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Overview

* Introduction to JRC and unit
 Application of prospective LCA in RecalibrateCE project

« Case study on cement
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Joint Research Centre (JRC)

» The Joint Research Centre (JRC) is the European Commission's science and knowledge service
which employs scientists to carry out research in order to provide independent scientific advice and
support to European Union (EU) policy.

* Around 30% of all EU legislation contains work from the JRC
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Joint Research Centre

« The JRC plays a key role at multiple stages of the EU policy cycle. It contributes to the overall
objective of Horizon Europe.

» We work closely with research and policy organizations in Member States, EU institutions and
agencies, and scientific partners in Europe and internationally, including the UN.

» Core strengths:
« Anticipation to provide the scientific underpinning for future policy initiatives.

» Integration means enhancing our ability to build links between the different scientific and policy areas inside the
Commission and beyond.

» Impact is about assisting policymakers to track and assess the impact of their policies.
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JRC facts & figures
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Top 10% Economic Institutions (Last 10 Years Publications), as of

March 2024

The rankings

ank Institution Score Authors t::
1 london st‘h‘uﬂl of Economics (LSE) 177 315 21039
2 \n|e"?ahnnalMonela.rv Fund (IMF) 344 421 389.02
3 Natvnmtuﬂumnu of El,nmmm Research (NBER) 409 466 8884
4 V.\.‘ar‘.ii Bank Group 439 531 45898
5 De?aﬂn\fnl of E‘(onarmn Harvard University 539 66 5623
6 [V(ur.nrlrmf? [?e}:zvlmel:l Massachusetts Institute of Technology (MIT) 709 60 5217
7 !.ulooean"(errl-ral Bank 714 244 212
8 Depanme‘-n(oii_conamwn.Umvmhlv of Calitornia-Berkeley 9.41 &0 4495
9 eranmn( ofE(onomw{s University of Chicago 96 7% 6834

10 ffderal Res‘er\'e Boa.!d :sn-arn of Governors of the Federal Reserve System) 108 206 2006
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About € 410 million annual budget, plus about € 85 million earned

BTIL]

5 % exploratory research
= 15 % underpinning research
80 % co-designed with policy DGs

((r(’Cilm

OOO About 2 800 staff, about 70 %
ﬁﬁ nn scientific/technical staff

| Per year about:

83 % of core research ot a 1100 Peer rev. scientific papers
OC) staff with PhDs = 1200 Science for policy and
technical reports

Bank of England

London, United Kingdom

30.69 182 16385

Joint Research Centre, European Commission

Sevilla, Spain

30.81 300 28792

Department of Economics, University College London (UCL)

3115 62 47.88
London, United Kingdom
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JRC B5 — CE & sustainable and fair industry

Seville

Circular Resource

Management

* LCA/LCC for circular
economy (CE)

* Design for circularity
* CE policy

Ca. 9 people

Are you our next visiting scientist or PhD student?
- Option of visiting from 3 months up to 1.5 years
- Collaborative Doctoral Partnership programme

Product Policy

Analysis

* Product labelling
» Eco-design
* Ecolabel

» Green public
procurement

Ca. 15 people

EU-BRITE (industrial
transformation &
emissions)

- BREF (BAT)

» Decarbonisation
Innovation platform
(INCITE)

* ‘Sevilla’ process

Ca. 20 people

Ca. 60 people

Applied
Environmental
Economics

* Economic & market
impact assessment

* Economic
complexity

Ca. 6 people

Green Expertise for

Investment

» Sustainable
investments

* Sustainable
transition plans

Ca. 5 people
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Prospective LCA — use in policy making

« ldentify policy measures that are robust in different scenarios - positive effect no matter
changing circumstances

« |dentify best and worst case scenarios to be more prepared for quick decision-making
(current example: Trump’s tariffs)

* Interest not necessarily on emerging technologies (though also modelled), but on effect
of policies implemented through technologies or economic/administrative instruments

» Tendency to use normative scenarios (net-zero) to identify suitable transition pathways

European
Commission




Requirements for inventories

* Flexible

* Transparent

« Compatible with different software
* Well-documented - inducing trust

* |deally based on EU level scenarios or global shared socio-economic
pathways scenarios
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Background

Why the CE is key to reach green transition goals

Green Deal

Climate neutrality by 2050

Economic growth decoupled
from resource use

No person and no place left
behind

Circular Economy

No specific climate goals, but
necessary to achieve the
Climate goals

CEAP2: ‘Double the amount o
material recycled into the
economy’

Can contribute via innovation
and new jobs, also at a local
level

RecalibrateCe . °

Challenges

Data and methodologies to
quantify CE effects not mature

Not clear which strategies are
most effective towards that goal

Not clear costs & savings of CE
& distributional effect
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Research purpose

Assessing the contribution of circularity to the green transition

Research questions Objective

What are the potentials of the CE that policies | Develop analytical tools to assess:
need to unlock to deliver effectively on the

Green Transition and competitiveness The impact of CE levers on material flows,
objectives? environment and socio-economic aspects

Case studies
» 4 carbon intensive sectors (cement, steel, aluminium, plastics) > 86% of GHGs of
EU industry & hard-to-abate

» Covering past, present and future CE policies in EU27

» Quantification of changes in material flows, environmental & socio-economic
impacts due to CE levers
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Research design

Future CE scenarios

We investigate four scenarios for four carbon-intensive material sectors:

1) Status Quo (2019-2022), i.e. current situation
2) Baseline (2050), i.e. continuation of historic CE trajectory (with decarbonisation of energy)
3) Compliance (2050), i.e. compliance with selected CE targets

4) Circularity (2050), i.e. attainment of higher circularity by implementing ‘circular economy
levers’

A circular economy lever is a specific intervention (based on one or more circular economy policies),

applied in the context of a specific material and sector, to decrease virgin material input (Reduce),
increase material durability (Reuse) and enhance material recirculation (Recover).
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Circular economy levers

REDUCE

Narrowing

resource loops Reducing use of concrete in

buildings

Minimizing the input of material,
thereby narrowing inputs flows in
production process.

Reducing packaging

REUSE

Slowing

resource loops Extend lifetime of cars

Reuse of concrete pre-cast

Extending the lifetime of products
and components, thereby slowing
down the flow of resources.

( > <= TIME

PRD;JUCT
Closing ’ ; } _
resources flows = Improve high quality recycling
Usi d terial t RECOVER . . .
substite virin et in new Sorting plastic from mixed
products, thereby closing resource (reS|dua|) WaSte
flows.
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Take-home messages (I)

Climate change mitigation (i.e. decrease in GHGs emission) relative to Baseline:

Compliance Circular Scenario
scenario
Cement & concrete - -37%
Aluminium -3% -14%
Steel -0.3% -49%
Plastic -12% -145%
[ | ‘Circularity’ is the
Reduce Reuse Recover combined effect of
Reduce, Reuse,
Cement & Concrete -8% -3% Recover
Aluminium -11% -6%
Steel -10% -22%
Plastic -9% -29%
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Take-home messages (ll)

Current CE policies (targets) are not enough to unlock the potentials of CE levers for decarbonisation and
resource savings.

Cement/concrete requires measures to unlock the potentials of Reuse & Reduce. For metals & plastic,
while Reuse/Reduce are clearly important, Recover still represents a ‘low hanging fruit’.

CE levers decrease dependency on primary fossil and non-renewable resources.
CE levers offer co-benefits in many other environmental categories (similarly to GHG mitigation).

The societal costs decrease, but this also comes with less ‘sectorial’ employment mainly because of
Reduce & Reuse levers.
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Prospective LCA
sk ronrOUBIRERATD

* Prospective LCA for the cement sector in 2050 Global Energy and Climate

: : Outlook 2023
° What part Of the Ilfe CyCIe InventOry ChangeS’P Investment Needs in a Decarbonised World

« Background energy system gets greener - used
JRC energy projections by the Global Energy and
Climate Outlook (GECO) 2023 (Keramidas et al., 2023)

* Modelled new cement production and novel
recycling technologies
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CE levers

* 6 reduction levers
e 2 reuse levers

* 3 recovery levers

Sector supply chain

and the circularity levers applied s 0-5% ot
titute raw
Cement & concrete * ateiae of ke with
co-processing waste for energy

CE LEVERS

@ Reduce
O Reuse
@ Recover

HIGH QUALITY
RECYCLED
AGGREGATES

&ASMACE SI.AG.
MATERMIS ISDI) GYII’SUH. LIMESTONE

@ suoziate 43% of @ supssnee 7-10%
dinker in cement through of cement with
CEMENT other SCMs, such as alternative cement
E calcined clay or fiy ash such as calcium sulfo
aluminate cement or
- carbonatable calcum
AGGREGATES CEMENTL I, 1INl silicate cement

PLASTER & MORTAR
CONCRETE CONCRETE building standards
@ custinze 5-109% o
Tooo concrete with wood in structural
oo, elements of buildings
oo
1] Reduce up o 5% of cement in
MAINTENANCE BUILDINGS INFRASTRUCTURE ready-mixed concrete by following
CONSTRUCTION CONSTRUCTION building standards more closely

NS
00
no
RENOVATION

© Extend lifeme of buildingsby 16% 0 Rewse 15-20% of
through renovation and reuse of precast concrete elements
structural concrete elements of buildings at other sites

SELECTIVE DEMOLITION

o
0% iy,
-— - —_ f“a?;—ﬂ :
ADVANCED DRY RECOVERY Kl .&
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Climate change mitigation

* CE levers double GHGs reduction
potential vs. decarbonisation only

* Reduce levers have highest impact
on GHGs reduction

* Recover levers apply to lower mass
flows - less impactful

Mt CO,-eq

160
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-20

-27%
to Status Quo

- 37% to BSL
- 55% to Status Quo

Status Quo BSL Circularity

- 3%
to BSL

Reduce Reuse Recover

B Feedstock substitution
Material substitution

B Processing
Transport of EolL

m Demolition

m Transport to construction
Concrete production (incl.
aggregates)

m Cement production (incl.
clinker)
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Main findings

» CE levers double GHGs reduction potential vs. decarbonisation only

- CE levers have untapped potential to be activated by policies

« Given the high rate of construction vs. rate of demolition, CE levers related to
reduction are most effective for GHG reduction

—> policy should aim at reducing use of cement

* |t is favourable to recycle concrete back to cement, instead of recycling it to
aggregates

—> policy should aim at supporting innovation of cement recycling
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Prospective LCA — sensitivity analysis 1

« Change in energy system .

v
o

- what happens, if e.g. don’t
achieve a net zero energy system
as assumed in our Baseline
scenario?

B
o

— -
- — - —
A

w
o

History

Ref.

»N
o

= == = NDC-only

Total GHG emissions, GtCO2e

« change in background system by -
replacing NDC-LTS with REF 15¢

=
o

0

1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 20902100

European
Commission




=1

Mt CO,-eq year

Sensitivity analysis on different energy mix

Climate Change - sensitivity analysis

b C
150 —+ 5
A 1 ACES0 3 N i & x—ap 4
A A A
A REDS50 A REU50 REC50
100 I
i A
50 ﬁ
0 —
| | 1 | | | 1 | | 1 | | [l | ] | |
I T I I T I T I I T T I T 1 U T I
o o O o o o o O O O o o o o o O 9
g ol 5 o m o W i n N A oo
o O w e TR R T (- E @ a2 o
G m < - i | O [ =0 = = = =
_ -

-~ LIHIEN]

Cement production
Concrete production
Transport to construction
Demolition

Transport to EoL
Processing

Material substitution
Feedstock substitution
Baseline (BSL)

Total NDC-LTS

Total REF

Implementation: Different GECO energy scenario (REF) with less decarbonisation
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Prospective LCA — sensitivity analysis 2

Change in socio-economic system

- what happens, if the world develops
differently than what we expect?
(spoiler: it usually does)

Degrowth
sufficiency

GLOCAL
ECO-WORLD

Policy mixes not

Participatory online workshop with
50+ stakeholders to stress test CE
lever effectiveness in different futures

Use magnitude of difference in
growth paths from shared socio-
economic pathway scenarios in line
with narratives (Schandl et al., 2020)

RDS A FAIR AND
AINABLE EUROPE 2050:
AND ECONOMIC CHOICES
TAINABILITY TRANSITIONS

supportive of
sustainability

Collaborative/
Collectivist

A

1984
utilitarian

-
! [ ‘
ECO-STATES

Policy mixes highly
> supportive of

GREENING
THROUGH CRISIS

Nationalism
protectionism

Matti et al. (2023)

Competitive/
Individualistic

sustainability

GREEN BUSINESS
BOOM

Elon Musk world
individualism
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Methods

Foresight workshop - Stress testing

Eco-states

-

o High
SEEmes 4 =

What is the patential level of impact on resouvee flow in
this scenario?

¢ B
@
B L
. @
w=n ®
—_— W.
@

Low m'
=T I

Whatt i the patential level of impact on resoircs flow in
this scenario?

e

oo
® 9
®

*
Low |
T T T
mnmmwgﬂglwmmmmmn
@ * D'

* * P

Greening through crisis

i '1.15;._-5

Low High
T T~

What is the potential level of Impact on resouree flow
this scenarlo?

® 4. 0
e « ®©o

@
and planming!

antlcipation
i

Nigh
ﬁ-- = -ﬂ

What fy the potential level af impect on resouree flow b

this seenario®
*. *
®

Low n
=m0

What s the potential level of Impact on resource flow in
o

P

4

W

Business boom

{ i
A

Low High
T~

thmnﬂdwq'wmmuuvmmm
this seenavia?

® ® >

ﬁ--ts -h

mnmmmmqmmummmm
s scenavin?

o®e *
g= W
w=F ﬁ‘

ﬂ--—r -ﬁ

mummmmqwmm resaires flow
this scenario?

Glocal

Low Nigh
L= T
What Is the patentiol level of Impact on resaurce flow in

this seenavia?

* p ey ©

® * .
4

st
=
& .
e

- -ﬁ

mkmmmhnfqrwnmmmmh
this seenmio?

_
E--— .

What s the potential level of Impact on resource flow in
this seenario?

b»*:*

Systemic synergies (other
systemic policies), trade
offs amongst assumptions

Chmial, wenns
aioy o ey
ol rrahi fro.
1are i brnml

Sty marhets




Results

Values for sensitivity analysis

» Multiply projected demand by scenario demand change (Demand)

« Multiply CE lever value (e.g. 18% recycling increase of concrete waste) by effectiveness
(Recover)

S Tvemand|Reducs |Reuse |Recover _

Glocal Eco-World Shrinking Medium High Medium
-20% 67% 82% 67%
Growing High High High
+20% 82% 82% 82%

Green Business Boom Growing Low Low High
+20% 52% 52% 82%

Greening through Crisis ESllilaldgle Low Medium Medium

-20% 52% 67% 67%
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Sensitivity analysis on different socio-economic background

Climate Change - Variation in background conditions
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Cement production
Concrete production
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Processling

Transport to EoL
Material substitution
Feedstock substitution
Material Recovery
Total

Baseline (BSL50)

Implementation: different effectiveness of CE levers and change in demand based on
stakeholder workshop

European
Commission




Sensitivity analyses findings

* In case of a less cleaner energy mix, CE levers have even higher reduction
potential

* In case of different socio-economic systems, demand change has biggest
impact on overall result, as the effectiveness of the levers depends on the

size of the system

« All future scenarios are below the Baseline, showing the robustness of CE
levers, while desirability also depends on socio-economic indicators not
captured in the analysis

» Highest reduction potential in scenario with high government control
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If we had more time, we would...

« Compare GECO energy scenarios against SSP energy scenarios
» Look more at explorative scenarios

* Include future characterisation factors
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The views expressed in this presentation are solely the ones from the authors and cannot be
regarded as the official position of the EU Commission.

© European Union 2020

Unless otherwise noted the reuse of this presentation is authorised under the CC BY 4.0 license. For any use or reproduction of elements that are
not owned by the EU, permission may need to be sought directly from the respective right holders.
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