&scenario=User+defined+scenario&levers=H4sIAAAAAAAAA52NsQqAQAxDcc2gJUS4W05H__-z_IoLRUUEHXxdQps02Af9I0qUOd7ACSsJpsxUfH8lpxujAYkHah6mv9p1SId9axK8ktsWXLWrtEkduiUUve0AAAA
https://commission.europa.eu/news/focus-energy-efficiency-buildings-2020-02-17_en
https://op.europa.eu/en/publication-detail/-/publication/1427a8f6-f7c6-11ea-991b-01aa75ed71a1
https://ec.europa.eu/eurostat/databrowser/view/ten00124/default/table?lang=en
https://op.europa.eu/en/publication-detail/-/publication/97d6a4ca-5847-11ea-8b81-01aa75ed71a1/language-en/format-PDF/source-119528141
https://op.europa.eu/en/publication-detail/-/publication/97d6a4ca-5847-11ea-8b81-01aa75ed71a1/language-en/format-PDF/source-119528141
https://cler.org/pompes-a-chaleur-isoler-dabord/
https://energy.ec.europa.eu/topics/energy-efficiency/energy-efficient-buildings/long-term-renovation-strategies_en
https://www.banquedesterritoires.fr/sites/default/files/2021-03/RAPPORT%20sichel.pdf
https://www.energiewechsel.de/KAENEF/Redaktion/DE/Meldungen/2023/20230613-bmwk-legt-erste-externe-evaluation-der-beg-vor.html
https://energy.ec.europa.eu/topics/energy-efficiency/energy-efficient-buildings/long-term-renovation-strategies_en
https://www.energiewechsel.de/KAENEF/Redaktion/DE/Dossier/beg.html
https://institut-rousseau.fr/quelle-strategie-pour-un-logement-abordable-et-durable/
https://www.apur.org/sites/default/files/28p177_loc_meublees_touristiques.pdf?token=ZGlFbjI3

In all cases, it is crucial to assure owners, especially occupants, that any non-compliance won't lead to subsidy withdrawal,
addressing an issue seen in some existing systems (e.g., Ma Prime Rénov' in France, where victims of fraud are often denied €10k
to 20k in aid, leading to new social challenges).

Deep renovation is defined by the UE comprehensive study of building renovation as a renovation > 60% savings.

Main sources: Long Term Renovation Strategies (LTRS) of the 7 countries, DENA building report, 2018, Statistics Poland energy
in households, 2020, CBS Climate and energy outlook, 2021 and CSB, Sweden dwelling stock, 2021.

Ademe, 2021, ‘Perf In Mind’ for France (+-520€/m2 in houses and 300€/m?2 in collective housing) and Prognos, 2018, ‘Evaluation
EBS WG im Forderzeitraum’ for Germany (+-680€/m2 in houses and 500€/m?2 in collective housing for EH 100 renovations). Note
that the VAT on energy works is 5.5% in France compared to 19% in Germany.

See in particular LTRS Poland 2022 (+- 350€/m?2 for individual houses including heating and 200€/m?2 for collective housing
excluding work on heating networks), LTRS Italy (+- 450€and 320€/m?2 in average zone E) and BPIE for the Netherlands (+- 600€and
450€/m2 which corresponds to the price difference of -10% with Germany).

European Commission, 2021, ‘VAT rates applied in the Member States of the European Union'".

Maintenance-improvement inflation between 2018 and mid-2022 varied from 15% for Italy to almost 40% for Poland, to which
was added the maintenance of BaU energy works on the non-efficiently renovated park (estimated thanks to the Comprehensive
EU renovation study 2019, pp.30-34, updated prices 2022).

More than 60% of Bundesforderung fiir effiziente Gebaude (BEG) subsidies concerned new construction in 2021. These sub-
sidies for new construction having a significantly lower efficiency than support for overall renovation, it is already planned to
strongly reduce their proportion.

The Superbonus 110% supported the overall renovation of around 200,000 homes in 2021 for 16 billion euros in tax deduc-
tions and 700,000 homes for more than 50 billion euros in 2022. Considering the high level of fraud and inflation, the system was
modified at the start of 2023 (ban on payments via third parties and deduction rather at 90%) and Recent data of Enea suggests
stabilisation around €2-3 billion per month. As the year 2022 is very atypical, the pace of engagement in 2021 and a part of 2023
are used to estimate the ‘current’ public support especially since the deduction rate will reduce to 70% in 2024 and 65% in 2025.

Ministére de la Transition Energétique, 28 November 2023, Mon Accompagnateur Rénov'. In Germany, the cost of supported
services include all the project management services for all types of buildings.

It is worth noting that such obligations pertain to the commencement of the work rather than its outcomes. Even a social
landlord cannot be subjected to hefty fines if they fall victim to subpar craftsmanship.

Aid for renovations of private tertiary buildings can cover 20 to 30% of work costs for many years.

European Commission, 2020, UE comprehensive study of building renovation.

Costs of efficient renovation per square metre exclude ‘non-energy’ work and are typically estimated based on reference
costs for schools and offices due to a lack of references for shops and hospitals. Sources for the reference costs of tertiary buil-
dings include Long Term Renovation Strategies (LTRS), providing data for France (€320 to €400/m?2 for schools and offices), Italy
(~ €400/m?2 for schools and offices), and Poland (around €150/m?2 excluding heating). The 2019 assessment from NWG was used
for Germany, estimating costs at around €550/m?2 based on a large sample, which was also employed to approximate average
costs for the Netherlands and Sweden. As BaU data doesn't differentiate between public and private surface areas, we've made
proportional estimates for the current costs of these two sub-sectors.

These ranges align with the forecasts provided by the CLEVER project partners, 2023, Residential Corridors study (p. 42).
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https://op.europa.eu/en/publication-detail/-/publication/97d6a4ca-5847-11ea-8b81-01aa75ed71a1/language-en/format-PDF/source-119528141
https://energy.ec.europa.eu/topics/energy-efficiency/energy-efficient-buildings/long-term-renovation-strategies_en
https://www.dena.de/fileadmin/dena/Dokumente/Pdf/9268_dena_concise_2018_building_report.pdf
https://stat.gov.pl/en/topics/environment-energy/energy/energy-consumption-in-households-in-2018,2,5.html
https://www.cbs.nl/en-gb/publication/2021/43/climate-and-energy-outlook-2021
https://www.scb.se/en/finding-statistics/statistics-by-subject-area/housing-construction-and-building/housing-construction-and-conversion/dwelling-stock/pong/statistical-news/dwelling-stock-2020-12-31/
https://www.effinergie.org/web/images/association/Perf_in_Mind/211129_Perf_in_Mind_-_Rapport%20final_vdef2_compressed.pdf
https://www.bmwk.de/Redaktion/DE/Evaluationen/Foerdermassnahmen/evaluation-kfw-foerderprogramme-ebs-wg-2018-2021.pdf?__blob=publicationFile&v=2
https://www.bmwk.de/Redaktion/DE/Evaluationen/Foerdermassnahmen/evaluation-kfw-foerderprogramme-ebs-wg-2018-2021.pdf?__blob=publicationFile&v=2
https://www.bpie.eu/wp-content/uploads/2020/05/Recovery-investments-in-deep-renovation_BPIE_2020.pdf
https://taxation-customs.ec.europa.eu/system/files/2021-06/vat_rates_en.pdf
https://www.istat.it/it/files/2023/03/Ind_Cons_Serv_prodprices_0123_Q4_22.pdf
https://tradingeconomics.com/poland/harmonised-idx-of-consumer-prices-hicp-maintenance-repair-of-the-dwelling-eurostat-data.html
https://www.efficienzaenergetica.enea.it/detrazioni-fiscali/superbonus/risultati-superbonus.html
https://www.ecologie.gouv.fr/mon-accompagnateur-renov
https://op.europa.eu/en/publication-detail/-/publication/97d6a4ca-5847-11ea-8b81-01aa75ed71a1/language-en/format-PDF/source-119528141
https://clever-energy-scenario.eu/wp-content/uploads/2023/03/2210-Convergence-corridors-Residential.pdf
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A total decarbonisation of all TIT DT
energy vectors, facilitated by
demand reduction

Current emissions and reduction potential

o Decarbonisation levers to mobilise:

1. Decarbonise and adapt the power
system

2. Switch from fossil gas to biogas 89%

909 and other ‘green’ gases
Mt CO_eq/year

3. Phase coal and oil out,

. . - 2050 decarbonisation
end conventional refining activities

potential
4. Decarbonise heat production for
district heating

Global investment needs

UE-27 global investment and extra-investment

Business-as-usual ‘Road to Net Zero’
(BaU) Trend scenario Transition scenario Business-as-usual
200 ‘grey’ investment
@® Decarbonised
. investment
o &igLs“trrii:tx " 78 bnt/ year ® Extra-investment
100 177
Redirection of bn €/year

50 current investment 99 bn€/year

= = towards transition
|
0

Global investment and extra-investment per lever, per country (in % of GDP):

Total investment Total extra-investment
1,1% 0,5%
District
2% 1% 0,9% heating
1,6% Low-carbon
1,5% 0,75% liquid fuels

1,3% 1,3%

® Low-carbon

1% 0,50% gases

@ Power system
0,25%

0%




Public investment needs

Total public investment in
proposed public policies

38 bn€/year

0,1

0,2—\\

—03

20

bn€/year

Public share in total
investment

22%

Total extra public investment in proposed public policies: 20 bn€/year

Public extra-investment
in % GDP

0,12%

® Support the development of renewable energy
Support the development of nuclear power
@ Support the development of flexibility solutions
® Support the development of ‘green’ gases”
©® Support the development of SAF*
Support the development of decarbonised heat networks

* downstream process costs not already included in previous categories (e.g. renewable capacity)

Sector’s weight in necessary investments (in % of all sectors)

TOTAL INVESTMENT (Public + Private)

TOTAL

12%

EXTRA

22%

Key takeaways

« Energy production is the most emissive sector
(26%) and is pivotal for decarbonising the
broader economy. Nearly complete decarbo-
nisation (89%) is possible by 2050.

« If progress has been made to decarbonise EU
energy production (73% low-carbon-based in
2021), EU final consumption is still 69% fos-
sil-based as imports are still extremely fos-
sil-intensive.

* A decarbonised energy system would ensure
both energy sovereignty and considerable
socio-economic and climate benefits. A suffi-
ciency-based energy system promoting local
production would further amplify these benefits.

* A strong reduction in final energy consump-
tion is mandatory to expedite the decarbo-
nisation of both EU energy consumption and
production, while mitigating impacts and
limiting geostrategic dependency on metal-
lic resources.

PUBLIC INVESTMENT

TOTAL

1,5%

EXTRA

1,7%

« Overall, to decarbonise the energy produc-
tion and infrastructure sector by 2050, annual
investments must almost double (+80%) and
definitely shift from fossil fuels. 78% of the
extra investment needed will come from the
private sector.

* Almost 90% of investments should be allo-
cated to delete decarbonising, expanding and
enhancing the power system, with 45% direc-
ted to production assets and 35% to network
reinforcements.

« The renewable capacities must almost triple
by 2050, putting especially significant pres-
sure on the industrial deployment capacities
of the wind energy sector.

« The exact cost of public support remains highly
uncertain, as it is dependent on future market
prices which are challenging to foresee.



The energy production and infrastructure sec-
tor encompasses all the assets and infrastruc-
ture required for the production, transmission,
and distribution of primary energy in the forms
of electricity, fuels, and heat.

Energy production is the most emissive sector
and is pivotal for decarbonising the broader
economy.

This sector contributes to 26% of the EU's
greenhouse gas (GHG) emissions in 2021, tota-
ling 902 MtCO,-eq. Beyond its direct emissions,
the energy sector plays a central role in all
policies directed at decarbonising the Euro-
pean economy, as the decarbonisation efforts
in other sectors, such as transportation, buil-
dings and industry, hinge on the availability of
low-carbon energy.

Nearly complete decarbonisation of energy
production is possible (89%), with incompres-
sible leaks of biomethane in gas infrastructure
and a few remaining refining emissions being
responsible for small residual emissions. To
achieve this, five conditions must be met:

1. Energy demand must be reduced through
sufficiency and efficiency measures taken in
all downstream sectors. Decarbonisation wit-
hout reducing demand would pose challen-
ges in securing resources’ (cf. Appendix A.2)
and managing both summer and winter peak
demand. This is already a concern in Sou-
thern Europe and is set to be exacerbated
by the growing impact of climate change and
increased frequency of heatwaves.

2. Electricity must be produced from decarbo-
nised sources, such as renewable energies
and/or nuclear power. Since electricity is easier
to decarbonise than other energy vectors, elec-
tricity production must increase significantly -
at least 70% — and be used for all applications
that can be electrified.

3. Green gases, such as biomethane or hydrogen
produced from decarbonised electricity, must
replace fossil gas to decarbonise applications
challenging to electrify, such as certain indus-
trial uses or a portion of transport.

4. A phase-out of fossil fuels is necessary, and
certain activities, such as petroleum refining
or coal usage, must simply cease. Biofuel and
synthetic fuel could could help meet the incom-
pressible demand for liquid fuels in sectors
such as aviation.

5. Heat production must also be based exclu-
sively on renewable energy sources.

To decarbonise the energy sector by 2050,
annual investments must double and definitely
shift from fossil fuels. 78% of the extra invest-
ment needed will come from the private sector.

The overall investment effort necessary to
achieve decarbonisation by 2050 is close to
€5 trillion, i.e. €177 billion per year? as shown
in Figure 7.. This is twice the historical trend.
Compared to an average business-as-usual tra-
jectory, the extra investment required amounts
to €78 billion per year, of which €12 billion are for
the public sector (some 25% of the extra cost).

A decarbonised energy system, coupled with
local production and lower consumption,
ensures both energy sovereignty and conside-
rable economic benefits.

1. Fossil fuels import amounted €654 billion in
2022 (i.e. 8,4 times the energy extra investment
and almost twice the total extra investment
required to achieve net zero across all sectors)
and prices increase led to €195 billion of public
pending in energy shields (cf. Box 7.1. The end
of fossil fuels imports: increased sovereignty
and major economic benefits).

2. Factoring in decarbonised
fuel importation operational
expenditures alongside the
displayed CAPEX in Figure 71
would for example elevate
the TYNDP GA total
cost to an average
of €450 billion per
year, compared
to €270 billion
per year for the
negaWatt CLEVER
scenario.
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FLAVARE Annual investment and extra-investment required in the energy production, transmission
and distribution system, by 2050, per scenario and in average (in €billion per year)

250
Transitions scenarios
Average 177 Bn€
200 192

. 183

BaU scenarios
915 Average 99 Bn€

@® District Heating

Decarbonised
liquids production

s ® Gas network
. @ Decarbonised gas
production
131 ]
] Power grid

® Power flexibility

® Power production
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Based on Institut Rousseau's inhouse methodology. Only physical data (i.e. installed production capacity) was
retreived from the scenarios. For the costs categories not available in the mentioned scenarios, an average of

other scenarios was computed for comparative purposes.

Around 90% of investments must be directed
towards decarbonising and developing the
power system...

Investment in the power system represents
~88% of total investment and 90% of extra
investment compared to the business-as-usual
scenario. This annual investment of €155 billion
would include:

« Building low-carbon production capacities
sufficient for at least a 70% increase in elec-
tricity production, requiring an investment of
€89 billion per year (+/- €20 billion depending
on the scenario, except for CAN PAC) and an
extra investment of approximately €43 billion
per year compared to the business-as-usual
scenario (+/- €17 billion per year);

« Reinforcing the electrical transmission and
distribution system (€60 billion per year, inclu-
ding €24 billion more than in the business-as-
usual scenario);

- Building flexibility resources means (€5,6 bil-
lion per year, mostly non-existent in the
business-as-usual trend) to facilitate the
integration of new capacities, particularly the
variable share of the latter.

... 22% of which will need to be provided by
public authorities (€34 billion per year), mainly
to support renewable production.

Providing additional compensation for cur-
rently non-profitable renewable energy sources
constitutes 90% of the total required public
support to decarbonise the energy production
sector. The remaining 10% involve supporting
potential investments in new nuclear power
and offering subsidies for flexibility solutions,
essential to maintaining network balance. The
exact cost of this public support remains highly
uncertain, as it is dependent on future market
prices which are challenging to foresee.
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a Emissions of the sector

Energy production is the highest emitting sec-
tor in Europe (26%), despite an encouraging
historical reduction trend.

The energy production sector emitted 902
MtCO,-eq in 2021, i.e. 26% of the EU's GHG emis-
sions. These emissions have declined by 44%
since 1990, averaging a reduction of approxi-

mately 43 MtCO,-eq per year over the last
decade. Analysis shows that the current trend,
if maintained, could be sufficient to meet the
‘Fit-for-55' 2030 target aligned with the sector's
current share. However, projections based on
existing policy measures indicate that meeting
the 2050 target is currently extremely unlikely,
as illustrated in Figure 7.2.

Energy production past UE-27 domestic emissions and progress towards achieving 2030
and 2050 targets, in million tons of CO, equivalent (MtCO,e).2
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This gradual decarbonisation of the energy pro-
duction mix is the result of a sharp decrease in
coal use for electricity production and the rise
of renewables.

The share of renewable energies in the EU’s
energy production has surged significantly
during the last decade, increasing from 24.2%
to 40.8% between 2010 and 2021. Renewables

@ RtoNZ net zero target

2020 2025 2030 2035 2040 2045 2050

== INSTITUT
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are now the predominant source of energy
produced on European soil. Additionally, the
decarbonised energy production landscape has
been supported by nuclear power, contributing
to 32.2% of the energy produced in 2021. Des-
pite this trend, the energy production mix was
still highly carbon-intensive in 2021, with fossil
fuels accounting for more than 25% of energy
produced.
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The average European production mix conceals
significant variations among Member States.
Notably, Portugal heavily relies on renewable
energy, constituting 97.7% of its primary energy
production. In contrast, Poland mainly produces

solid fuels (coal) at 72%, the Netherlands leans
on natural gas at 58%, and Denmark predomi-
nantly produces crude oil at 35%. France (76%)
and Belgium (70%) primarily derive their natio-
nal energy production from nuclear energy.

Primary energy production in 2021, per type (share %), for each of the 7 studied

countries*
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Energy production represents only half of total
consumption. 69% of EU final consumption is
still fossil-based due to extremely fossil-in-
tensive imports.

In 2021, the EU only generated 44% of its
energy consumption domestically, with the
remaining 56% being imported® mainly as fossil
fuels®. 69% of EU's overall energy consumption
was still based on fossil fuels’, with renewable
sources only weighting 21.8%. While transitio-
ning towards cleaner production facilities, an
additional challenge thus lies in the reduc-
tion and decarbonisation of European energy
imports. The Renewable Energy Directive® adop-
ted in October 2023 aims to double the share
of renewable energy in final energy consump-
tion up to 42.5% by 2030, which requires a very
significant rate of deployment, and especially
a step-change in the wind sector.

To expedite the decarbonisation of EU both
energy consumption and production, there
must be a significant reduction in final energy
consumption.

Despite a light 4.6% decline throughout the
2010 decade?, all carbon neutrality scenarios
anticipate a substantial reduction in the EU's
final energy consumption by 2050. The Energy
Efficiency Directive™ amended in 2023 sets a
target of reducing final energy consumption by
at least 40% by 2030, compared with 2007 levels,
presenting a major challenge given historical
achievements.
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9 Methodological specificity:
about energy scenarios

Given the great complexity of the energy
system, and in particular the electricity sys-
tem, the study selected and compared nine
existing scenarios achieving EU carbon neu-
trality by 2050. These scenarios, produced by
recognised entities specialised in the energy
sector™, differ in their approaches (see below),
reflecting different political choices and lea-
ding to diverse technological orientations
and cost implications. Unlike the prescriptive

approach taken for other sectors in this study,
the energy sector analysis involved computing
and comparing costs associated with various
scenarios. This report evaluated each scenario's
assumptions, inputs, and outputs, determining
minimum, maximum and average costs for the
transition to a clean energy sector (cf. Figure
7.4. For a more detailed version, please refer to
the Methodological Appendix.)

TYNDP TYNDP EMBER EMBER
Scenarios Distributed Global System Technolo-
Energy Ambitions Change gy Driven
Before Before
Net zero target 2050 2050 2040 * 2050 *
Decrease of
Final Energy Not Not
- 0 - 0,
Demand (2021 el 14% included included
- 2050)
Main driver(s) Efficiency  Efficiency Sufficiency Efficiency
Sufficiency ~ Sufficiency  Efficiency  Sufficiency
2050 Electricity  Extreme  Significant ~ Significant ~ Significant
Production increase increase increase increase
(6300 TWh) (5600 TWh) (5640 TWh) (5620 TWh)
2050 Sharp Significant
Low-carbon gas  increase increase
Production (3500 TWh) (2200 TWh)
Hydrogen  Hydrogen
358 756 Hydrogen 0 Hydrogen 0
2050 Imports
(TWh/yr) Decarbo- Decarbo-  Others: out  Others: out
nized nized of scope of scope
liquids 360  liquids 844

EMBER néqaWatt CAN PAC EC REG
Stated  'cOFD’  2020-  (Regula-  ECPRICE
Policy EU28 tion)
Before 2045 2040 2050 2050
2050 4
Not — [ - [ — [ — [
included 44% 51% 36% 31%
Sufficiency Sufficiency Efficiency  Efficiency
Efficiency  Efficiency  Sufficiency
Extreme Limited Extreme  Significant  Significant
increase increase increase increase increase
(6640 TWh) (4560 TWh) (6320 TWh) (5090 TWh) (5360 TWh)
Significant ~ Moderate
increase increase
(1598 TWh) (643 TWh)
Not
Hydrogen 0 included
Others: out  No imports Local No analysis  No analysis
of scope production
is favoured

These scenarios mainly differ in end-consump-
tion reduction goals (sufficiency), the degree
of centralisation versus decentralisation in
production, the extent of end-use electrifica-
tion versus reliance on gases, and the balance
between imports and self-production.

To estimate a ballpark figure for the investment
required in the energy system, an average of
various scenarios is considered here. However,
this doesn't imply that all these scenarios are
equally realistic or desirable.
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The criteria that should be prioritised and
maximised for a realistic transition include
the level of energy sufficiency (allowing for
a decarbonisation more aligned with indus-
trial deployment capacities and reducing the
resource footprint of the energy system) and the
level of self-production (enhancing energy and
geopolitical independence and resilience). This
is more evident in scenarios like NegaWatt's
CLEVER and EMBER's System Change. The same
principles guide the Road to Net Zero (RtoNZ)
scenario developed in other sections of this
report (refer, for instance, to the RtoNZ low-car-
bon gas consumption needs presented in Box
7.3., section 7.3.2.).

Two business-as-usual scenarios were also
considered:

- TYNDP ‘National Trends’ scenario: TYNDP's
estimation of the ‘most likely’ scenario, relying
on the official National Energy and Climate
Plans (NECPs) of EU Member States, and
ongoing national initiatives (Hydrogen plans,
etc.). This scenario was extended to 2050, fil-
ling a gap in coverage from 2040.

- ‘Historical Trend’ scenario: an Institut Rousseau
in-house regression analysis based on histori-
cal data, projecting future trends in installed
generation capacity and final consumption.

e How to decarbonise the sector and how much
investment does it require?

As outlined in the introduction, five key
decarbonisation strategies are essential for
addressing emissions from EU energy pro-
duction: significantly reduce energy demand
through sufficiency and efficiency measures
across all downstream sectors; decarbonise

electricity production assets (combined with
maximising the electrification of remaining
end uses); replace fossil gas with low-carbon
methane and hydrogen in cases where electrifi-
cation is challenging; phase out the use of fossil
fuels; decarbonise heat production assets.

End of fossil imports: increased sovereignty and major economic benefits

As mentioned earlier, while this section addresses the decarbonisation of European
energy production, which constitutes only 44% of domestic energy consumption, the
remaining portion is predominantly sourced from imported fossil fuels. The financial
toll of this fossil fuel dependency is staggering.

Current situation: the EU's expenses on imported fossil fuels reached €300 billion in
2021 and surged to €654 billion in 20227, comprising 21.7% of total extra-EU imports in
2022". The recent energy crisis triggered by the Ukraine invasion also resulted in signifi-
cant public spending (€195 billion in 2022", equivalent to 2.4% of total EU-27 government
expenditure) to shield European citizens from price increases - a situation that could be
alleviated in the future through the transition to a low-carbon energy system.
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Cumulated cost by 2050: around €3 trillion of import savings

Comparing the average import costs across
various transition scenarios and the two
business-as-usual counterparts reveals that
a phased-out reliance on fossil fuels would
yield substantial savings for the EU economy
of approximately €3 trillion in operational
expenditure (OPEX), amounting to an annual
average saving of around €115 billion.

This increasingly positive commercial
balance is projected to grow progressively
from + €50 billion per year in 2030 to + €220
billion per year in year 2050.

For further insights into the underlying
assumptions, please refer to the metho-
dological Appendix.

This reduction in fossil fuel dependency can
be achieved through the sufficiency and
efficiency measures outlined in other sec-
tions, in conjunction with the investments
detailed in this chapter, essential for decar-

bonising EU domestic energy production.
The associated savings represent around
30% of the total extra investment required
to achieve net zero across all sectors.

Average fuel imports (cumulative
€billion over the 2022-2050 period)
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These savings will lead to greater energy independence and, consequently, enhanced
resilience in the European economy. However, to secure metal supply chains, it is vital to
limit needs by encouraging a frugal and optimised use of resources. This ensures that one
geopolitical dependency (fossil fuels) is not exchanged for another (mineral resources).
For more details, cf. Appendix A.2. Compatibility of the transition scenario with critical
material resources constraints and Appendix A.3. Geopolitical, environmental, and social
risks associated with mining in the transition scenario.

The end of fossil fuel consumption will reduce public income, requiring compensation.
Additional details on this issue will be addressed in the Institut Rousseau's report on

'Funding the Transition',

Decarbonise and adapt the power generation, transmission and

distribution system

Electricity production must increase by at least 70% (85% on average, depending on the scenario)
to meet the increased demand resulting from both the electrification of various downstream uses

and the production of e-fuels (gases and liquids).
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First, final direct electricity consumption in
the EU will rise by 30%, from 2800 TWh to an
average of 3600 TWh, due to the widespread
electrification of various sectors, particularly
buildings and transportation. This shift involves
a substantial deployment of heat pumps for
heating and the substitution of remaining
conventional vehicles with low-carbon, pre-
dominantly electric, alternatives. Second, a
growing volume of electricity (+55% on average)
will be needed for indirect needs such as gene-
rating renewable gases and potentially liquids,
such as low-carbon hydrogen, e-methane, and
e-fuels (cf. Subsections 7.3.2. and 7.3.3.) The
transformation of the electricity sector by 2050
hinges on augmenting production and achie-
ving decarbonisation.

The current power generation capacities indicate
each country's efforts to achieve decarbonisation.

The current electricity generation mixes vary
significantly among EU Member States (Figure
7.6.), leading to diverse carbon intensities (in
tC0O,-eq/MWh) and emissions. These are heavily
influenced by historical political choices sup-
porting renewables and/or nuclear power, as
well as the presence of hydro resources. These
distinct starting conditions will lead to diver-
gent decarbonisation paths, encompassing
the final energy mix, deployment speed, and
associated costs. EU- and national-level cost
assessment of the present report relies on com-
prehensive modelling studies that incorporate
these national specificities.
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The renewable capacities must almost triple
by 2050, putting especially significant pressure
on the industrial deployment capacities of the
wind energy sector.

All the scenarios examined forecast a rise in
annual electricity generation, each with distinct
mix trajectories. By 2050, the average installed
generation capacities are projected to reach
approximately 2770 GWe, compared to today's
1000 GWe. Solar and wind will dominate the EU
electricity system in 2050. Scenarios featuring
more decentralised resources, specifically solar

Other RES

ROUSSEAU

and onshore wind (e.g. TYNDP DE and CAN PAC),
naturally result in higher total installed capa-
city due to their increased variability (meaning
lower average production factors). As shown in
Figure 7.7., the various scenarios imply high ins-
tallation rates of renewable technologies. While
this rate is close to the historical rate observed
in 2021 for solar capacities (except for CAN PAC),
it would need to be increased significantly for
wind capacities, both onshore and offshore.
Financing, supply chain but also operational
bottlenecks will need to be overcome to reach
such deployment rates in a transition scenario.
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Annual EU-27 installation rates of solar and wind in various scenarios (average 2022-
2050), contrasted with historical values 2021 and 2022 (in GW per year)
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The European electricity transmission and dis-
tribution networks, as well as flexibility capaci-
ties, need to adapt to handle rising power flows
and generation variability.

The European electricity network plays a
pivotal role in the energy system, enabling the
flow of electricity from production to demand.
To enable decarbonisation, power networks

need to evolve. First, to meet rising electricity
demand and production, transmission capa-
city must be reinforced. Second, traditionally
operating in a centralised manner, the network
must also adapt to accommodate an increasing
share of decentralised and intermittent gene-
ration resources. With most scenarios lacking
data on transmission and distribution network
adaptation needs by 2050, an in-house model
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was developed to assess required electricity
network investments for each scenario, consi-
dering variable renewable resource penetration
and total electricity demand (cf. Methodologi-
cal Appendix for more details). Investments in
interconnections between countries are also
factored in.

Developing flexibility resources is imperative
for managing a power system dominated by
variable renewables. Flexibility encompasses
the ability to adjust power production-demand
equilibrium on various time scales, from sea-
sons to seconds. This involves hydro reser-
voirs, other storage assets such as large-scale

batteries, demand-side response, and flexible
(renewable) gas plants.

Realising the entirety of the new European
power sector in 2050 will require investments
of some €4.4 trillion or €155 billion per year
on average.

Summing all cost categories related to the
power sector, the average investments nee-
ded from 2023 to 2050 amount to €4,362 bil-
lion, compared to €2,394 billion on average for
business-as-usual (BaU) scenarios. This results
in an extra cost of €1,972 billion over the period,
i.e. €70 billion per year on average.

Annual investment and extra-investment required in the electricity production, transmission
and distribution system, by 2050, per scenario and in average (in €billion per year)*
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The final differences observed between scena-
rios in terms of costs strongly depend on the
hypothesis shaping electricity demand in 2050.

This includes electrification intensity, energy
efficiency (high in EMBER), and energy suffi-
ciency (significantly higher in CLEVER and

EMBER System Change). The considered level
of imports of hydrogen and other synthetic
energies also has an impact on the demand.
TYNDP considers significant imports in the
‘Global Ambition’ scenario and lower in the
‘Distributed Energy’ scenario, while EMBER and
CLEVER consider no such imports.
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The projected need for public support in new
production and flexibility capacity is estimated
at around €930 billion by 2050 (or €34 billion
per year), far below current public expenditures.
Considering an average public coverage of 38%
for decarbonised production, 0% for networks,
and 10% for flexibility from now until 20507, this
incurs an additional cost of €417 billion over
the period (or €17 billion per year on average)
compared to the business-as-usual scenario.
These estimates pertain solely to the CAPEX
part of future investments. Despite a substan-
tial increase in renewable capacity installation,
the percentage of public coverage is anticipated
to decline significantly, leading to a marked
reduction compared to past and present public

expenditures associated with supporting ope-
rational assets (cf. Box 7.2.)

Measure 7.1

Support to renewable electricity pro-
duction and flexibility

Public cost
€34 billion per year
Public extra-cost
€16 billion per year

Main principles and uncertainties around public support for renewable electricity

production

Public support for renewable electricity

production, governed by 2014 European

community rules, adheres to the following
principles:

« Primary support for renewable energies
is production-based, supplemented mar-
ginally by research and development
(R&D) support.

« States can utilise either feed-in tariffs
(FiT) or, increasingly, market-based
remuneration mechanisms, known as
‘Contracts for Difference’ (or CfD). In the
former, every kWh injected into the public

grid is bought by an obligated buyer at a
predetermined rate, particularly effective
in securing projects in nascent stages. In
the latter, operators sell their produc-
tion on the market, receiving a variable
premium in addition until reaching a
guaranteed amount. If the market price
exceeds the guaranteed rate, the ope-
rator reimburses the difference to the
state. Both mechanisms aim to ensure
the producer is remunerated to cover
both capital and operational costs and
ensuring normal project profitability.

Inuestments in energy production and infrastructure 124



The issue of projected public expendi-
ture linked to these support mechanisms
is both sensitive and intricate. Sensi-
tive because renewable energy support
mechanisms commit Member States to
long-term contracts with significant finan-
cial implications'™. Intricate because of
the dependence of public expenditures on
CfDs, heavily depending on the electricity
market's long-term projections until 2050,
which are difficult (not to say impossible)
to foresee. Notably, public expenditures
can turn into revenues when the market
price exceeds the agreed-upon amount in
state-producer contracts™, as it is the case
since the rise in prices that followed the
Ukraine invasion. The future of public sup-
port for decarbonised power production
and flexible capacities will also strongly
depend on the outcome of the ongoing
electricity market design reform?.

Note: The public investments outlined in
this section do not encompass the entirety
of future public expenditures.

* To align with the study's focus on CAPEX,
only the CAPEX portion of public spending
is considered, representing approximately
75-80% of total costs for renewable” and
60-80% for nuclear? production assets.

* The presented public investments speci-
fically address the public share of future
investments. Ongoing and forthcoming
public expenditures associated with
supporting production assets initiated
in the past 15-20 years? are excluded.
For context, the total EU-27 public sup-
port to all types of renewable produc-
tion amounted to €86 billion in 2021%. In
terms of renewable electricity only, the
estimated public expenditure for 2021is ~
€70 billion®, i.e. twice the average expen-
diture planned in the transition scenario.

Switch from fossil gas to biogas and other ‘green’ gases

Conventional methane use in the EU is pro-
jected to cease or become negligible by 2050.
In addition to reducing demand and replacing
fossil gas for non-electrifiable applications, it
is crucial to produce low-carbon gases, parti-
cularly Biomethane and Hydrogen.

Biomethane, mainly derived from organic mat-
ter fermentation (anaerobic digestion)?, boasts
low lifecycle GHG emissions. However, its use is
restricted by land availability and competition
with other sectors for biomass resources. Bio-
methane production forecasts were evaluated
through TYNDP, CLEVER and compared to his-
torical production projections as business-as-
usual.

Hydrogen is anticipated to play a pivotal role
in decarbonising the industry and, to a lower
extent, transport sectors. It can also offer
long-term flexibility and energy storage in an
variable renewables-dominated power sys-
tem. Current hydrogen production, produced
through methane cracking, is highly carbonised.
Low-carbon hydrogen can be produced by
electrolysis (also called ‘power-to-gas’), using
water and low-carbon electricity. All scenarios
included hydrogen forecast, except CAN PAC.

Although currently showing lower maturity
level, ‘power-to-gas’ can also lead to synthe-
tic methane (‘e-methane’ or SNR for Synthetic
Natural Gas) through the methanation process
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(combining hydrogen and CO, as a carbon
source). Future synthetic methane production
was assessed solely in the TYNDP scenario.

Developing a decarbonised gas production
and transmission system by 2050 will require
investments of some €530 billion or €19 billion
per year on average.

Summing all cost categories, the average
investments needed from 2022 to 2050 amount
to €530 billion, compared to €377 billion on
average for Business-as-Usual (BaU) scenarios.
This results in an extra cost of €147 billion over
the period, i.e. €5 billion per year on average.

ALAVA'EN Annual investment and extra-investment required in the gas production, transmission
and distribution system, by 2050, per scenario and in average (in €billion per year)”
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Additionally, it's important to highlight that
scenarios with increased low-carbon gas pro-
duction will not only exhibit higher capital
expenditures (see Figure 7.9) but also elevated
operational expenditures. For imports, see Box
7..

Hydrogen and synthetic methane production
also indirectly incurs around 25% of the invest-
ment costs in electricity production systems,
i.e. €22 billion per year.

In this subsection, only the capital expendi-
tures (CAPEX) for electrolysis and methanation
systems are considered. Nevertheless, around
25% of the 2050 electricity production will be
dedicated to hydrogen electrolytic production.

The estimated public cost by 2050, tied to both
gas price evolution and green gases production
cost reduction, is highly uncertain, akin to elec-
tric renewable energies.
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Assuming an average public coverage of

23% for biomethane?, 31% for hydrogen and Measure 7.2

e-methane? between now and 2050, the need

for public investments would average around Support to green gas production
€114 billion by 2050, i.e. an extra cost of €71 bil- through guaranteed selling prices

lion over the period (€2,5 billion per year on
average).

Public cost
€4,1 billion per year
Public extra-cost
€2,5 billion per year

Ensuring 2050 green gases balance between production and demand

Regardless of the scenario, green gas resources are bound to be scarcer and costlier than
historically used fossil gas, due to limited biomass resources. Therefore, prioritising gas
applications is mandatory, starting with those most challenging to replace with electricity
- especially in industrial use for heat production. Heavy transportation (tractors, trucks)
should then be prioritised.

This study confirmed that the projected gas needs for different sectors by 2050 can be
fulfilled by the outlined capacities for green gas production. Figure 7.10. summarises the
2050 requirements for downstream sectors in the ‘Road to Net Zero’ scenario and the
anticipated gas production potential for each method (anaerobic digestion, pyrogasi-
fication, power-to-gas). These RtoNZ values are subsequently contrasted with demand
and supply levels analysed in all primary energy scenarios covered in the energy chapter,
indicating conservative realistic volumes.
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EU-27 hydrogen (top) and methane (bottom) demand and supply in 2050, for the
RtoNZ general scenario and all main energy scenarios studied in the Energy section.
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These equilibrium points are subject to adjustment based on the current development
speed of different green gas production methods, changes in their respective production

costs, and competition with other energy vectors like electricity.
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Phase out coal and oil, end conventional refining activities

The phasing out of oil, driven by decreases in
both demand and supply, will accelerate the
decline in conventional refining activities.

Beyond phasing out coal, which is mainly
used for electricity production (cf. Subsection
7.3.1), reaching carbon neutrality also implies
ending use of fossil oil. A complete phase out
of liquid oil could prove more complex, even
though European refineries have been shut-
ting down for a long time already (13% of refi-
ning capacity in Europe closed over the last
decade®) due to a lack of international com-
petitiveness. All transition scenarios assume a
strong decrease in both fossil oil supply, due to
a progressive shortage of reserves® %, as well
as in fossil fuel demand, as mobility (represen-
ting 75% of refinery output®) electrifies rapidly.
Adding to that, the move towards a more cir-
cular economy and recycling is also likely to
decrease the demand for chemicals (plastics)®.
Price distortions before peak demand and sur-
ging oil prices from restricted supply might even
accelerate this trend away from fossil oil uses®.

Like all conventional sectors affected by the net
zero transition, refineries slated for closure will
require social support through a dedicated Just
Transition Fund (cf. Subsection 10.1.3.)

In transition scenarios, some refining activities
will remain and be converted to the production
of transition fuels.

But European refineries will not all have to
close to adjust to the drop in fossil oil demand.
Some will be converted to transition needs
and switch from fossil fuels to the required
biofuels, hydrogen and e-fuels needed to meet
the incompressible demand for liquid fuels.
Part of the petrochemical industry will switch
to bio-based chemistry. Another (small) part of
the activity may even remain and be equipped
with carbon capture technologies to provide the
e-fuel assets with CO, feedstock. In the end, the
RtoNZ model estimates that ~90% of current
refining emissions will be avoided by 2050.

The level of investments needed for this switch
is relatively low and depends on the part of
alternative fuels to be imported versus locally
produced. On average, it adds up to €18 billion
in total by 2050, with an uncertain public part.

Average investments in biofuels and e-fuels-
from 2022 to 2050 will amount to €18 billion,
resulting in an extra cost of €0.6 billion per year
on average. This covers only the CAPEX for fuel
production, as the related renewable power and
electrolysis assets are already accounted forin
the previous sections. This assessment also very
much depends on whether these decarbonised
liquid fuels are locally produced (e.g. 100% in
the CLEVER scenario) or partly imported (e.g.
significant imports assumed in TYNDP3),
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Annual investment and extra-investment required in liquid fuels production plants, by
2050, per scenario and in average (in €million per year)”
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These figures exclude the primary e-SAF investments required for the aviation sector, mainly categorised under
the transport sector. Depending on the sufficiency level achieved, there could be an additional €3.1 billion per
year (covering the entire chain from electricity production to e-fuels), equating to a maximum of €1.2 billion in

additional public expenditures.

Synthetic liquid fuels production also indirectly
incurs around 4% of the investment costs in
electricity production systems, i.e. €3.6 billion
per year.

In this subsection, the focus is on the capi-
tal expenditures (CAPEX) of assets converting
hydrogen into synthetic liquid fuels. Neverthe-
less, around 4% of the electricity production will
indirectly be needed to produce the hydrogen
transformed into e-fuels.

The estimated public cost by 2050 is highly
uncertain, as it depends on the evolution of
market prices, akin to electricity from renewable
sources. Assuming an average public coverage
of 50% for e-fuels, and 0% for biofuels between
now and 2050, the need for public investments
would average around €3.6 billion by 2050 (€0.1
billion per year on average).

Decarbonise heat production for district heating

Although the size of heat networks is set to
increase, heat production is expected to
decrease by 28% by 2050.

This paradoxical situation can be explained
on the one hand by a fall in heat consump-
tion in industry, and on the other by global
stagnating consumption in better-insulated
buildings, which means that networks need to
be extended to connect new residential areas.
Derived from negaWatt's CLEVER scenario®,
this decline in heat production masks signifi-

cant variations among Member States® and is
therefore not correlated with a halt in network
investment. District heating systems, facilitated
by centralising heat production and distribu-
tion, remain efficient tools to decarbonise heat
consumption, especially in residential areas.

Summing production and network cost cate-
gories, the average investments needed from
2022 to 2050 amount to at least €57 billion. This
results in a yearly minimum cost of €2 billion
on average.
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Investments will indeed be required to decar-
bonise heat production systems, through tech-
nologies such as biomass boilers, large-scale
heat pumps and solar thermal power systems.
Decentralised heat production assets are
already covered in other sectors (e.g. buildings
and industry). That said, without reliable data

by 2050, the average investment cost could turn
out to be much higher than estimated.

Assuming an average public coverage of 12%*°
between now and 2050, the need for public
investments would average around €7 billion
by 2050, i.e. €0.26 billion per year on average.

on the necessary expansion of heat networks

Notes

1. And limiting the impacts of their mining and production.
2.The overall investment effort corresponds to the average cost of the energy transition scenarios studied and presented below.

3. Past data is sourced from the EEA Dataviewer. Targets for 2020 and 2030 reflect the EU's overall emission reduction goals of
-20% and -55% from 1990 levels, distributed proportionally according to each sector's 2021 emission share. The 2050 target aligns
with residual emissions in the RtoNZ transition scenario. WEM (With Existing Measures) projections, utilising EEA & Climact data,
estimate future emissions considering measures already implemented by the EU and its Member States.

4. Eurostat, Simplified energy balance, consulted in November 2023.
5. Eurostat, 2023, ‘Shedding light on energy in the EU - 2023 edition’.
6. 1n 2021, the main imported energy product was petroleum (64%), followed by natural gas (25%) and solid fossil fuels (6%).

7.Source: Eurostat. Compared with 82% of fossil primary energy consumption worldwide, according to the BP’s Statistical Review
of World Energy 2022.

8. European Commission, 2023, Renewable Energy Directive.

9. International Energy Agency, 2023, ‘World Energy Outlook'.
10. European Commission, 2023, Energy Efficiency Directive.

11. For the European Union, nine scenarios were studied: three EMBER New Generation scenarios, European Commission’s Stepping
up Europe’s 2030 climate ambitions REG and CPRICE scenarios, negaWatt's CLEVER, Climate Action Network (CAN) PAC, ENTSOS'
TYNDP Global Ambition (GA) and Distributed Energy (DE) scenarios.

12. Eurostat, 2023, ‘EU imports of energy products’.
13. €300¢4 billion, cf. Eurostat, 20 March 2023, ‘Euroindicators’.

14. European Commission, 24 October 2023, ‘State of the Energy Union’. In its ‘National fiscal policy responses to the energy crisis’
2023 publication, the Bruegel institute announced €540 billion spent on energy shields since Septembre 2021.

Inuestments in energy production and infrastructure

131


https://www.eea.europa.eu/data-and-maps/data/data-viewers/greenhouse-gases-viewer
https://www.eea.europa.eu/data-and-maps/figures/eu-27-ghg-emission-trends-2
https://pathwaysexplorer.climact.com/pathways?visualisation=0&region=EU27&source=model&scenario=User+defined+scenario&levers=H4sIAAAAAAAAA52NsQqAQAxDcc2gJUS4W05H__-z_IoLRUUEHXxdQps02Af9I0qUOd7ACSsJpsxUfH8lpxujAYkHah6mv9p1SId9axK8ktsWXLWrtEkduiUUve0AAAA
https://ec.europa.eu/eurostat/databrowser/view/NRG_BAL_S/default/table?lang=en
https://ec.europa.eu/eurostat/web/interactive-publications/energy-2023#energy-sources
https://energy.ec.europa.eu/topics/renewable-energy/renewable-energy-directive-targets-and-rules/renewable-energy-directive_en
https://www.iea.org/reports/world-energy-outlook-2023
https://energy.ec.europa.eu/topics/energy-efficiency/energy-efficiency-targets-directive-and-rules/energy-efficiency-directive_en
https://ember-climate.org/insights/research/new-generation/
https://eur-lex.europa.eu/resource.html?uri=cellar:749e04bb-f8c5-11ea-991b-01aa75ed71a1.0001.02/DOC_1&format=PDF
https://eur-lex.europa.eu/resource.html?uri=cellar:749e04bb-f8c5-11ea-991b-01aa75ed71a1.0001.02/DOC_1&format=PDF
https://data.clever-energy-scenario.eu/Results_EU.html
https://www.pac-scenarios.eu/fileadmin/user_upload/PAC_scenario_technical_summary_29jun20.pdf
https://2022.entsos-tyndp-scenarios.eu
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=EU_imports_of_energy_products_recent_developments&oldid=554503#Trend_in_extra-EU_imports_of_energy_products
https://ec.europa.eu/eurostat/documents/2995521/16310167/6-20032023-AP-FR.pdf/72da417c-a94e-2b49-cbf4-9e7a9f453791?version=4.0&t=1679665764426
https://eur-lex.europa.eu/resource.html?uri=cellar:b27b8b93-725d-11ee-9220-01aa75ed71a1.0001.02/DOC_1&format=PDF
https://www.bruegel.org/dataset/national-policies-shield-consumers-rising-energy-prices

Negawatt, 2023, CLEVER scenarios.

Only physical data, i.e. the annual installed production and storage capacity, was retrieved from the scenarios mentioned.
The costs of flexibility and storage resources were assessed as the cost of new assets plus the costs of renewal. The power grid
costs were added based on our own estimations. For scenarios lacking data on a certain category, the average observed in other
scenarios was added (e.g. flexibility in negaWatt CLEVER).

Extrapolation based on the historical and current public support in 7 Member States, and the expected evolution of LCOE
per technology.

The solar sector's surge and subsequent moratorium in the 2000s, for instance, underscores the need for careful anticipation
and strict oversight.

For instance, the surge in electricity prices in 2021, reaching €190/ MWh on February 7, 2022, resulted in market prices 2 to 3
times higher than the reference rate proposed by winners in the latest French tendering round for large-scale solar PV (€60/ MWh).

Public backing for new investments in decarbonised generation should involve two-way Contracts for Difference. The resulting
net public costs will be contingent on electricity price dynamics and administratively set auction cap prices. Simultaneously,
strengthening corporate Power Purchase Agreements (PPAs) and forward markets can encourage private investments, potentially
lessening the reliance on public support. Additionally, Member States must establish national flexibility targets, considering
long-term support schemes like capacity payments to meet these objectives. For more details, see: European Council, dec 2023,
‘Reform of electricity market design: Council and Parliament reach deal'

Institut Rousseau, Greenpeace, ‘Current costs of low-carbon energy production assets’, nov 2021.

International Energy Agency, ‘Levelized Cost of Electricity Generator’ and French Ecology Ministry, ‘Synthése publique de 'étude
des colits de référence de la production électrique’.

Average Duration of Feed-in-Tariff (FiT) and Contracts for Difference (CfD) Support Agreements.

European Commission, Enerdata and Trinomics, 2023 report for the DG Energy, p.33, Study on energy subsidies and other
government interventions in the European Union - Publications Office of the EU (europa.eu).

To calculate this amount, which was not available to us, we used our costing for total public spending in 7 Member States
(representing the vast majority of public investment in RES-E production in the EU) to which we have applied an extrapolation
ratio (we assume that our EU-7 total represents 79.36% of the EU-27 total). For more details about this calculation, please refer
to the Methodological Appendix.

It can also be produced by gasification of woody biomass (a thermochemical process with a lower TRL than anaerobic diges-
tion used to produce biogas).

Only physical data (i.e. the annual gas production) was retrieved from the scenarios mentioned. For scenarios lacking data
on a specific gas, the average cost from other transition scenarios was used. The costs were assessed as the cost of new assets
and renewal, based on unit costs detailed in the Methodological Appendix. The costs incurred by the development of the gas
networks were assessed based on Institut Rousseau’s in-house methodology.

Extrapolation based on the historical and current public support in 7 Member States, and the expected evolution of LCOG
and gas prices cf. Methodological Appendix for more details.

For Hydrogen, extrapolation based on the difference between a reference price and LCOH projections in the 7 Member States.
For e-methane, the coverage ratio is set at 50% cf. Methodological Appendix for more details.

Ricardo for Transport & Environment, 2022, ‘What future role for conventional refineries in the decarbonisation transition?’.

Which will restrict the range of feedstocks available and increase pressure on refineries that are not flexible enough.

The Shift project, 2021, ‘The future of oil supply in the European Union: state of reserves and production prospects for major
suppliers’.

Road fuels represented 60% of 2021 refinery output; aviation and maritime fuels 15% (Eurostat).

negaWatt, 2022, CLEVER.

Pangea strategic intelligence, ‘European Oil Refining - End of the Road?.

844 TWh in 2050 in Global Ambition, 360 TWh in Distributed Energy.

Only physical data, such as annual liquid fuels production, was obtained from the mentioned scenarios. The level of biofuel
production relies on Negawatt's assumptions across all scenarios. For e-fuel production, only the investment costs of the synthesis
plant are accounted for; the investments required for its inputs, hydrogen and electricity, are included in the Gas and Electricity
Subsections. The Business-as-Usual (BaU) scenario assumes zero costs, as it conservatively maintains today’s production capacities.

Note: Assumptions on the evolution of heat production systems were retrieved only from the Negawatt-CLEVER scenario.
The negaWatt CLEVER scenario can yield values that may significantly differ from the National Energy and Climate Plans.

Extrapolation based on the historical and current public support in 7 Member States, and the expected evolution of Levelised
Cost Of Gas production (LCOG) and gas prices.
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https://data.clever-energy-scenario.eu/Results_EU.html
https://www.consilium.europa.eu/en/press/press-releases/2023/12/14/reform-of-electricity-market-design-council-and-parliament-reach-deal/
https://cdn.greenpeace.fr/site/uploads/2021/11/Les-couts-actuels-des-energies-electriques-bas-carbone_Greenpeace-France-et-Institut-Rousseau_Novembre-2021.pdf
https://www.iea.org/data-and-statistics/data-tools/levelised-cost-of-electricity-calculator
https://inis.iaea.org/collection/NCLCollectionStore/_Public/40/065/40065236.pdf
https://inis.iaea.org/collection/NCLCollectionStore/_Public/40/065/40065236.pdf
https://op.europa.eu/en/publication-detail/-/publication/32d284d1-747f-11ee-99ba-01aa75ed71a1/language-en/format-PDF/source-297422246
https://op.europa.eu/en/publication-detail/-/publication/32d284d1-747f-11ee-99ba-01aa75ed71a1/language-en/format-PDF/source-297422246
https://www.transportenvironment.org/wp-content/uploads/2023/01/ED15882-Ricardo-refineries-study-for-TE-Final-report-15Jul2022-2.pdf
https://theshiftproject.org/wp-content/uploads/2021/05/The-Future-of-Oil-Supply_Shift-Project_May-2021_SUMMARY.pdf
https://theshiftproject.org/wp-content/uploads/2021/05/The-Future-of-Oil-Supply_Shift-Project_May-2021_SUMMARY.pdf
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Oil_and_petroleum_products_-_a_statistical_overview#Production_of_crude_oil
https://negawatt.org/clever-scenario-de-transition-energetique-pour-l-Europe
https://www.pangea-si.com/intelligence/european-oil-refining/
https://negawatt.org/clever-scenario-de-transition-energetique-pour-l-Europe
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Optimise

Current emissions and reduction potential

O~

Action levers to mobilise:
1. Separately collect and recover biowaste

2. Reduce plastic use, increase plastic recycling 77%

109 and substitution with other materials
Mt CO,eq/year

3. Reduce wastewater treatment emissions

through process adaptation 2050 decarbonisation

potential
4. Produce biogas from waste and sludge

Sector’s weight in necessary investments (in % of all sectors)
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Public investment needs

bn€/year

Total extra public investment in proposed public policies: 2 bn€/year

Improve biowaste management

bn€/year

Reduce emissions tied to plastics incineration

Produce biogas from waste and sludge

Complementary measures:

Implementing the Landfill Directive for municipal biowaste management

Promote awareness for municipal biowaste sorting

Reduce plastic packaging

Harmonise the EU plastics tax system and further develop European standards for recycled plastics

Accelerate the inclusion of incinerators in the ETS (2028) and impose a ban on new incinerators

Make feed-in tariff with investment grants cumulative; Introduce biogas production certificates for WWTP;
Further implement energy saving certificates for WWTP

Key takeaways

- Waste management accounted for 4.2% of
total EU27 emissions in 2021 (3.1% when exclu-
ding plastic incineration with energy reco-
very), representing 146 MtCO,-eq.

* The main levers for reducing these emissions
are the separate collection and recovery of
bio-waste, the reduction of plastic use and
increased recycling, the reduction of emis-
sions from wastewater treatment and the
production of biogas from waste and sludge.

« Combined, these measures represent an invest-
ment of €3.2 billion per year until 2050 (out of
which €1.9 billion are included in the Indus-
try section in this study). 65% of this amount
represents extra investment compared to a BaUu
scenario and most of this extra-investment cost
will have to be carried by public investment.

« Strong public measures are required to achieve
emissions reduction, such as regulated tariffs
for biogas, standards for recycled plastics or
monitoring of the implementation of separate
collection of bio-waste.

* Considered together, these measures will
reduce the sector's emissions by 81% in 2050
(when including plastic incineration with
energy recovery, against -77% without waste-
to-energy). Beyond emission reduction, they
also represent major opportunities in terms of
energy autonomy, access to critical resources,
soil management and public health.

* When it comes to waste management, and
plastic waste in particular, it is critical to
highlight the primacy of plastic demand
reduction (global demand increased from 1 Mt
in 1950 to 390.7 Mt in 2021) over plastic recy-
cling. Plastic recycling shouldn’t be discarded,
but it is expensive, highly dependent on virgin
material prices, and doesn’t allow technically
to break away from the linear economy. In this
respect, it is important to note that the most
advanced European countries in terms of recy-
cling (e.g. Norway, Germany, Sweden) - with
recycling rates above 40% - did not reduce
their virgin fossil-based plastic demand by
the same amount over the past years.



The waste sector includes several
activities:

- Storage (e.g. landfilling) of solid waste;

« Treatment and discharge of domestic
and industrial wastewater;

- Waste incineration (with or without
energy recovery);

« Other solid waste treatment methods
(e.g. industrial composting and
anaerobic digestion).

Emissions of the sector

Waste management accounted for 3.1 to 4.2%
of total emissions in 2021.

The EU-27 waste sector emitted 109 MtCO,-eq
in 2021, rising to 146 MtCO,-eq with incineration
and energy recovery. It constitutes 31% or 4.2%
of the EU-27's 3.5Gt total emissions in 2021, with
incineration falling under the waste sector but
allocated to the energy sector by the EEA due to
its growing role in European energy production

Including waste-to-energy incinerators (WtE),
the EU-27's 146 MtCO,-eq emissions come from
three main sources: landfills, wastewater treat-
ment plants and incinerators.

- Biowaste decomposition in landfills contri-
butes to 52% of sector emissions. Municipal
biowaste in Europe, ranging from 78Mt’ to
91Mt?, includes food and garden waste. Only
32% to 39%° is separately collected, while the
rest heads to incineration or landfill. This
landfilling, causing methane (CH,) emissions,
reached 76 MtCO,-eq in 2021.

- Waste incineration, primarily plastics, contri-
butes 28% of sector emissions. Almost all of
the 40 MtCO,-eq emissions arise from the 504
operational WtE incinerators in the EU-27%.

- Wastewater treatment plants (WWTP) contri-
bute 16% of sector emissions, with 23 MtCO,-eq
estimated for the EU-27 in 2021. Emissions
include CH,, N,O, and CO, from various
sources, with N,O emissions and WWTP energy
consumption being predominant. Notably,
energy consumption largely stems from sludge
aeration (50-60% of plant energy).

The sector's emissions have decreased by 41%
since 1990 but are not aligning with climate
objectives.

The waste sector’s emissions have declined
by 41% since 1990, an average reduction of 2.3
MtCO,-eq/year over the last decade. To achieve
the ‘Fit-for-55' 2030 target aligned with the sec-
tor's current share, the rate of reduction would
need to increase by a factor of 2.5. Projections
based on existing policy measures indicate that
meeting the 2050 target is currently extremely
unlikely (2050), as illustrated in Figure 8.1.
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Waste management past UE-27 domestic emissions and progress towards achieving 2030
and 2050 targets, in million tons of CO, equivalent (MtCO,e).°
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This trend hides contrasting dynamics between
waste sub-sectors, especially when conside-
ring incineration with energy recovery. Emis-
sions from incineration with energy recovery
rose sharply over the period and, if included,
would lead to a ‘business-as-usual’ scenario
with rising emissions by 2050, making it impos-
sible to achieve the European ‘Fit for 55' targets.

© RtoNZ net zero target

2020 2025 2030 2035 2040 2045 2050

T
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In order to meet EU climate targets, it is the-
refore necessary to act on all waste sub-sec-
tors, both by reducing the quantity of waste
produced (plastics in particular) and chan-
nelling it into low-carbon waste treatment
processes.
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How to decarbonise the sector?

Several levers can be used to reduce EU-27 waste sector’'s emissions:

Methane emissions from biowaste decomposition in solid waste
landfills

Separately collect and recover biowaste

+ GHG emissions from landfills decreased by 45% (1990-2021), due to the Landfill Waste Directive
(1999). Amended in 2008, it now mandates all local authorities and biowaste-producing profes-
sionals to collect biowaste separately from January 1, 2024.

« Composting enhances soil by returning organic matter to the soil and by improving water reten-
tion, mineral salt storage, and carbon sequestration. It reduces reliance on synthetic fertilisers,
promoting long-term soil fertility.

« Biogas production through anaerobic digestion turns biowaste into renewable gas and organic
matter. Currently, biowaste collection is evenly split between composting and methanisation on a
European scale, which sets the right balance between soil fertility and energy mix decarbonisation.
The lever is already known by public authorities, but deployment and capital investment are key.

Incineration of waste containing fossil carbon, mainly plastics

Reduce demand for plastic

The main lever to reduce incineration’s emissions is to lower demand from the main plastic-consu-
ming industries (e.g. packaging, consumer goods, automotive and construction: 75% of current EU-27
total plastic demand). The demand for packaging plastic should decrease under the deployment
of deposit-schemes, new distribution models (based on re-use, ‘as-a-service’ models, bulk distri-
bution) and the elimination of easily avoidable plastics.

Substitute plastics with other materials
In certain specific cases, plastics will be substituted with other materials, notably paper and
cardboard, but also compostable packaging. These substitution solutions will have to be deployed

on a case-by-case basis when no reduction lever can be considered, given the variable environ-
mental gain of substitution depending on paper sources.
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Increase plastic recycling

To address unavoidable plastic production
and divert it from incineration, particularly in
sectors like automotive or construction, inten-
sifying mechanical and chemical recycling is
crucial. To do so, Member States must:

« Increase recycling capacities, both mechanical
and chemical.

- Boost collection and sorting capabilities and
enhance sorting efficiency, especially through
automated processes, which elevates recycled
plastic quality.

« Implement education programs to promote
proper plastic waste sorting and separate col-
lection.

- Integrate recycling-by-design principles,
incorporating design-based recyclability rules
during production, which supports the stan-
dardisation and simplification of plastics. Shif-
ting from complex to simpler plastics should
facilitate recycling.

Wil

PAPER

PLASTIC GLASS

o 20

These levers could potentially reduce plastic
incineration in Europe by 86% by 2050°. Glo-
bally, plastic recycling remains technically
challenging. Mechanical recycling has a limited
number of recycling cycles, and emerging che-
mical recycling cannot currently process all
plastics (e.g. purification constraints) and is
reportedly energy-intensive. Thus, it is impera-
tive to prioritise uses, minimise demand, and
consider recycling only as a last resort in end-
of-life management.

H\|||||/H\|I|||/’

Energy consumption and process emissions from wastewater

treatment plants (WWTP)

Selective urine collection

Source separation of urine - mainly feasible for new buildings - has the potential to reduce downstream
energy consumption and N,O emissions associated with deammonification, while also providing a low
carbon fertiliser, as urines are highly concentrated in nitrogen, phosphorus and potassium.

Deammonification

Deammonification reduces oxygen consumption during the treatment process, cutting aeration,

energy needs, and N,O emissions.

Adsorption/Bio-oxidation

The Adsorption/Bio-oxidation (A/B) process divides conventional activated sludge treatment into
two stages. Initial adsorption leads to a -15% reduction in aeration and energy during subsequent
bio-oxidation’. Generated sludge enhances biogas production by +17% during methanisation,
reinforcing plant energy autonomy.
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Plant monitoring, control and efficiency

Energy efficiency through controlled plant management can reduce energy consumption linked
to the main consumer items (e.g. aeration and pumping, which account for around 70-80% of a
plant's energy needs). Beyond control, efficiency can also be improved through equipment retrofit
introducing high-efficiency motors, frequency inverters, etc.

Biogas production and energy decarbonisation

On-site anaerobic digestion of sludge and injection of resulting biomethane into the gas network,
coupled with decarbonisation of the energy consumed at the plant enable to reduce emissions
and improve energy production. It is important to note that when it comes to biomass recovery
(energy and return to the soil), other biological or thermochemical treatment processes may be
considered on a case-by-case basis (e.g. enzymatic hydrolysis; gasification; etc.)

The combination of these levers will not only
reduce the impact of wastewater treatment
plants, but also make them energy self-suf-
ficient or even energy positive. Due to data
availability reasons, only the biogas production
and energy decarbonisation levers have been
included in the roadmap.

All combined, these action levers show a
total GHG emissions reduction potential of 81%
by 2050, as shown in Figure 8.2. The only waste
sub-sector to see its emissions increase slightly
(+52% in combined emissions over the period)
is the biological treatment of solid waste (e.g.
industrial composting and biogas production),
impacted by the redirection of bio-waste flows
from landfill to these sectors.

AAE: AN Decarbonisation levers’ emissions reduction potential for UE-27 over the 2021-2050

period (in MtCo,eq)
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6 How much investment does it require?

The investments needed to decarbonise the waste sector must nearly quadruple compared to the
‘business-as-usual’ investment trajectory, reaching €85.4 billion from 2023 to 2050.

FLERR Annual investment and extra-investment needed to decarbonise the waste sector, per
lever (€billion per year)
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Slight differences can be observed from one
country to another regarding the weight of
BaU investment against total required invest-
ment. This is mainly explained by countries'
different current progress rate regarding the
separate collection and sorting of biowaste.
Indeed investments for plastics are exclusively
extra-investment and investment for WWTP are

exclusively BaU, no matter the country. Some
countries (namely Netherlands, Germany, Italy,
Sweden, France) show a positive trend towards
increased composting and anaerobic diges-
tion (AD) in the waste end-of-life treatment
mix, while this composting/AD rate progressed
slower in other countries (namely Poland and
Spain).

What role for the public sector?

Public authorities have a major role
to play in the transition of the waste
sector, as most of the financial invest-
ment required alongside public policy
measures will have to be deployed by
public authorities.

All this extra capital represents a
total of €55.6 billion to be deployed
by public authorities over the period
2023-2050. Of this €55.6 billion,
€49.3 billion - i.e. extra investment
dedicated to the plastics sector) is
accounted for in the industry sector
in this study.

Beyond financial investments, the success of
decarbonising the EU-27 waste sector depends
on the implementation of several public policies.

Biowaste

- Implementing the Landfill Directive: the Land-
fill Directive mandates separate biowaste col-
lection in Europe by 2024. To ensure effective
application and stability, enhancing control
and sanction capabilities for non-compliant
producers and involving regional authorities
in regulation implementation are crucial mea-
sures.

- Promoting Awareness: biowaste recovery suc-
cess relies on high-quality, uncontaminated
waste. National communication campaigns
targeting professionals and individuals can
promote biowaste sorting and prevent conta-
mination, especially from plastics.

« Optimising Collection Schemes: while various
collection schemes exist, drop-off points
demonstrate superior effectiveness in both col-
lection rates and waste quality. Paris's case study
comparing door-to-door and drop-off points
collection highlights the latter's quantitative
(capture rate) and qualitative advantages®.

+ Reducing Plastic Packaging: the reduction
and substitution of plastic packaging are cru-
cial to minimise sorting errors. The European
Commission's proposed ban on lightweight
conventional plastic bags aligns with this
objective, ensuring uncontaminated bio-waste
streams.
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At a time when many European countries have
recently been criticised by the European Com-
mission for not meeting their 2035 waste recy-
cling targets (Landfill Directive), all the invest-
ments and measures described here will help to
significantly accelerate the appropriate mana-
gement of biowaste, which accounts for a major
share of municipal waste (around 30%).

Plastics

- European Standards for Recycled Plastics:
Imposing European standards, aligned with
the eco-design draft regulation, is vital for
promoting recycling and expanding the use of
recycled plastics. This initiative, particularly
for food packaging, secures economic outlets
for the growing recycling sector.

« Incinerator Regulation and Ban: Accelerating
the inclusion of incinerators in the ETS (2028)
and imposing a ban on new incinerators, along
with halting public funding, to slow down the
‘waste-to-energy’ sector and avoid ‘locking
in’ certain investments and their associated
emissions.

- Harmonising Plastics Tax System: Protecting
the European market from high-emission
plastics through Carbon Border Adjustment
Mechanism and harmonising intra-European
plastic taxes.

« Sector-Specific Regulations in the Construc-
tion Industry (enforce mandatory selective
demolition and on-site sorting), Automotive
Sector (e.g. increase incineration or landfill
costs for vehicle shredder residues), Distribu-
tion Innovation (introduce incentive programs
for new distribution methods and deposits).

Measure 8.1

Improve biowaste management by
ensuring separate biowaste collection,
enhancing control measures, optimi-

sing drop-off point collection sche-
mes, and reducing plastic packaging to
accelerate bio-waste treatment

Public extra-cost
€0.23 billion per year

These multifaceted regulations encourage the
separate collection of used plastics across
diverse sectors, contributing to a more sustai-
nable and circular approach.

Measure 8.2

Enact comprehensive policies, inclu-
ding the imposition of European stan-
dards for recycled plastics, the regu-
lation and ban of incinerators with

accelerated inclusion in the ETS (2028),
and harmonisation of the plastics tax
system.

Public extra-cost
€1.83 billion per year
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Wastewater treatment plants

- Increasing and stabilising the biogas feed-in
tariff to guarantee project developers a sus-
tainable investment framework.

- Indexing feed-in tariffs to the price of energy
to adapt subsidies to the changing economic
environment of operators.

« Cumulating feed-in tariff with investment
grants.

- Introducing biogas production certificates to
provide additional income for projects.

- Further implementation of energy saving cer-
tificates for the retrofitting of certain equip-
ment in treatment plants (e.g. high-efficiency
engines; variable frequency drives; etc.), as
initiated in France, for example.

Notes

* Support research around water treatment to -
among other topics - understand into further
details WWTP emissions (e.g. N,O) and pursue
research around unconventional bioprocesses
reducing oxygen consumption while maximi-
sing recoverable biomass.

« Regulatory possibility of mixing sludge and
biowaste on digesters to create synergies,
circular economy and facilitate project deve-
lopment.

The funding required for wastewater mea-
sures totals €383 million annually, which can
be sourced through the redirection of existing
business-as-usual investments.

1. EEA, 2020, ‘Bio-waste in Europe - Turning challenges into opportunities’.

2. ZWE, 2020, ‘Biowaste in the EU: Current capture levels and future potential’

3. Ibid.
4. CEWEP, Map of Waste-to-Energy plants.

5. Past data is sourced from the EEA Dataviewer. Targets for 2020 and 2030 reflect the EU's overall emission reduction goals of
-20% and -55% from 1990 levels, distributed proportionally according to each sector's 2021 emission share. The 2050 target aligns
with residual emissions in the RtoNZ transition scenario. WEM (With Existing Measures) projections, utilising EEA & Climact data,
estimate future emissions considering measures already implemented by the EU and its Member States.

6. SystemlQ, 2022, ‘ReShaping Plastics’.

7. Marléne Choo-Kun, ‘Integration of sludge anaerobic digestion into an alternative wastewater treatment process based on the

A/B process’, 2017.

8. Expert calls - Les Alchimistes.
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Business-as-usual
(BaU) Trend scenario

Sustainably storing residual
emissions in biomass and soils

Current emissions and reduction potential

Decarbonisation levers to mobilise:

. Improve forest management

. Revitalise degraded ecosystems

. Support wood industry adaptation
. Increase forest area

. Turn grasslands back to net sinks
. Plant hedgerows and field trees

. Protect wetlands and peatlands

00 N & g A W N =

. Reach net zero artificialization

Global investment needs

UE-27 global investment and extra-investment

‘Road to Net Zero’
Transition scenario

Required extra I

investment

Redirection of
current investment

i
I 10,8 bn€/year I
i

towards transition
[

Total investment

0,08%

Global investment and extra-investment per lever, per country (in % of GDP):

Total extra-investment

0,07%
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® Decarbonised
investment

® Extra-investment

@ Restore
peatlands

@ Paludiculture

® Protect
peatlands

© Plant trees in
open fields

@ Plant hedgerows
Increase
forest area

@ Storage in HWP

@ Revitalise
ecosystems

@ Forest
management




Public investment needs

Total public investment in Public share in total Public extra-investment
proposed public policies investment in % GDP

13, & vneyear 64% 0,04%

Total extra public investment in proposed public policies: 6,7 bn€/year
b ® Improve forest management

@® Revitalise degraded ecosystems
6'7 ® Support wood industry adaptation
bn€/year ® Increase forest area

© Turn grasslands back to net sinks

® Plant hedgerows and field trees

Protect wetlands and peatlands

Complementary + Enhance Forest management labels
measures: + Preserve 10% of each country's forests from exploitation and deforestation
+ Establish a legal framework to ensure the protection of wetlands and peatlands
+ Implement an artificialization tax for companies funneled toward protected area expansiol

Sector’s weight in necessary investments (in % of all sectors)

TOTAL INVESTMENT (Public + Private) PUBLIC INVESTMENT

TOTAL EXTRA TOTAL EXTRA

0,9% 3% 1,7% 2,6%

Key takeaways

« Carbon sinks are critical from both climate change mitigation (absorbing other sector’s residual
missions) and adaptation standpoints.

« The current net sink capacity in the EU not only falls short of covering the residual emissions
projected for 2050 but is expected to decline.

« Carbon sinks vary greatly from one country to another and must be considered within a European
context. Current net-emitting ecosystems must be converted into net sinks.

« Climate change challenges impose a fundamental shift in forest management, based on local
customisation and strategic long-term planning. Clear cuts must be strongly regulated.

» Wetland ecosystems, though ecologically crucial, currently emit greenhouse gases due to
human-induced degradation. They must be protected at all costs.
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Carbon sinks are critical from both climate
change mitigation and adaptation standpoints.

The LULUCF (‘Land Use, Land Use Change
and Forestry'") sector, encompasses emissions
from Forest Land, Cropland, Grassland, Wetland,
Settlements, and Harvested Wood Products
(HWP). The stakes for the sector are twofold,
with an aim to both mitigate and adapt to cli-
mate change:

1. Mitigation: achieve a level of negative emis-
sions equivalent to the EU's positive residual
emissions in 2050, in order to reach ‘net zero’;

2. Adaptation: build a forestry and soil mana-
gement model to store residual emissions
sustainably for the long term and maximise
resilience to climate change. A successful
adaptation to climate change is also a pre-
requisite to unlock the mitigation potential
of forests.

In the EU, insufficient funding for public forests
and wetlands hinders effective management of
fragmented and degraded ecosystems. Despite
the 2030 Biodiversity Strategy and the ‘3 billion
Trees' plan from the European Green Deal, cur-
rent policies and practices are unsuited to deal
with long-term challenges. While public entities
lay the groundwork for national management,
the private sector must adopt new practices,
transforming the economic landscape. Public
institutions must serve as catalysts for change,
providing a vision and supporting necessary
private investment.

Ecosystems and healthy soils are vital for car-
bon sequestration, biodiversity support, and
ecological functions. A strong sustainability
approach, especially in biodiversity conser-
vation, recognises intrinsic ecosystem value,
which is crucial for preserving natural areas,
regulating water flow, mitigating floods, storing
carbon, stabilising soil, and maintaining clean
air. Often underestimated, reversing soil degra-
dation plays a key part in ensuring global food
security, protecting biodiversity, and addressing
climate challenges?.

EU-27 emissions of the LULUCF
sector in 2021 and 2050 as per the

RtoNZ scenario (in million tons per

200 year)
0
-200
=400
-600
EU-27 2021 EU-27 2050
® 4.A - Forest Land ® 4.G-HWP

4.B - Cropland 4 H - Other LULUCF
4.C - Grassland
4.D - Wetlands
4 E - Settlements m— | NSTITUT
® 4.F - Other Land 1“r ROUSSEAU

European Environment Agency (EEA) 2021 & Study
results

Focusing on carbon neutrality, this sector’s role
is to absorb all residual emissions by 2050.

Taken together, the proposed measures will
ensure that 587 MtCO,-eq are captured per year
by 2050. This is a conservative estimate, with a
slight margin of around 13% between the neu-
trality target and the projected storage capacity
to 20503
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Share of surface of different carbon sink types in 2050 (left) and investment needed in

each of them (right)

Surfaces needed investment in %

1,3%
3,5% — _\

2,7% /o

@ Forest (not revitalised)
® Revitalised forest
© New forest

Hedgerows [
Interparcels trees @

A requirement of €13 billion annually, predomi-
nantly sourced from public funding.

Adopting a strong sustainability nature-
based approach, the total LULUCF associated
costs represent €362 billion until 2050 or €13.4
billion per year on average (0.9% of cross-sec-

Total investment in %

0,8% —
3,8% —f

SRy

Preserved wetlands + peatlands

Restored wetlands + peatlands INSTITUT

ROUSSEAU

T

tor total). The extra public cost is €180 billion
until 2050 or €6.7 billion per year (2.7% of the
cross-sector total). A share of these investment
efforts must be carried out urgently to minimise
emissions produced before 2050 and enable the
newly-adapted forests to grow despite multi-
plying disruptions.

1,5

—_

05

il

® Extra cost of
transition

@ Total cost of BaU

France Germany Italy Spain

“Sweden’s BaU costs do not include most recent investments. Extra cost are therefore overestimated here.

Netherlands

Poland Sweden”

INSTITUT
ROUSSEAU

T
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0 Emissions of the sector

The current net sink capacity in the EU not only
falls short of covering the residual emissions
projected for 2050 but is expected to decline.

The EU's current net sink capacity®, at 230
MtCO,-eq in 2021, represents less than half of
the projected 2050 residual emissions of 519
MtCO,-eq from other sectors, as shown on Figure
9.4. With existing measures, this capacity is
expected to decline steadily due to climate
change®, posing a considerable risk and requi-
ring immediate action.

LULUCF past UE-27 negative emissions and progress towards achieving 2030 and 2050
targets, in million tons of CO, equivalent (MtCO,e).°

-100
-200 X _ 7

-300

.
-400
-500 @)
Model safety buffer I
~600 ®
—-700

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

— Total net emissions x Projection WEM O RtoNZ residual emissions

e INSTITUT
m EU 2020 target < Fit-for-55 2030 target @ RtoNZ net zero target 1“r ROUSSEAU

WEM: With Existing Measures.
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Carbon sinks vary greatly from one country to another and must be considered within a European
context. Current net-emitting ecosystems must be converted into net sinks.

60

40

20

® 4.A - Forest Land

® 4.B - Cropland

® 4.C - Grassland
4.D - Wetlands
4.E - Settlements

® 4.F - Other Land

-20

-40

-60

France

Germany Italy

European Environment Agency (EEA) 2021

The 7 core countries exemplify how settle-
ments, wetlands, grasslands, and croplands cur-
rently contribute as net emitters (mostly due to
methane and nitrogen emissions), especially in

s B ©® 4.G-HWP
4 .H - Other LULUCF
oy INSTITUT
Netherlands  Poland Spain Sweden 1“r ROUSSEAU

Germany. To reverse these trends, forest mana-
gement is needed to increase the overall sink
capacity. However, achieving this requires trans-
forming net emitter categories into negatives.

9 How to increase carbon capture potential and
how much investment does it require?

To achieve carbon neutrality by 2050, the proposed EU-27 strategy focuses on four pillars.

1. Forests: prioritising sustainable forest mana-
gement, revitalising ecosystems, expanding
forest areas, and boosting the wood industry
for resilient and efficient carbon capture.

2. Agroecology: transforming grasslands into
carbon sinks, implementing agroforestry,
and planting hedgerows to enhance carbon
sequestration.

3. Wetlands and Peatlands: targeting zero net
loss of wetlands, preserving pristine peat-
lands, and restoring degraded peatlands.

4. Land Artificialisation: aiming for zero net arti-
ficialisation to preserve natural landscapes
and biodiversity.

While the strategy emphasises strong sustai-
nability, it does not delve into non-carbon
benefits listed in the introduction. Notably, the
wood substitution effect integrated within the
construction and energy sectors plays a crucial
role in decarbonisation, warranting attention
across sectors. Additionally, substantial R&D
efforts are recommended to deepen understan-
ding of carbon flows, innovations in the logging
industry, and species adaptation potential.
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Figure 9.6 illustrates how the carbon sink capa-
city gap between 2021 and 2050 is bridged to
reach net neutrality. Although all levers have a
significant role to play, most of the additional
sink capacity will be generated from enhanced
forest management as well as turning grass-
land and wetlands from emitters to sinks. The
following section breaks down this 4-pillar
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strategy into a series of public policies that
need to be implemented to restore the full
sequestration capacity of European ecosystems,
and estimates their costs on public finances.
The implementation of these public policies will
have to consider the specific characteristics of
each ecosystem and the socio-political contexts
in which they are scaled up.

@ZXD Enhance carbon sequestration in forests

Forest ecosystems, central to LULUCF emissions,
require meticulous management, achieving a
balance between on-site carbon storage and
wood exportation for GHG gains through fossil
fuel substitution.

Sustainable forestry involves managing eco-
systems with a focus on continuous cover’, cli-
mate-resilient species?, enhanced diversity?®, and
optimised practices for carbon sequestration.

Detailed descriptions and designed measures
are provided to estimate GHG gains and quan-
tify the required financial effort. These include
improving forest management, revitalising
degraded ecosystems, optimising the wood
industry, and increasing forest area.

AN
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Improve forest management

Climate change challenges impose a fundamen-
tal shift in forest management, based on local
customisation and strategic long-term planning.

In recent decades, European forests have
shown positive trends in size, growth, health,
and protected areas™. However, increasingly
frequent droughts, fires, diseases, and invasions
call for a fundamental shift in forest manage-
ment™ ™, In 2020, 22-30% of forests adopted
Continuous Cover Forestry (CCF) approaches®,
highlighting the gap that needed addressing.
Successful CCF implementation requires tai-

") Forestry workers

Targeted training programs must be implemented
to increase the number of skilled forestry workers.

It is expected that the workforce will shift
from carbon-intensive sectors to sustainable
occupations (‘green jobs’) in the near future.
However, several European nations suffer from
a shortage of forestry workers per hectare. Thus,
itis crucial to implement targeted training pro-
grams to increase the number of skilled forestry
workers™, aiming for a more optimal ratio of
forest workers per hectare™.

Quality climate training is essential to tackle
Europe's forest challenges. A higher number of
skilled forest workers can accelerate forest tran-
sitions, curb deforestation, boost biodiversity,
enhance soil quality, and improve carbon capture™

272 Nurseries

As illustrated by the current seedling supply
shortage, tree nurseries can be potential bott-
lenecks for sustainable forestry development.

The nursery strategy must focus on adapting
to species-specific demand, scaling up to meet
increased demand, and fostering public-private
collaboration for a sustained supply.

lored field practices for each parcel. Long-term,
planned forest management is vital to harmo-
nise wood demand and ensure tree species
diversity and ecosystem maturity. A one-size-
fits-all intervention model cannot capture the
reality of local ecosystems and sub-national
settings.

The subsequent sections outline on-the-ground
measures and investment strategies that must
be balanced at subnational scales. They involve
training forestry workers, reinforcing tree nur-
series, and adjusting harvest logistics.

. This not only benefits the environment but also
generates jobs, especially in rural areas™, suppor-
ting a just transition away from fossil fuels. Ensu-
ring excellent training is vital for the prosperity of
forest ecosystems and for the safety and protection
of forest workers in this transformative process.

Measure 9.1

Finance the training of forestry workers

Public cost
€0.71 billion per year
Public extra-cost
€0.50 billion per year

Measure 9.2

Support the expansion of public and
private tree nurseries®

Public cost
€0.016 billion per year
Public extra-cost
€0.012 billion per year
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3l =1 Access and thinning

As clear-cutting decreases in favour of 'selec-
tive' felling, adjustments in harvest logistics
are essential.

Improved accessibility is critical, addressing
insufficiently granular forest road grids, parti-
cularly in countries like Poland, and to a lesser
extent, France, Italy, and Spain. Additionally,
upgrading the forestry machine fleet to lighter
and more agile models is also necessary?.

Thanks to the new management practices
and the recommended investments, forests
are expected to increase their annual carbon
sequestration potential. The selective logging
approach requires additional manpower and
resources but increases carbon storage - des-
pite maintaining harvests levels. As displayed
on Figure 9.7, two country segments emerge:
industrial forestry nations like France and
Sweden will drastically enhance their capture
potential while other nations with lower pro-
ductivity will remain at stable levels.

2021

Estimated 2050

Measure 9.3

Enhance and adapt forest track
networks to new operation models
for improved forest access

Public cost
€0.35 billion per year
Public extra-cost
€0.25 billion per year

Measure 9.4

Subsidise the renewal of machine
fleets for selective logging, offering
up to 50% support. This subsidy is tar-
geted at countries with a low ratio of
wood output to forestry workers

Public cost
€0.020 billion per year
Public extra-cost
€0.014 billion per year

‘ ® France
® Germany
o Italy
Spain
® Poland

® Sweden

® Netherlands

Rest of EU 27

-500 —-400 -300

-200

-100 0

European Environment Agency (EEA) 2021 & Study results

In order to develop this potential, the first step is to restore European forests to their best condi-
tion. Hence, restoring degraded ecosystems is the key prerequisite.
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Revitalise degraded ecosystems

Degraded forest ecosystems must be restored.
Clear-cutting must be strongly regulated.

Revitalising ecosystems is crucial due to decli-
ning storage potential, driven in part by higher
rates of tree mortality. Forest restoration holds
significant carbon capture potential*’, empha-
sising the need for regulated clear-cutting and
deforestation prevention to improve existing
ecosystems. This revitalisation will enhance
resilience to climate change, improve health,
and ensure long-term carbon capture impact®.
Recommended subsidies to regenerate ecosys-
tems focus on tree growing, as opposed to tree
planting: sapling protection, soil management,
prioritising native species when possible, etc.

Measure 9.5

Subsidise public forest revitalisation
and implement a tax-subsidies mecha-
nism to encourage private ecosystem

restoration

Public cost
€4.87 billion per year
Public extra-cost
€412 billion per year

Support wood industry adaptation

The wood industry must adapt to a changing
climate while addressing rising demand.

Challenges facing the wood industry include
the need to manage climate-related risks to
forest stocks, implement resilient practices,
boost production capacity, and optimise on-site
waste recycling. Policy proposals focus on
three key areas: fostering R&D (cf. Cross-Sec-
tor Investments, Measure 10.2.), investing in the
logging industry, and adapting the industry to
climate-resilient practices.

R&D plays a pivotal role in developing and
implementing innovative technologies and
practices for a more sustainable logging indus-
try. Investment in R&D can explore and promote
new methods for efficient timber production,
creating long-lasting wood products?, reducing
waste, using biomass locally, improving forest
management, and optimising supply chains.

Increasing private investments in logging is cru-
cial to responsibly meet the growing demand
for wood products, support a circular economy,
and use waste efficiently.

Strategic private investments should be adap-
ted to the local context and should focus on

managing rising tree mortality, enhancing local
log storage and processing capacity, using waste
efficiently?, and reducing the consumption of
energy wood and the reliance on exports®.

Subsidising the logging industry is also crucial
to promote sustainable practices, incorporating
modern monitoring processes for enhanced
transparency and quality sawmills. This mea-
sure aims to integrate technologies like remote
sensing to improve forestry practices and align
with climate and biodiversity policies.

Measure 9.6

Foster private investment through state
guaranteed loans to face increasing
demand? and subsidise the adaptation
of the logging industry to sustainable

practices

Public cost
€1.29 billion per year
Public extra-cost
€0.56 billion per year
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Despite a recent slowing down, forestland
continues to expand in most EU countries, with
potential for further growth in some regions.

Young forests, in particular, exhibit higher
annual carbon sequestration capacity?, jus-
tifying an expansion target of 3.3% across 27
countries. The emphasis must be on expanding
existing plots to enhance canopy continuity
rather than initiating new afforestation projects.

Existing financial support schemes are not
suited for long term practices implementation.
Much like in Ireland?’, Germany or Switzerland,
payments over 10-15 years are recommended to
compensate for practices based on objectives
rather than on operations.

Measure 9.7

Include sustainably managed forest
expansion initiatives and CCF practices
within existing environmental labels

(like PEFC, FSC, EU EcoLabel, Nordic
Ecolabel, Sustainable Forestry Initia-
tive, Blue Angel...)

Private cost
€0.39 billion per year

m Leverage the agro-ecology potential

Turn grasslands back to net sinks

Recent studies reveal that grasslands, akin to
cultivated areas, are transitioning into CO,-emit-
ting zones due to intensive management prac-
tices®. However, adopting alternative mana-
gement approaches, especially those aligned

Plant hedgerows and field trees

Within the agroecology system described in
the Agriculture section, cultivating hedgerows
(12% of total UAA) and planting trees in agricul-
tural parcels (8% of total UAA) enhances carbon
sequestration potential and offers additional
benefits: increased biodiversity, reduced soil
erosion, enhanced land productivity, and less
need for fertiliser.

A public subsidy covering 25% of the plan-
ting costs is proposed to support agroecology
infrastructure development (i.e.planting trees
and hedgerows).

with agroecology, can reverse this trend, turning
grasslands into carbon sinks once again (cf. Agri-
culture section). According to the TYFA Model,
the estimated carbon sequestration potential
for grasslands is 0.5 tCO,-eq/ha/year*".

Measure 9.8

Support the plantation of Hedgerows
& Trees in Open Fields

Public cost
€0.13 billion per year
Public extra-cost
€0.13 billion per year
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@XED Protect and restore wetlands and peatlands

Wetland ecosystems, though ecologically cru-
cial, currently emit greenhouse gases due to
human-induced degradation.

Wetland ecosystems, especially peatlands,
provide benefits such as biodiversity preser-
vation, water regulation, flood/drought pre-
vention, and carbon storage. They store twice

@® France: 0.29 (49%)

® Germany: 1.84 (90%)
Italy: 0.04 (66%)

® Spain: 0.04 (43%)
@® Poland: 1.51 (84%)

Greifswald Moor Center, 2023

National wetland offices would develop mul-
ti-year strategies, execution plans, stakehol-
der oversight, and funding allocation. Aligning
with the EU Biodiversity Strategy, which targets
the protection of 30% of EU land and sea by
2030 with one third under strict protection®,
a 10% increase of this target in absolute terms
for peatlands is suggested. Each state should
acquire the corresponding peatlands area and
convert it into reserves, such as National Parks
or Natura 2000 areas, to strictly protect unused
peatlands. Rewetting operations might also be
necessary if less than 10% of undrained peat-
lands are available for acquisition.

©® Netherlands: 0.53 (85%)

as much carbon as all the world's standing
forests® but face severe degradation, emitting
an average of 26 tC0O,-eq/ha per year® *, Cur-
rently, 50% of EU peatlands are drained, prima-
rily for agriculture and peat extraction®. Green-
house gases emissions from drained peatlands
amounts to 220 million tCO,-eq per year®.

® Sweden: 6.80 (18%)

® Rest of EU-27: 13.95 (64%) ﬁ INSTITUT

ROUSSEAU

Measure 9.9

Acquire 10% of peatlands for strict
protection (National parks, Natura
2000, etc.)

Public cost
€0.76 billion per year
Public extra-cost
€0.76 billion per year
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Given agriculture's role in peatland deteriora-
tion, promoting peat-friendly practices, such
as paludiculture, is crucial.

Paludiculture, wet agriculture alternatives,
protects the carbon stored in the peat. To
encourage paludiculture development, up to
34%* of the investment needed for a typical
project will be subsidised. This measure would
provide farmers with compensation and carbon
credits*®, contributing to sustainable practices.

Measure 9.10

Subsidise paludiculture projects at a
level of €2,500 per hectare

Public cost
€0.23 billion per year
Public extra-cost
€0.23 billion per year

Peatland restoration involves rewetting pro-
jects*, vegetation management (planting and
maintaining peatland species), soil conserva-
tion (building peat dams to retain water and
prevent erosion), and water management
(managing the water table level closely to the
peatland surface to enable peat growth while
avoiding methane emissions).

Peatland restoration projects will gain economic
value in carbon credit markets, as these develop
and increase in price. The main benefit of these
projects is avoided emissions with avoidance
rates amounting to between 10 to 18 tCO,-eq/ha
per year“2, The accumulation of organic material
over time also leads to a net sequestration of

CO, at a Long Term Carbon Accumulation Rate
0.66 tCO,-eq/ha per year*. To incentivise pri-
vate stakeholders, a State subsidy of up to one
third of the average cost per hectare for peat-
land restoration projects“ is recommended,
without limitations on the total area.

Measure 9.11

Subsidise peatland restoration pro-
jects at a level of €400 per hectare
+10% of carbon credits (if applicable)

Public cost
€0.20 billion per year
Public extra-cost
€0.11 billion per year

In addition to addressing GHG emissions, public
authorities must take decisive action to safe-
guard ecosystems from various ecological dis-
turbances and threats.

As discussed, wetlands (including peatlands)
are highly vulnerable and present a potent war-
ming potential. Despite the modest surface
coverage of wetlands and peatlands, signifi-
cant investments are required to avoid emis-
sions. Authorities must also combat general
ecosystem disruptions and threats, encompas-
sing activities like removing invasive species,
cleaning and depolluting rivers and swamps,
recreating retention space for water capture
through reactivating natural river floodplains
and planting reedbeds, thus rising the overall
landscape water level. These measures haven't
been quantified in terms of investment, as their
focus extends beyond carbon storage.

Reach Net Zero Artificialisation

Soil plays a crucial role in environmental
health and carbon storage“s. However, over
70 000 Ha (about the Berlin Metropolitan area
- 90 000 Ha) of natural soil is lost annually
in the EU due to artificialisation®®, posing a

threat to arable land and natural areas. Achie-
ving no net artificialisation faces challenges
tied to conflicting interests in environmental
preservation, car-centric spatial planning, and
economic considerations. Comprehensive poli-
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cies are needed, covering housing, transport,
and agriculture.

Quantifying the carbon removal potential of a
reduction in artificialisation is challenging, limi-
ting studies to qualitative assessments. The
required investments are estimated in the range
of dozens of billions*” . The true cost of compen-
sation should prevent most projects and priori-
tise renovation over new construction projects.

Key measures include increasing the occupation
rate of existing buildings, supporting renovation

Notes

EEA, 2020, Climate and energy in the EU.
FAO, 2022, Healthy soils for healthy people and planet.

of vacant dwellings (to limit construction wit-
hout negative impacts on housing prices), prio-
ritising land recycling (especially in brownfield
areas), implementing compensation mecha-
nisms, and, when necessary, densifying urban
areas and remixing activities (residential, com-
mercial, professional) at the neighbourhood
level. Transport projects, including new parking
spaces and roads, require rigorous evaluation.
Crucially, EU directives overseeing artificialisa-
tion should shift from non-binding to binding
regulations with specific milestones and penal-
ties for enforcement.

This margin can be considered as a buffer cushion to anticipate deleterious events or late adoption of recommended measures.
Taking a conservative approach is of first importance here: given the threat on ecosystems, permanence of sequestration is at risk.

EEA, 18 April 2023, EEA greenhouse gases, European Environment Agency (data viewer tool).
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Pilli & al., 2022, ‘The European forest carbon budget under future climate conditions and current management practices’ estimate
future emissions considering measures already implemented by the EU and its Member States.
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practices are phased out except for rare cases. IPCC AR6 WGII - Page 769.

Global warming drives climate shift faster than species can adapt or migrate. About 94% of the European forested area is expected
to experience species range shifts. Anticipating local climate evolutions to best assist future ecosystems is a major challenge to
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From about 500 000 workers in 2020 to about 900 000 workers in 2030.

This ratio (5.85 workers/1000 Ha) is determined as the average of European countries with a temperate forest (biotope with
the most workers per hectare in Europe).

Cf Rudel, T. K., Meyfroidt, P., Chazdon, R., Bongers, F,, Sloan, S., Grau, H. R., ... Schneider, L. (2020). Whither the forest transition?
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ment and Resources, 36(1), 343-371.

Cf Leveraging forests for a just transition | by Carbon180.

0.5 €/ha/year across EU-27: Average from UK, US and France existing schemes.

Heavy machinery, while operating, releases long-sequestered CO,-eq from the soil due to soil ploughing. Upgrading to more
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Decarbonisation levers to mobilise:

1. Enhance Research & Development

in transition solutions

2. Foster public awareness of

environmental issues

Train, Educate,
Innovate

Complementary cross-sector
measures

3. Boost the Fair Transition Fund to
support professional transition

Business-as-usual
(BaU) Trend scenario

0,17%
0,17%

Required extra

Global investment needs

investment

Redirection of
current investment
towards transition

UE-27 global investment and extra-investment

‘Road to Net Zero’
Transition scenario

12,4 bn€/year

28
bn€/year

15,6 bn€/year

Total investment

0,17%

0,16%
0,14%

0,23%

0,15%

Global investment and extra-investment per lever, per country (in % of GDP):

Total extra-investment
0,08%

0,13%

!

== INSTITUT
T ROUSSEAU

Business-as-usual
‘grey’ investment

® Decarbonised
investment

Extra-investment

Fair Transition
Fund

® Public
awareness

® R&D
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Public investment needs

Total public investment in Public share in total Public extra-investment
proposed public policies investment in % GDP
0 0,10
28 bn€/year 100 /0 ) /0

1,7
a Total extra public investment in proposed public policies: 12,4 bn€/year
1 2 4 ® Enhance Research & Development in transition solutions
bn{/y'ear ® Foster public awareness of environmental issues

Boost the Fair Transition Fund to support professional transition

Complementary + Expand government workforce to monitor the transition

measures: + Adapt the content of initial and ongoing training to deeply integrate ecological issues
+ Train independent workers in transition sectors (e.g., agriculture, renovation)
+ Regulate and prioritise digital uses, promote low-emission digital technology

Sector's weight in necessary investments (in % of all sectors)

TOTAL INVESTMENT (Public + Private) PUBLIC INVESTMENT

TOTAL EXTRA TOTAL EXTRA

1,8% 3,5% 5,4% 4,9%

Key takeaways

« The decarbonisation of all previous sectors requires an increase and reorientation of current R&D
spending to meet EU commitments. Public support should focus on transition-related topics.

- Transition policies will result in a net job increase of
hundreds of thousands of positions in the EU-27.
Significant support is required to assist workers
in developing the necessary skills. I

« Public intervention is crucial to ensure the effec- /O\ -
tiveness and equity of the labour market's shift
toward a carbon-neutral economy. In particular,
the Fair Transition Fund budget must increase to
retrain workers affected by the transition.

* European citizens do not feel sufficiently
informed about the low-carbon transition,
which public policies should tackle with media
campaigns and widespread workshops for the
population.
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Some key cross-cutting measures are neces- Annual public investment and
sary to enhance the impact of various sec- extra-investment required per
tor-specific levers, including: cross-sector measure (in €billion
per year)
« Enhancing Research and Development (R&D) 25
across energy and ecological transition
domains to boost efficiency, sustainability,
and cost-effectiveness of supported alterna- 2
tives.
- Conducting practical awareness campaigns
targeting all citizens to inform them about 15
available solutions to environmental issues.

- Providing training for professionals in new
practices and technologies and retraining
employees in sectors facing significant decline
before retirement.

- Complementing and training the workforce

dedicated to overseeing proper fund use,
mitigating fraud, and combatting widespread [
greenwashing strategies.

Boosting Public Fair Transition
R&D awareness Fund

® Extra cost of

transition — | \STITUT
@ Total cost of BaU 1“r ROUSSEAU

The main interactions with other sectors are:

« R&D Boost: critical for addressing energy storage challenges (cf. Energy and Transport sections),
promoting widespread adoption of agroecology systems (cf. Agriculture section) and promoting
innovation in the wood industry (cf. Carbon sinks section). Sharing research outcomes with pro-
fessionals and their advisors is crucial.

« Supporting reconversion training will concern the Buildings and Agriculture sectors in particular,
as deep renovations and agroecological systems require much more labour and a highly-skilled
workforce. These two sectors will also represent a significant part of the additional public per-
sonnel needed to manage and control practices and investments.

- Citizen awareness/training actions will also concern all sectors, with a focus on the investments

that concern them more directly (e.g. efficient housing renovation, adoption of light electric
vehicles, etc.).
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0 Enhance Research & Deuvelopment in transition

solutions

Transition-related public R&D efforts must at
least align to EU commitments.

To achieve 2050 carbon neutrality, enhancing
fundamental and applied knowledge is crucial
for more efficient, sustainable, and cost-effec-
tive ecological alternatives in various sectors.
R&D should intensify, specifically in low-car-
bon energies, cross-sector energy efficiency,
electricity storage, agroecological systems, and
carbon sinks.

Quantifying the direct link between R&D spen-
ding and knowledge improvement is challen-
ging both on a global and national scale, making
a fully objective ‘research’ transition scenario
unlikely. R&D efforts should at least align with
key EU commitments, which include:

« IEA Innovation Mission: doubling public spen-
ding on ‘clean energy’ research’, since spen-
ding stagnated between 2015 and 2019-2021
relative to GDP.

« EU Organic Action Plan% pledging 30% of EU
agricultural R&D funds to organic agricultural
practices, aiming to support the 25% organic
objective and address the purported ‘lack of
alternatives’ to intensive agriculture's reliance
on fossil fertilisers and chemicals.

* General EU R&D Objective: reaching 3% of GDP
dedicated to R&D?, compared to the current
cap of around 2.3% of GDP in public and pri-
vate R&D spending by 2021. A goal that remains
unfulfilled in numerous countries, as illus-
trated in Figure 10.2.

Total national R&D budgets compared to the EU objective, and % of public R&D
dedicated to energy efficiency and agriculture (both in % of 2021 GDP)*

3,5% 3,20%

3% -————————
25% 2,20%
2%

1.5%

UE objective 3%

3,30%

o 1,50% 1,40% 1,50%
0,5% o
0,12% 0,07% 0,06% 0,05% 0,03% 0,06% 0,09%
0% ® —@ { o— oL —8 ()
France Germany Italy Spain Poland Netherlands Sweden
sy INSTITUT
TotalR&D ~ —— Green Public R&D m R(%SSUEAU
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Doubling current spending on clean energy
R&D solutions.

Business-as-Usual (BaU) from the UE States
for low-carbon energy, energy efficiency (in
different sectors) and electricity storage is
around €6 billion in 2019-2021, or 0.04% of 2021
EU GDP®. As R&D spending has increased signi-
ficantly in 2021 or 2022 due to recovery plans
(particularly in France and Spain), a 2019-2021
average was used to limit the biases linked to
multi-year commitments. These public expen-
ditures vary greatly: they range from 0.02% of
GDP (Poland and Spain) to 0.07% (France and
Finland), including 0.03 to 0.04% for many EU
countries (including Italy, the Netherlands and
Germany).

In addition to these national public expendi-
tures, around €2 billion per year of EU funding
has been allocated in 2019-2021, including the
EU ‘Horizon’ amounts for energy and mobility?,
which should increase from around €1 to €2
billion per year by 2027. This is supplemented by
€1 billion per year for Nuclear, through Euratom
and ITER programs. These public expenditures
include subsidies of private and public/private
research programs, except tax support for pri-
vate R&D (see below).

To boost R&D on clean energy solutions and
align with key EU commitments, R&D spending
should double compared to current spending.
This investment corresponds to approximately
0.1% of GDP, equating to €16 billion annually

(in € 2021) for public expenditures. As the
public business-as-usual expenditure stands
at approximately €8 billion per year (in 2019-
2021), the average extra public cost between
2024 and 2050 should reach €8 billion annually.

Measure 10.1

Boost R&D on clean energy and effi-
ciency

Public cost
€16 billion per year
Public extra-cost
€8 billion per year

Reorient and increase current spending toward
agroecology and agroforestry R&D.

Current annual public expenditure on agricul-
tural R&D stands at approximately €5 billion?,
encompassing marginal investments in forests
and agro-ecological system R&D?, As also stated
in the Agriculture section of this report, it is
imperative to gradually redirect public support
for agricultural R&D towards agro-ecological
systems and carbon sinks. This includes dee-
pening our understanding of carbon flows and
species adaptation potential and developing
new logging techniques. To achieve this, an
additional €1.5 billion per year (in € 2022) is
proposed, contributing to the overall targeted
increase of R&D expenditure to 3% of GDP and
thus to a +30% rise from the EU average of 2.3%
in 2021.

Considering that the current public expen-
ditures for agriculture and forest R&D amount
to €5 billion per year, the anticipated extra
public cost between 2022 and 2050 is set to
reach €1.5 billion annually. The reorientation of
business-as-usual R&D towards agroecological
systems is also expected to increase public R&D
on agroecology and carbon sinks by more than
€6 billion per year.
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Measure 10.2

Boost R&D on agro-ecology systems
and carbon sinks

Public cost
€6.5 billion per year
Public extra-cost
€1.5 billion per year

country (in €billion per year)

France's relatively low additional cost is due to
the current significant public support of energy
R&D, predominantly in the nuclear sector. This
stands in contrast to Spain and Italy, where
the business-as-usual support of energy and
agriculture is more limited. Germany and the
Netherlands align more closely with the EU
average in terms of energy and agriculture R&D.
The cost estimates for each country do not
incorporate their share of EU public support
(predominantly through programs like Horizon):

Annual public investment and extra-investment required in transition-related R&D, per

5 ® Extra cost of
transition

4 @ Total cost of BaU
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Public support for private R&D should be
contingent upon alignment with transition-re-
lated topics.

The IEA omits consideration of public tax
incentives for private R&D, which is mainly
relevant for France® (0.3% of GDP, yet without
specifying the portion allocated to clean energy
and efficiency), while the EU average for these
incentives is below 0.1%". Public support for
private R&D should be conditional on a commit-
ment by companies to devote it to clean energy
and energy efficiency programmes. Currently,
findings from the Clean Energy Transitions Pro-

gram studies underline that private energy R&D
spending heavily favours fossil fuels at 80%",
while, according to the IEA, the portion of public
energy R&D spending allocated to fossils is
below 5%.
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Box 10.1

Reducing the GHG emissions of the digital sector

The digital sector's GHG emissions, growing
at 6% annually, already constitute 3.5% of
global emissions, a figure set to double
by 2025, which directly opposes ecologi-
cal transition and carbon neutrality goals.
Data centres and IT infrastructure, notably
developing Al models like Chat-GPT, have
a significant carbon footprint, mostly due
to the intensive consumption of energy
from non-renewable sources. Manufactu-
ring, responsible for approximately 80%
of a smartphone's carbon footprint, invol-
ves stages with notable environmental
impacts, including raw material extraction,
production, and disposal™.

Measures such as data centre optimisation
or enhanced terminal recycling can curb
new device production. Public awareness
is crucial, especially regarding the frequent
market turnover. Among few studies on IT's
climate impact mitigation, the Shift Project
proposes general strategies: building new
digital governance, innovative economic
models and digital management tools™.
Present public funding for the sector is
minimal, as there are no specific budgets
for green IT in both European Commission
initiatives and EU countries.

g Foster public awareness of environmental
challenges and solutions

European citizens do not feel sufficiently infor-
med.

Public awareness campaigns are essential to
better understand the ecological transition but
are currently perceived as inadequate by the
majority of citizens, despite some noticeable
efforts (e.g. University of Liege's campaign on
the IPCC Report™). A 2020 IFOP study in France
(15-35 age group) found that only 55% of res-
pondents felt sufficiently informed, with just
10% who considered that they were very well
informed™. Drawing from successful smoking
awareness campaigns, public authorities
could endorse general public campaigns. The
‘Tobacco Control Scale 2021 in Europe, which
recommended allocating €2 per person per
year, can be used to help calculate the cost of
similar environmental campaigns™. Also, one-
day workshops led by non-profit organisations

could provide basic climate information and
address behavioural changes directly, to further
counteract climate-sceptic notions.

The total cost of this measure amounts €33.1 bil-

lion until 2050 or €1.2 billion per year, conside-
red as public extra-cost.

Measure 10.3

Media campaigns and citizen engage-
ment workshops

Public cost
€1.2 billion per year
Public extra-cost
€1.2 billion per year
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e Boost the Fair Transition Fund to support
professional transitions

Retrain workers in carbon-intensive sectors to
match the staffing needs of newly-created jobs.

The climate change transition will cause pro-
found changes in the workforce, with an increase
in jobs in some sectors, such as building renova-
tion and agriculture, and a loss of jobs in others,
such as the oil and gas sector. Some recent stu-
dies suggested that 187 million jobs would be
lost by 2050, but that 202 million new jobs would
be created”. In France, the Shift Project estimates
that 800,000 jobs will be created, while 1.1 million
will be lost™. The people who will lose their jobs
will have to be trained to find a new orientation
in a different sector.

Addressing the primary challenge of financing
professional reorientation requires public
intervention. Based on McKinsey assumptions
extrapolated to the EU population, an estimated
11 millions jobs will be lost, yet compensated by
job creation resulting in a net gain of 900,000
new jobs. Considering the retirement rate and
average retraining costs of €16k™ per individual
and averaging results from extrapolating the
Shift Project and McKinsey, the projected total
training-related costs should reach €112.3 bil-
lion by 2050, or a €4.2 billion yearly investment.
The Just Transition Fund, already operational

in the EU, commits €17.5 billion for the period
2021-2027%°, with Poland (20%), Germany (13%),
and Romania (11%) emerging as the primary
beneficiaries. Consequently, the total additio-
nal costs amount is equivalent to €1.7 billion
annually.

Measure 10.4

Increase the Fair Transition Fund bud-
get by 70% to retrain workers impacted
by the transition

Public cost
€4.2 billion per year
Public extra-cost
€1.7 billion per year

Workers in transitioning sectors, particularly
agriculture and construction, require retraining
to acquire new skills. Quantifying these costs
is challenging due to limited data on current
training expenditures across sectors and coun-
tries?.
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New civil servant positions should be opened
to implement and oversee transition policies

To ensure effective implementation of newly
introduced measures and counteract greenwas-
hing strategies, additional positions should be
created in Member States' administrations.
However, quantifying this measure proves
challenging due to limited access to data on
staffing levels and needs, which vary significantly
between countries. France has already initiated
an increase in staff for the Ministry of Ecological
Transition, announcing the recruitment of 700
new civil servants in its 2024 budget, in addition
to the existing 40,800. In contrast, some coun-
tries, like Sweden, rely on a minimal number of

civil servants to define major strategies, outsour-
cing implementation to private companies, with
a total of 2,500 public employees in the Ministry
of the Environment and environmental agencies.

In conclusion, public intervention is essential
to guarantee the efficiency and fairness of the
labour market's shift towards a carbon-neutral
economy. The challenges in quantifying training
costs and staffing needs across different sectors
and countries underscore the complexity of this
transition. Yet, proactive measures, like focused
retraining programs and increased staffing in
relevant governmental bodies, are crucial for
steering this shift successfully and building a
sustainable workforce for the future.

Notes

1. UE Commission, 2016 European Union joins Mission Innovation.

2. UE Commission, 2021 Organic Action Plan.
3. Horizon UE, 2021, UE Pact for research and innovation.

4. International Energy Agency, 2023, Energy Technology R&D Budgets Data Explorer; Eurostat, 2023, Government support to
agricultural research and development; INSEE, 2022, European Research Expenditures.

5. International Energy Agency, 2023, Energy Technology RD&D Budgets Data Explorer.
6. MESRI/Horizon, 2021, Présentation du cluster 5.

7. Eurostat, 2023, Government support to agricultural research and development and Horizon Europe Program, 2023, ‘Agriculture,
forestry and rural areas’. Eurostat data has been corrected for France, whose national publication indicates €900 million extra
per year. OECD/Eurostat and French ministry have been interviewed, they indicate slight differences in the scopes of these data
but do not explain theses significant differences between these two data, cf. French Minister for Research and Education.

8. Their respective shares within total agricultural R&D is not disclosed, but IFOAM estimated that agro ecological system R&D is
less than 2% with regard to 2014-2020 EU funds.

9. Furthermore, this tax aid has a limited knock-on effect according to evaluations of the research tax credit in France France
Stratégie, 2021, Evaluation du Crédit d'impét recherche - Rapport CNEPI and the more general OECD study OCDE, 2023, Incitations
fiscales a la R-D et a l'innovation.

10. OECD, 2023, Tax incentive for R&D and Innovation.

11. IAE, 2020, Energy technology R&D budget, p.12-13. In addition, an unspecified portion of private R&D spending in energy-related
sectors does not clearly concern energy, particularly in the automotive sector (e.g. product developments). The location of these global
companies R&D investments also remains uncertain, which also explains the difficulty of estimating the total cost of energy R&D in the EU.

12. FDM Group, 2023, The environmental impacts of digitalisation.

13. The Shift Project, 2021, Environmental impacts of Digital Technologies: 5-year trends and 5G governance.

14. La Voix du Nord, 2023, ‘Ce soir c'est rapport du GIEC': la surprenante campagne publicitaire lancée a Liege.

15. ACTED, 2020, Projet 1Planet4all : les jeunes et le changement climatique.

16. Smoke Free Partnership, 2021, The Tobacco Control Scale in Europe.

17. McKinsey, 2022, Building the net-zero workforce.

18. The Shift Project, 2021, Plan de transformation de ['économie francaise : axe emploi (note that this study includes job losses
in construction which are mainly linked to demographic change and not to the ecological transition).

19. Based on French average reconversion costs in the building insulation sector (wood or facades + roofs) and agroecology
farming training, see for instance Professional Training Association and this vocational diploma in farm management (1000-1200
hours of training excluding practical courses).

20. Toute ['Europe, 2023, Le Fond pour une Transition juste.

21. For instance, the benchmark cost for upgrading skills in energy renovation for construction employees and craftsmen in France
is approximately €5k, totaling less than €20 million annually over 27 years for a maximum of 90,000 individuals. The extent to
which these costs replace existing expenditures on energy efficiency or other unrelated training remains unclear.
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Conclusion




The total extra investment required to reach
net zero by 2050 is estimated at an average of
€360 billion per year, which represents around
2,3% of the current EU-27 GDP. The magnitude
of these investments may appear substantial,
yet they stand as an absolute necessity to fulfil
the climate targets set by both the European
Union and the Paris Agreement. Around 70% of
this extra-investment falls within the remit of
the public sector, which represents €250 bil-
lion per year. This is equivalent to doubling
average annual public investment, which is not
only necessary, but would also be manageable
under adequate budgetary rules. These costs
also carry the potential to yield substantial
economic and social benefits, augmenting the
undeniable environmental gains for climate,
biodiversity, and the overall health of our eco-
systems.

It is paramount to appreciate time as an increa-
singly scarce resource. Urgent and decisive
actions are imperative if we are to stand a
chance at realising our set objectives and pre-
serving habitable conditions on Earth. Delays
in these crucial steps only serve to jeopardise
the future of our planet, a risk we cannot afford
to take. The challenges may be significant, but
the consequences of inaction are far greater.

In navigating this complex landscape, it is essen-
tial to emphasise that the path forward requires
to navigate complex landscapes long conside-
red as obscure. The direction is now clear and
financial commitments well understood. What

remains is the crucial need for courage and
political will. The obstacle is not a deficit in
knowledge or capability, but a lack of collective
determination and tangible commitments. This
reportis a call for European decision-makers to
implement the necessary policies.

In this pivotal moment, we find ourselves stan-
ding at the crossroads of possibility and peril.
The opportunity to secure a sustainable and
resilient future for generations to come lies
within our grasp, and now is the time to seize
it. Today’s collective actions will determine the
legacy we leave for the future: let us choose the
path of responsibility, courage, and commit-
ment to safeguarding the future of our shared
home.

Conclusion
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0 Integration of biodiversity and broader
nature-related considerations

The world has entered the Anthropocene,
marked by human activities threatening Ear-
th-system tipping points like the Amazon rainfo-
rest's savanisation and biodiversity’s sixth mass
extinction’. Biodiversity collapse poses a direct
threat to humanity, jeopardising ecosystemic
services and leading to a world of unpredictable
fluctuations. Neglecting this issue could result
in challenges not only for human prosperity but
also for sheer survival, ranging from pandemics
to agricultural yield reduction. Social justice
concerns arise from international outsourcing,
transferring biodiversity deterioration burdens
to resource-exporting nations.

While this report focuses on GHG reduction, efforts
to minimise economic pressures on biodiversity
are integrated. First, carbon neutrality directly
alleviates biodiversity pressures linked to climate
change. Moreover, in the net zero scenario, Agricul-
ture and LULUCF sectors, which are at the centre of
many pressure on biodiversity, undergo transfor-
mation through widespread adoption of agroeco-
logical practices, reduced use of nitrogen fertilisers
and pesticides, forest ecosystem revitalisation,
cultivation of hedgerows and trees in agricultural
areas, and wetlands and peatlands restoration - all
contributing to ecosystem pressure relief.

Developing nature-based solutions in the
LULUCF sector also offers co-benefits, inclu-
ding enhancing climate change adaptation (e.g.
reducing flood impacts) and increasing carbon
sequestration without harming biodiversity.
Conversely, preserved biodiversity contributes
to crop protection and soil fertility, thereby
reducing the reliance on chemicals. This under-
scores the interconnectedness of biodiversity
and climate preservation, and the need to pre-
serve both.

Beyond the crucial role of biodiversity in pro-
viding ecosystemic services, its collapse raises
ethical questions about our relationship with
the living world and its intrinsic value.

In terms of regulation, the European Parliament
passed a diluted ‘Nature Restoration Law’ in
July 2023, despite protests from the conser-
vative European People’s Party and farmers.
The law aims to expedite nature restoration,
aligning with the 2022 UN Kunming-Montreal
Protocol®. Biodiversity protection also recently
faced setbacks with the extension of the glypho-
sate herbicide®.

9 Compatibility of this scenario with critical
material resources constraints

Concerns about the shift from a fossil-in-
tensive to a mining-intensive economy in the
decarbonisation process have been raised due
to the metal demands of green technologies.
Recent research indicates that a renewables-
based economy would require less overall
mining than the current fossil-based one®.
However, there remains a risk of potential bott-
lenecks in the availability of critical materials.
To assess this risk, the critical raw material®
requirements of the Road to Net Zero transi-

tion scenario were compared with available
reserves and resources’. Reserves are economi-
cally viable deposits with current technologies,
while resources encompass all known deposits,
whether economically extractable or not.

Using material intensities from the LOCOMO-
TION® research project, potential constraints
were identified for four metals, as illustrated
in Figure A.
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A potential resource bottleneck is identified for the transition scenario of this report
regarding four key metals: nickel, lithium, copper and cobalt.
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Quantities in the upper part of Figure A1. repre-
sent the total requirements for key technolo-
gies' production in the Road to Net Zero transi-
tion scenario between 2023 and 2050 - not the
EU economy's overall needs. However, nickel,
lithium, copper, and cobalt requirements still
constitute a notable share of global reserves
and resources, as displayed in the middle seg-
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ment of Figure A.1. With the perspective of tran-
sition fairness, a similar share can be computed,
not taking the global reserves and resources
but instead the fraction of them which would
be allocated to the EU. This fraction can for
example be computed by multiplying the global
reserves and resources by the average ratio
of the EU population to the global population



throughout the transition period. The lower
segment of Figure A.l. displays the percentage
of these reserves and resources allocated to
the EU, which are used in the Road to Net Zero
scenario. Notably, these figures surpass 100%
for reserves of nickel and cobalt. To overcome
this mismatch, the International Council on
Clean Transportation put forward the following
policies for accelerating reuse and recycling
practices®:

« Incentivising domestic capacity for battery
reuse and recycling.

« Setting standards for battery durability, safety,
and information accessibility that optimise
reuse and recycling processes.

« Supporting research and development in
lithium-ion battery recycling technologies to
expand the range of materials that can be
recovered.

« Introducing mandatory recovery rates and
recycled content targets to ensure efficient
recycling of all key battery materials.

Adding to these policies the discovery of new
resources (the resource estimates of lithium
and nickel more than doubled during the last
decade™), the projections about technology
improvements (i.e. increased material efficiency)
and material substitution, several international
organisations claim that the supply-demand
gap will be closed™.

Figure A.2. scores the recyclability and substi-
tutability of several prominent critical minerals
and the geopolitical and socio-environmental
risks associated with their mining.
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The discussion above concerns only stocks of
extractable minerals. When looking at flows of
extractable minerals per year, the previously
cited organisations acknowledge that impor-
tant bottlenecks could arise by 2030%. In that
regard, it is recommended to:

« Diversify material sources to improve supply
resilience to trade wars and external shocks

- Develop intra-European projects for resource
extraction

« Reduce timescales to obtain permits and
achieve regulatory compliance for mining in
Europe™

« Implement strong regulation for supply chain
traceability of mining outside of the EU™, to
alleviate the negative impacts of the accele-
rated opening of new mines.

This major challenge of critical materials avai-
lability, especially regarding the 2030 horizon,
emphasises the crucial role of energy suffi-
ciency policies across all sectors to enable
a successful transition. Further research and
policy proposals need to be considered beyond
what is proposed in this report to tame such
tensions, with the ambition to achieve (and not
just assert) global environmental justice.

e Geopolitical, environmental, and social risks
associated with mining in the transition

scenario

As countries around the world shift towards
a low-carbon economy and renewable energy
systems, there is a growing demand for critical
materials crucial for technological advance-
ments (IEA, 2021; IRENA, 20197). The heighte-
ned significance of these minerals has promp-
ted governments worldwide, including the US,

&P Geopolitical risks

The extraction of certain critical materials
is heavily concentrated in specific geographic
locations, raising concerns about the vulnera-
bility of global supply chains (IRP, 2020"; Teer &
Bertolini, 2023%°). Notably, the RAND Corporation
identifies 14 critical materials, with produc-
tion concentrated in countries characterised
by weak governance. In addition, China is the

@&XD cnvironmental risks

Mining activities have severe environmental
repercussions, leading to erosion, sinkholes,
loss of biodiversity, and contamination of soil,

Japan, China, and the EU™, to secure their sup-
ply of these resources, as evidenced by recent
reports on ‘critical minerals’. Nonetheless, criti-
cal materials have serious geopolitical, environ-
mental, and social risks associated with their
extraction.

leading producing nation for 30 of the 50 critical
minerals, including a dominant position in rare
earth elements, supplying about 70% of their
global production in 2022%'. The concentration
also applies to the processing stage, with South
Africa and Indonesia controlling significant por-
tions of Platinum and Nickel processing, respec-
tively (IEA, 2021; IRENA, 2023%).

groundwater, and surface water (Murakami et
al., 2020%; Sonter et al., 2018%, 2020%). Such
biodiversity loss namely consists in the des-
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truction of various ecosystems, causing habitat
loss for endangered species. Moreover, mining
and mineral processing operations release
greenhouse gases, which contribute to climate

&ED social risks

The socio-environmental impacts of mining
have triggered waves of resistance and conflicts
globally. Local communities, indigenous groups,
and environmental activists frequently engage
in legal actions, labour strikes, roadblocks, and
demonstrations to advocate for environmental
justice and equitable working conditions (Lunde
Seefeldt, 2022%). Examples include protests in
China against water pollution from lead mining,
resistance against copper mining in Tibet, and
ongoing protests by indigenous communities in
Latin America against lithium mining (Environ-
mental Justice Atlas, 20157, 20172, 2018%°, 20193°,
2021%"). A striking example is the recent closure
of the biggest mine of Panama after multiple
protests®,

Notes

change. The associated high water footprints
and alterations to land use further disrupt local
ecological systems.

Moreover, due to the existence of artisanal
mines and opaque mining structures, mineral
extraction can sometimes be linked to military
conflicts, human rights abuses, and the funding
of armed groups (Jamasmie, 2017%%; Church &
Crawford, 2018%4). The United Nations Environ-
ment Program® estimates that about half of
the internal conflicts since the 1950s have been
related in some way to natural resource exploi-
tation, often leading to supply disruptions.

Such geopolitical, environmental, and social
risks need to be always born in mind when desi-
gning transition scenarios. They can only push
for integrating as much sufficiency as possible
in policy making, as already advocated for in
the previous section.
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