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(" CO,NSTRUCT

HORIZON-CL5-2021-D1-01-02: Modelling the role of

Horizon the circular economy for climate change mitigation

Europe

THE NEXT EU RESEARCH & INNOVATION .
PROGRAMME (2021 -2027) Expected Outcome:

 Project results are expected to contribute to all of the following expected outcomes:

~ + Improve existing European and/or global climate mitigation models by better
representation of basic industrial value chains (including reliable data) and potential
mitigation technologies including the impact of circular economy

* Improve the quantification of the impacts and potentials of the circular economy for
climate change mitigation

e Support the integration of the circular economy into climate action, policies and their
evidence base, including externalities

e Support the integration of the GHG emission reduction / mitigation in the circular
economy criteria

3 funded projects combining many models: WITCH, MESSAGE,
JRC-EU-TIMES, etc.
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On the project

CO,NSTRUCT - Modelling the role of circular economy
construction value chains for a carbon-neutral Europe




CO,NSTRUCT

Project facts

EU funding programme: Horizon Europe

Call: HORIZON-CL5-2021-D1-01: Climate sciences and responses
Topic: HORIZON-CL5-2021-D1-01-02

Type of action: HORIZON Research and Innovation Actions
Start date: 01-06-2022

End date: 31-05-2026

Duration: 4 years

Budget: 5 million Euro




CO,NSTRUCT

What we will do in CO,NSTRUCT

To develop a new climate mitigation modelling framework

for the construction materials value chain that includes an
account for:

e Circular Economy (CE) feedback loops and other CE tools

e their rebound effects

* expected citizen engagement and

* an evaluation of externalities

for different CE climate mitigation scenarios
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CO,NSTRUCT

TIMES Vs circular economy (CE)

TIMES models currently represent linear patterns of economic activity.

»  GHG emissions are modelled per economic sector and no downstream value chains are
considered

» upstream value-chains are poorly represented, indirect GHG emissions are mostly not included
» extending products lifetime, sharing models, and feedback loops - generally not considered
» increased resource use for climate mitigation is not addressed

TIMES models cannot account for materials’ circularity
there is increased attention to the need to transform linear models into circular models

Bridge the gap between TIMES TIMES models need a high level of
modelling and CE analytical tools used technical detail to adequately

for cradle-to-cradle assessments (e.g., represent CE measures and to
LCA-Life Cycle Assessment, MFA- integrate feedback loops

Material Flow Analysis, or value-chain characteristic of CE practices

analysis)




Some elements for
making TIMES less
linear

SOME OUTPUTS

Policy recommendations

GHG emissions gains

Impacts on GHG abatement and on
energy costs

Hotspots for CE measures that
impact GHG mitigation

Circular Economy

(modelling) tools
(social) LCA, SFA &
MFA, I-O analysis,
embodied carbon

footprint databases

Overall EU energy production &
consumption climate mitigation

modelled by TIMES

4

BT

(" CO,NSTRUCT

Identify, test and quantify
CE impacts for climate
mitigation modelling of
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Circular economy options in the project

(CE options not
considered)

Material
manufacturing

(CE options mapping is
done! First paper out!)

H
BaEbA
Building

design

(CE options
mapping is ongoing)

Offshore
turbine
design

(CE options mapping is
starting - design)

Building
construction

(CE options mapping is
ongoing)

Offshore
construction

(CE options mapping is
ongoing)

Building
use

(CE options mapping is
ongoing)

Offshore
use

(CE options mapping is
starting )

CO,NSTRUCT

Building
end-use

(CE options mapping is
ongoing)

Offshore
end-use

(CE options mapping is
starting )




CO,NSTRUCT

APPROACHES TO INTEGRATE CIRCULAR
ECONOMY IN TIMES

Consider changes in demand for energy services due to Being applied to:

modifications in consumption patterns (e.g. due to sharing spaces)

) .. . * Buildings (energy use in commercial
Change allocation of emission across economic sectors (e.g. & residential buildings)

emissions are allocated to cement users not cement producers) - Construction (renovating,

demolishing and building new)

Include impacts of CE as externalities (e.g. land-use) as “costs . Offshore power

Disaggregate sectors as construction and waste management * Cement production
* Glass production
Model sectors in more detail with mass balances (currently . Steel production
mostly done for steel, cement, glass and paper) « Other industry (insulation, soda

Include explicitly feedback loops (& value-chain) between aSh)

material producers and consumers
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On the modelling
(sorry, not really results yet)
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JRC-EU-TIMES model

JRC-EU-TIMES energy

model

What is the combination of . :

energy technologies that allows
satisfying the demand for

system model for EU+
developed at JRC

> Optimization model for energy services at the lowest
overall EU energy system cost, while ensuring carbon -

» Detailed technology . More on JRC-EU-TIMES
databased for energy heutrality goals? nereandhere
production,
transport/distribution > Supply sector description (fuel mining, primary and secondary production, import and export)
and end-use > Electricity multi-grid model (high, medium and low voltage grid), tracking demand-supply via

> Each EU country 12+ time slices (4 seasons, 3 diurnal periods), and gas across 4 seasons
modelled in detail

» 2015 till 2070 (?)

» Open and documented

» Part of the widely used
TIMES family of models
developed by ETSAP IEA

> Country specific differences for characterisation of the conversion and end-use technologies
> Renewable potential (onshore wind, offshore wind, geothermal, biomass, biogas, hydro)

»  Cross-border and Endogenous (EU) Trade

cLyap



https://publications.jrc.ec.europa.eu/repository/handle/JRC85804#:~:text=The%20JRC%2DEU%2DTIMES%20model%20is%20designed%20for%20analysing%20the,climate%20change%20related%20policy%20objectives.
https://data.jrc.ec.europa.eu/dataset/8141a398-41a8-42fa-81a4-5b825a51761b
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JRC-EU-TIMES model

Inputs Energy System Outputs
Base year & New energy
technologies
) ilabili Transport: road passengers
ca|:')a-C|ty, a\{a' ability, (car —short / long distance,
efficiency, life, costs, bus — urban / intercity, .
emission factors moto), road freight, rail Materials and Energy flows
(passengers / freight), ship . )
D d oroiecti Primary energy _ Final energy prices
Sllile] | plie] e 'or‘s supply: Refinery, £
end-use energy services imports and Industry: Iron & Steel; Non- & £ Costs
& materials renewable energy | Ferrous metals; Chlorine & %’ S
Ammonia; Other Chemic.; < "i
Cement; Lime; Glass: 2‘5? = Optimal combination of
Hollow/Flat; Ceramics; Pulp ~ 8o | dd d
& Paper; Other < 8% energy supply and deman
i}i“% o © technologies
. : 1.8
National primary energy ) Residential: Existing & New - .z §
potential Rural/ Urban /Multi é S
Hydro, wind, solar, apartment = _
biomass Installed capacity
Commercial (hospitals,
hotels, offices, small
Policy constraints shops, malls, sports) Emissions

restrictions, taxes,
subsidies, ...

Agriculture




This is how construction materials are currently in the

JRC-EU-TIMES model

Energy

Natural resource
extraction
Iron ore (Mt)

Energy

Manufacture Industry

> Steel (Mt)

Wood (PJ for energy)

Limestone (Mt lime)

Scrap iron ( Mt)j Iron & Steel

Cullet (Mt) —B‘» Glass

>» Cement (Mt)

Cement

Flat glass (Mt)

Pulp & Paper

v

GHG, NO,, SO,, TSP

Industry subsectors for
CO2NSTRUCT materials

=3 Construction material flows

——> Energy and emissions flows

% Lime

Ammonia

Chlorine

Aluminium

Copper

Non-ferrous metals

Other chemicals

Non-metallic minerals

Other industry

GHG, NO,, SO,, TSP

Residential buildings

stock
(1000 units)

Energy

CO,NSTRUCT

Space heating (PJ)
Cooling (PJ)

Hot water (PJ)
Lighting (PJ)
Cooking (PJ)

—>

Building Use

> Refrig. & freezers (PJ)

Clothes dryer (PJ)

Non-residential

buildings stock
(Mm? per year)

y

Other electricity (PJ)

GHG, NO,, SO,, TSP

Energy

Space heating (PJ)
Cooling (PJ)

Hot water (PJ)
Lighting (PJ)
Cooking (PJ)

Offshore energy

infrastructure stock
(MW)

Building Use

—> Building techs. (PJ)
Ventilation? (PJ)

y

GHG, NO,, SO,, TSP




The more circular JET model being built CO,NSTRUCT

Energy use
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; v EXPORTS SRR .~ outside EU
nergy use : ! : &
e Manufacture Industry | z outside EU :I_E?_r!?ir_u_‘_:_t!g'?_____,l ]
l ’ '" New building o Energy use
' Constructi - . Re-think
Cement fiLonstruction 1o Re-think (share) ¢ h
Natural | Y | FmIITIIIIIIIIITITaIes ;o — (share)
' ! Glass ! 1, Light Building — Bmldmg Buildi U
Resource —> Transport | > ->» Transport 11 renovation N> ~| bullding Use
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Xtraction e Medium Building ol \L
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Chemical 'i Other construction i :
lT Re-use "= GHG emissions
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T e —i demolition |
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It was necessary to develop a new methodology to
estimate material, energy flows and emission
associated to buildings construction value chains

At annual level for each country in EU28+

WHY? Because this is the level that GHG emissions
policies work

(resource/LCA community work at lifetime scale: embodied
carbon)




Energy consumption per energy carrier

(TJ) [Eurostat “Mining and quarrying”]
Methods
(S | m p | |f| ed) Extraction of raw materials (mineral ores, sand and

gravel, ...) from Material Flow Accounts (kt) [Eurostat]

Combustion EF (ktCO,/TJ) [UK DEFRA & USA EPA]

N

Raw material extraction (metal ores and other)
Country specific % construction relevant materials over total minerals extracted
% of annual extracted volumes to be used in construction [EUROSTAT]
81% of total energy consumption in construction assumed to be for buildings GAV [EUROSTAT]
Country specific Multiplier for EUROSTAT energy consumption "Mining of Metal Ores" for buildings

Raw material transport

Annual production (Mt) [National
Inventory Reports to UNFCCC] >

Raw Materials sold production, exports and imports %

(kt) [PRODCOM Eurostat]
Carbon intensity per material (ktCO,/Mt)

Construction materials manufacturing
Country specific % for steel, glass, % cement, % bricks produced/year assumed as used in same-,
year for buildings [based on GAV statistical information] l (-
Adjust total glass production with values from PRODCOM for Flat glass production

[National Inventory Reports to UNFCCC] >

Energy consumption per energy carrier(TJ) >
[Eurostat “Road freight transport”)

EF freight road vehicles (ktCO,/km) [ICCT] %

Assumed same quantities as in previous step are transported

Assumed material specific + average travelled distance per country for road freight transport
[RUB and Eurostat]

* Average annual CO, emissions (kt)

Transport of construction materials @ﬁ

Energy consumption per energy carrier(T)) [Eurostat ;
“Construction” & “Building Construction”)
Combustion EF (ktCO,/TJ) [UK DEFRA %
& USA EPA]

Construction (includes renovation/maintenance)

Country specific % of total energy consumption for construction assumed to beyxfor buildipgs
[Eurostat] - GAV
Values need to be refined

Energy consumption per energy carrier(TJ)
[Eurostat “Construction”)

Combustion EF (ktCO,/TJ) [UK DEFRA >
& USA EPA]
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Demolition
5% total construction energy consumption assumed to be used for buildings [ECORYS]
* Average annual CO, emissions (kt)
* kt CO, / construction Gross Added Value (M€)
* kt CO, / built area per capita (CCXX)

Energy consumption per energy carrier(TJ) ;
[Eurostat “Road freight transport”)

FE freight road vehicles %

(ktCO,/km) [ICCT]

Waste transport (and management) og&

Mt construction and demolition waste transported for disposal [Eurostat]
Assumed average travelled distance per country for road freight transport [Eurostat]]
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Mass flows

For 2019 (per country in kton)

—

@D T R: |
I|I
Construction Buildings

« Sand * Flat Glass « Construction  Buildings * Residential

* Limestone « Cement (apartments, detac

* Clay « Steel « Other uses (Non- « Other construction hed houses, semi-

* Iron ore - Bricks construction) detached houses)

. (..) * Non-

residential (hospit
als, hotels, offices,
small shops, malls,
sports)




Material flows for flat glass for construction CONSTRUCT

EU27 (2019
( ) BUILDING CONSTRUCTION &

RAW MATERIAL MATERIAL O RENOVATION
EXTRACT,Q,\,@ MANUFACTURING ~

T‘T" /\ 55k | Hospitals
‘000 LIl |:| |:|
— 0 part| Sport&
2264235t P recreation
| Imports]
Domestic Exports 3020 mp Hotel &
extraction 771t| restaurant
722 it ' . New Buildings i
Imoort Domestic s 4870k residential g Shopping
mports ot SILICA SAND x Buildings buildings x| mall
292351 consumption 8678 ki FLAT G122 Kt —
22827461 LIMESTONE _/— GLASS CONSTRUCTION Small shop
3860 kt 9650 kt
4772291 204441 3384 Kt 440 kt .
o Office
Domestic SODA ASH =0 New Buildings
. Exports 2210 kt 3603 kt Residential
extraction B esidentia 526 | e G I 2022 Kt
Eroces Other Uses 4148 Kt bu||d|ngs g enovation 76 Kt Slngle
- 4541t | Family
Imports DOTE‘.S?C 3860 14 S68 K losses Other 150K | Medium Renovatiorl 129kt
13516 ::;:Efnpﬁon 5018 Kt zaz0ke Construction ] e
iy 38k | Full Renovation I 2%% building
46796t 23471 —
Domestic 3783k 9194 Kt B Sidica Sand 141 45 | APartment
extraction Exports [Amond e o Bkt
Domestic Lirmassone
Imports material
| consumpton| esz1 B Soda Ash

Flal (slass

Sand and O avel
Limssione and Jypsum
Sak

Materials flows in kt of materials ,
B A:manks
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Annual energy flow along the construction value chain

B Matural gas
B il products
B Solidfossilfuels

EU+ preliminary results

B Renewables
Electricity
Floor area
/'\
/7 \
7/ \
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/7 \
/ \
/ \
energy for _ _ ,/ *\
.. . . . \
mining/operating raw  energy for industrial energy for building S \ energy for
material processes construction J/ N demolition
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. . . " Co,NSTRUCT
Annual CO, emissions from construction material

value chain for buildings
(preliminary)

EU27 m 83%
20 000 ez| 83%

18 000
16 000 I

14 000 - 20 000,00 40 000,00 60000,00 80 000,00 100 000,00 1.5%

12 000 CO, emissions (kt) ogg
10 000

8 000 o

6 000 g

4000 - >

2000 = - .

CO, emissions (kt)

= Extraction Manufacture Transport

" Construction " Demolition " Waste transport
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Some very preliminary insights learnt when

modelling Circular Economy in TIMES
(previous exercises from Fortes et al.)

>|n general CE contributes to a reduction of energy consumption and have positive
effects in GHG emissions reduction in the evaluated cases;

>Benefits are not straightforward:
Recover and recycling processes may lead to a lower availability and higher prices of some
sub-products - its scarcity may conduct to further substitutions that may not be optimal from a
climate mitigation perspective.
Extension of technologies life-time conduct to a reduction of energy efficiency.

> Limitations:
Highly uncertain assumptions;
TIMES is mostly focused on the energy system, representing in a roughly way other
material/services flows that may have a crucial role in CE.
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On scenarios

Co-developed with a User Board Insights from consumer
DG ENV Wienerberger preferences survey

DG CLIMA Saint Gobain Glass (+1200 consumer replies)
EUROFER ACS Glass

Tiles & Bricks Europe
Glass for Europe
CEMBUREAU




What about Circular Mitigation Scenarios? CONSTRUCT

We are looking for the synergies between circular economy and climate mitigation in EU+ until 2070 - We
will need to use scenarios.

Our scenarios will not focus on aspects as population, economic development or levels of GHG emission
abatement. We will align with EU socio-economic scenarios and with SSPs (Shared Socio-Economic
Pathways).

Instead, we are interested in scenarios on which CE measures will be considered
in modelling EU circular climate mitigation pathways towards carbon neutrality.
In all scenarios carbon neutrality is a given!

!jnitiallly V\ae planned to use only 2 axes along which Circular Mitigation scenarios were going to be
eveloped:

* Axis (a) referring to the scope of CE measures (which measures?)
* Axis (b) referring to their coverage (where and when are they implemented?).




Approach for circular mitigations scenarios CO,NSTRUCT

BLOCK 1 Evolution of infrastructure BLOCK 3 CE options

(bUIIdIngS/OffShore) « Types of CE practices being implemented (having
Life-time (demolition rate, construction rate, sharing or not)
renovation rate) * Level of implementation of the CE practice

« Material intensity modifications (product design) (recycle all flat glass or just 90%)

- Demand for floor area per capita / sufficiency * Capacity to recover materials from

- Evolution of energy services and materials buildings/offshore

demand (this is the traditional scenario variable Cost of CE options

in TIMES model exercises)
SSPs

BLOCK 2 Materials market dynamics BLOCK 4 Transport

« Change ratio of CE implementation vs raw « Location of factories and waste
material extraction (might not be that just by recovery routes
more CE you mine less - depends on global « Change of transport modes
steel market dynamics) * Improvement in Logistics

» Global materials dynamics and imports / . ... 0
exports a?
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http://www.co2nstruct.eu/
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