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Environmental emergency

« 37% of the global share of energy-related CO.,e Other Residential (direct)
emissions were attributed to buildings and the 8 % 6%
construction sector. ) l Residential (indirect)

+ Efforts have been brought to reduce the operational Transport 11 %
carbon footprint of buildings by improving their energy 22 %
efficiency

o Non-residential

- direct

. operational carban {energy) 37 /o ( 3 )

E Embodied cartion (materis) Other indUStry %

30%-——— Non-residential

(indirect)

w 8%

Other building and Buildings construction

Over tims, the sperational energy decarbonizes construction industry - concrete,
Source: One Click LOA > industry aluminium and steel
6 % 6%

* Awareness has also been raised on embodied carbon.
Emissions from materials and products must be urgently Source: Global Aliance for Buiding and Construction
addressed to ensure constructions are optimized as low-
carbon solutions.

Page 4 © ArcelorMittal 2024 - All rights reserved for all countries _l_II_Il—Ig) P g E >

September 2024 Cannot be disclosed, used, or reproduced without prior written specific authorization by ArcelorMittal SUSTAINABLE A
LCA: UCP Germany CONFIDENTIAL - Privileged Information - ArcelorMittal proprietary information PLACES 2024 Arceloerﬁql

Estimated emissions
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Life-cycle Assessment (LCA):

« LCA is a scientific and quantitative method for
determining and assessing environmentally relevant
processes.

* The ISO 14044 Environmental management — Life cycle
assessment — Requirements and guidelines define the
steps that shall be followed for LCA:

— Goal and Scope;

- Life Cycle Inventory (LCI)

- Life Cycle Impact Assessment (LCIA);
- LCA Interpretation;

Page 6 © ArcelorMittal 2024 - All rights reserved for all countries
Sepleml}e}w 202'1' Cannot be disclosed, used, or reproduced without prior written specific authorization by ArcelorMittal
LCA: UCP Germany CONFIDENTIAL - Privileged Information - ArcelorMittal proprietary information

/ Life cycle assessment framework

-

Goal and scope
definition

Inventory
analysis

Interpretation

Impact
assessment

o

\

/

Source: ISO 14040

-
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Direct applications:

- Product development
and improvement

- Strategic planning

- Public policy making

- Marketing

- Other
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Goal and Scope:

 Goal:

- The goal of this study is to assess the
embodied carbon of equivalent structural
options, composed of different materials, of a
given office building located in Luxembourg for
a reference service life of 50 years.

One L shaped office building with a
Functional gross floor total area (GFA) of 15552
unit m? located in Luxembourg over a 50-
year analysis period

Reference 2
: m?.,
unit

LU
Material content as defined by the
design office Schroeder & Associés.
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Dimension Value
Building depth [m] 13.60
Building length [m] 78.15
Superstructure number of levels R+8
Infrastructure number of levels 2
Free height on the ground floor [m] 35
Free height on the intermediate floors [m] 2.7
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Goal and Scope:

« Object of assessment (Product
description):
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Goal and Scope:

» Object of assessment (Product
description):
- Three structural alternatives for the office
building structure were studied:
+ Composite steel-concrete option;

» Prefabricated reinforced concrete option;
« Timber option;

— The structural design was conducted by the
Luxembourgish office Schroeder & Associes;

— The functional equivalency of these solutions
iIs ensured by adopting the same boundary
conditions such as design assumptions,
building location, soil condition, safety
requirements, and actions on the structure;
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Goal and Scope:

Object of assessment (Product description):
8.1 m by 13 m (clear span) for the composite steel-concrete option;

Structural Steel Composite QP G C? @P QP i Angelina™ beams

EI emen ts "’ 5355 IPE "’ - = - A new generation of castelloted beams
® 1 - === = —_— A
Slab Cofraplursn ne:o 130 @ ’ T:: :lr |
A/B I IPE 400 § ! " :
Beams 1/2/3/4 2: Angelina j ! i :
IPE 300 I Cf:l e i :
Columns A/B 1. HEM 200 : i i :
(] 1] ] [
s| &_Ir ] 1 [
Grid 8.1x 13 m E ; —f——tf——
: Ry FEY g5
. I £ g g
i ] U] i
i ! i :
i [} i [
U (] " :1 [ &
o L I T 5 T O
2700 2700 2700
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Goal and Scope:

* Object of assessment (Product description):
- 8.1 m by 5 m+ 8 m (with intermediate columns) for the prefabricated reinforced concrete option;

Structural Elements Reinforced Concrete @ ,@“‘é @ ,,@‘“&
Prestressed prefab 1 " scaoxxomn .Qgﬁ“'
Slab hollow core slab 200 + 50 @ B e e i
mm
Beams A/C 2 200 x 300 mm

1/23: 400 x 600 mm 3 £

Columns A/C 2300 x 400 mm g| & g

B % d =500 mm g

Grid 8.1x5+8m N ®

Hollow core slab 200 + 50 mm

R P —

EPD Ireland: Quinn Hollowcore Slabs

-

5000
RC 400 x 600 mm
RC 400 x 600 mm

SO |
e |
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Goal and Scope:

* Object of assessment (Product description):
- 5.4 m by 5 m+ 8 m (with intermediate columns) for the timber options;

& o
Structural Elements Timber s &

o Uia
Slab CLT panel 160 mm @ % clanzoxsomm 17
= B
Beams A/C 2200 x 480 I b
1/2 3: 440 x 800 : :
Columns A/C %400 x 400 mm ell! 1l <
B 4 480 x 480 mm gl 1lE
Grid 54x5+8m = 5| B
1 @5“ | (@ ?
L8 1| - S
i + Lh e —
o cirisoss | — '—?i=
_J'G? J__@'} e
o+— T
[ |
gl e
@ 1|8
E § I | § LEVER Architecture
O s 5 &
|l + TERS
|6}>‘& | _.‘?’“Q
(o] I"L === = === = J’ — — . . . N
G GL24n 200 X 380 mm https://oxleytrade.com.au/product/clt-cross-laminated-timber/
5400
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Goal and Scope:

« System Boundaries:

Page 13

September 2024
LCA: UCP Germany

The EN 15978 set out a common life cycle

model for construction works. The life cycle |
model includes modular definitions for the

BUILDING ASSESSMENT INFORMATION

|

life cycle stages, allowing each stage to be

BUILDING LIFE CYCLE INFORMATION

compared in isolation with other projects. | | | |

(F;Ondsl:fljjit:r?iroﬁ\elsiita — A4-A5; h ] § ! §§ i § bl g gi ! ’g i
ge —A4-A5; LI LD B I 1 SR I

End of Life — C3-C4 e I e

Benefits and loads outside the systems z-:-m Z:W::

boundaries — D. suet

Source: EN 15978
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SUPPLEMENTARY INFORMATION
BEYOND

THE BULDING LIFE GYCLE

Benefits and loads beyond the
system boundary

Reuse-
Rocovery-
Recycling-
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Goal and Scope:

« System Boundaries:

A1-A3 [Product stage] A4-A5 [Construction

C3-C4 [Eol] D [Benefits outside the system

Process Stage] boundaries]

- ~ ’

A4 Transport: Re_cycling/landfilling of steel
reinforcement;

- Reinforced concrete;
- Structural materials and || - Structural materials and - Steel reinforcement;
products employed in the:

products transport to the -tRezl:.ching/re-use of structural _structural steel:
- FOUNDATIONS construction site; S153H )
- UNDERGROUND § [ - Incineration with energy - Structural timber.
| RETAINING WALLS recovew/lgndﬁllmg of
. structural timber;
- CORE A5 Construction installation process: - Downeycling/landfilling of
- FRAME & FLOORS - Construction waste; concrete.
-ROOF — - Construction waste treatment/disposal /
- Underground excavation;
o J - Deconstruction of structural
N~ components; INCLUDED

- Waste transport.

(- Transport of equipment or personnel; EXCLUDED
IRt |__|- Installation of structural elements;
= [RNEC yiizmmss - Construction site energy and fuel
- Internal finishes \consumption.

- Other non-structural
elements.
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Goal and Scope:

« Time coverage: « Allocation

- The study represents a hypothetical initial - Co-product allocation was not necessary for the
construction in 2022 and continued use of the foreground processes, as there are no co-

office building for 50 years. products known or considered in the construction
« Technology Coverage: of the office building.

- Technologies are representative of Luxembourg — For all background data used in the model, the

and Europe for manufacturing the structural standard allocation assumptions of the used
materials, and the construction of the office o
datasets were maintained.

building. Current technologies have been applied
to future end-of-life. » Cut-off criteria:

» Geographical Coverage: - No cut-off criteria were applied in this study.

- Design assumptions, background data on
environmental impacts, and life cycle assessment
scenarios were intended to represent an office
building construction in Luxembourg. The results
of this study are only applicable to the location,
the boundary conditions and LCA scenarios
considered.
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Goal and Scope:

« Selection of Life Cycle Impact Assessment Methodology and Types of Impacts:

- Global warming potential (GWP) was chosen - A partial compatibility is guaranteed by:
because of its relevance to climate change. Climate « The global warming potential impacts caused by
change is of high public and institutional interest and fossil fuels are remarkably similar between the
is deemed to be one of the most pressing different standards and characterization
environmental issues of our times. methodologies;

* Biogenic carbon storage (negative carbon impact)
is separated from the GWP in EN 15804+A1 data.
* Then:
- If and EPD as per EN 15804+A2 is used, then:
GWP = GWP-fossil
- If an EPD as per EN 15804+Al is used, then:
- In EN 15804+A1, GWP is presented as a single GWP = GWP — biogenic carbon storage.
indicator, whereas in EN 15804+A2, GWP-total is
divided into three sub-indicators: GWP-Fossil, GWP-
Biogenic, and GWP-luluc.

- For GWP, the characterization factors from EC-JRC
were applied (EN15804+A1/A2). (Environmental
Footprint (EF).
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Goal and Scope:

« Assumptions (scenarios):
- Transport A4 g&

Material Transport Type Distance [km]
Structural steel Trailer combination, 40-ton capacity, 100% fill rate 370
Steel rebars Trailer combination, 40-ton capacity, 100% fill rate 370
Reinforced concrete  Concrete mixer truck, appr. 8 m3, 100% fill rate 60
Timber Trailer combination, 40-ton capacity, 100% fill rate 220

-
— Construction A5 (waste) [l]]

Material Percentage %
Structural steel 3.3
Steel rebar 4.85
Reinforced concrete 4
Timber 16.7
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Goal and Scope:

« Assumptions: &\,
-eoLcsca L@

Structural Elements Lar;/(:fill Re;;;lse Rec%//gling Down;oycling Incineg;i:gv\évri)t/h%Energy
Structural steel sections 1 11 88 - -
Hot-dip galvanized carbon steel 2 - 98 - -
Steel reinforcement bars 10 - 90 - -
Reinforced concrete 25 - - 75 -
Timber - - - - 100
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Life Cycle Inventory (LCI):

* Building mass:

Building total mass (tons)
20000 18956

----------- e —
18000
16000 -36%

14000 12048
12000 Ssmomseme =
10000
8000
6000
4000
2000

12692

Composite steel-concrete Prefabricated reinforced concrete Timber

OFoundations O Retaining wall M Core/Bracings OFrame

OFloors M Fire protection @ Roof ATOTAL
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Life Cycle Inventory (LCI):

« Material and Products — Datasets (Environmental Product Declaration):

Compliance system

Product/Material Dataset name Year Geography Upstream database
— — — —— — | QG m— —— — — — —
I EPD, XCarb® recycled and renewably :
Structural steel sections produced structural steel sections and EN 15804+A1 2023 RER GaBi I
! merchant bars, ArcelorMittal Europe _—
_S’&duwteﬁecﬂ]s_igéﬁmizfeu_mhmlmr EN 15&4+A1_ _2017 RER _Gai —_—
EPD, XCarb® recycled and renewably ’
Hot-dip galvanized carbon steel produced hot dip galvanized steel with EN 15804+A2 2023 RER GaBi I
Magnelis® coating, ArcelorMittal i
Steel rebar EPD, XCarb® reinforcing steel in bars, EN 15804+A1 2021 RER GaBi I
| ArcelorMittal Europe
b —— stee| Tebar—— — EPD, refmorciiy steel imbars,ArcelorMittar = BN 15803+AT— —20T6— — RER —— =—— =——GaB~ —— =
Ready-mix concrete C30/37 One Click LCA EN 15804+A2 2022 LU Ecoinvent
Ready-mix concrete C40/50 One Click LCA EN 15804+A2 2022 LU Ecoinvent
Ready-mix concrete C50/60 One Click LCA EN 15804+A2 2022 LU Ecoinvent
cLT EPD., cross-lqminated timbe.r (X-Lam), EN 15804+A1 2017 DE GaBi
Studiengemeinschaft Holzleimbau e.V.
EPD, binderholz Glulam—binderholz Bois
GluLam lamelle-colle BSH—Legno lamellare BSH EN 15804+A1 2019 DE GaBi

binderholz—nbinderholz BSH glulam
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Life Cycle Impact assessment (LCIA):

e Calculation matrix & GWP emission factors:

Amount of
products

a3ij

anij

Environmental impact Environmental
per unit of product impact of stagei
EPD data EPD data EPD data EPD data
for al for a, for a, for a,
stage stage stage stage

GWPali || GwPa2i || GwPa3i || GwPani GWP i
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A1-A3 GWP
Data Source Material FU [kg
CO.,eq./FU]
EPD, XCarb® recycled and renewably
. Structural steel

produced structural steel sections and sections kg 0.33
merchant bars, ArcelorMittal Europe
EPD, structural steel sections in Structural steel K 0.52
HISTAR grades, ArcelorMittal sections 9 )
EPD, XCarb® recycled and renewably Hot-dip qalvanized
produced hot dip galvanized steel with carFl))(g)]n steel kg 0.794
Magnelis® coating, ArcelorMittal
EPD, XCarb® reinforcing steel in bars,
ArcelorMittal Europe Steel rebar kg 0.30
EPD, reinforcing steel in bars,
ArcelorMittal Steel rebar kg 1.23

. Ready-mix concrete 3
One Click LCA C30/37 m 270.88

. Ready-mix concrete 3
One Click LCA C40/50 m 355.83

. Ready-mix concrete 3
One Click LCA C50/60 m 429.00
EPD, cross-laminated timber (X-Lam), 3
Studiengemeinschaft Holzleimbau e.V. CLT m 187.23
EPD, binderholz Glulam—binderholz
Bois lamelle-colle BSH—Legno GluLam m3 205.3

lamellare BSH binderholz—binderholz
BSH glulam

nne
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Life Cycle Impact assessment (LCIA):

« XCarb™:

— ArcelorMittal's XCarb™ initiative, which emphasizes recycled and renewably sourced steel, is centered
around the Electric Arc Furnace (EAF) route.

— This approach involves using 100% recycled material combined with 100% renewable electricity.

Material/Product XCarb™ A1-A3 kgCO,eq./kg Worldktg((a)l aes;)kcatlon

Hot Rolled Steel Sections 0,33 1,91 (global production) 82,72
Steel reinforcement (rebars 0,30 1,94 (global production) 84,53
0,532 2,28 (global production)* 82,72
0,797 - -
:;g:embe‘ 2024 Cﬁ\‘\::;‘ ?;re\gl\iégg ﬁlémgrl Te‘;?oet‘\tigg\m\L;‘W‘OLUC:L;‘;\LQE J vritten specific authorization by ArcelorMittal gll;r_sll'[‘}'!l_l\l{%;i .
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RESULTS AND
INTERPRETATION: SUSTAINABLE

PLACES 2024
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Results and Interpretation:

* The results are presented in terms of FU (m?):

@D [External impacts]
O C1-C4 [End of life]
O AS5 [Construction/installation process]
290 O A4 [Transportation to site]
— 235 O A1-A3 [Construction Materials]
NE 240 ) , OTOTAL [A-C]
= |
S 190 189 _26% ool
ON =—Cemmsy - H '46 /0: —— 125
S 140 i S o IS
ﬁ -------------------------------------------------- e @
o 9
5
10 - TOEEE T B '
-60
REINFORCED ST;EEL )CO]\-’L'POSIITE 1S'['EEL CO]\-b{P;OSITE
TIMBER CONCRETE usual AM’s structural stee XCarl
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Results and Interpretation:

* The results are presented in terms of FU (m?):

QTOTAL (S) [D] BROOF
BFIRE PROTECTION OFLOORS
OFRAME ECORE/BRACINGS
290 235 ORETAINING WALL OFOUNDATIONS
T 20 : S TOTAL (S) [A-C]
= 169 170
o 190
3 —— —C— 125
Q 140
(2]
3
z |
= ] ]
o 40
10 T T T d
-60
REINFORCED STEEL )CO]\«“L‘POSITE STEEL CO]\«{F;OSITE
TIMBER CONCRETE usual AM’s structural steel XCarb
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CONCLUSIONS:

SUSTAINABLE
PLACES 2024
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Conclusions:

 The whole life cycle GWP is calculated for all structural options. The steel-concrete composite option
outperforms the:

- Reinforced concrete option reducing by 46% when comparing to the XCarb® steel-concrete composite
option;
— Timber option reducing by 26% the overall GWP for the XCarb® steel-concrete composite option.

— The steel-concrete composite option profits from having a high content of recycled steel (scrap), up to
100%. In addition, a greater reduction is achieved for the use of XCarb® steel since it is produced with
100% renewable electricity.

* The production stage (modules A1-A3) is the major responsible for the CO,e emissions.

— Because of that the reduction of raw material extraction using high-recycled content materials is key to
the reduction of embodied carbon.

» Floors are identified as the building part that contributes the most to the overall GWP. Ready-mix concrete is
the main responsible for the impacts related to the floors for the steel and reinforced concrete options.
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SOLID WASTE PRODUCED GLOBALLY

Other
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PVC FIGURES PVC applications in the EU’
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» Production: In the EU in 2022 fossil-
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based PVC represented 9.1% or 5.3 Mt Flooring e
. ) Cables
of a total of 58.7 Mt plastics (fossil-based | Fiexible tubes and profiles
+ recycled)?. Flexible film ar.1d shegt E—
Misc. rigid  me—
» Waste: 2.4 Mt of post-consumer PVC Profiles me——
) ) Pipes and fittings m——
waste in the EU, 44% generated in the Rigid plates s
Rigid film  me—

construction sector®,

o
(6)]
—
o
—
(6)}
N
o
N
()]
W
o

» 70% of PVC is used for products used in _ o
EU27 + UK, Switzerland and Norway 0

the building sector®.

4. Plastics Europe, 2023 5. European commission, 2022 6. VinylPlus, 2023 7. ECVM




PVC FIGURES

» The plastic processing sector employs 338000 employees 1 5.3% of the

manufacturing sector in Germanys.
» Around 41% of companies in this sector contain <50 employees.
» Only 1% of companies >1000 employeess.
» In 2019: 73% male, 27% female®.

» 92% full-time, 8% part-timeé&,

8. Dispan and Mendler, 2020




CIRCUSTAIN PROJECT

» Circular economy (CE) strategies, like plastic recycling

» Sustainability of CE practices is not guaranteed better

than conventional ones.

» LCSA (social, economic and environmental)

Environmental
LCA

Economic

LCC



CIRCUSTAIN: Integrated sustainability assessment across all three sustainability pillars of circular economy initiatives

Conventional Life cycle sustainability assessment of circular vs. linear economy
________________________________________ Novel integrated life cycle impact assessment

Life cycle inventory of circular & | Life cycle impact assessment: W P1
linear product systems with conventional methods

Two new impact pathway models:
with integrated cause-effect chains for
topics: healthy labour force & rebound effect

Economy

nitiatives \

ENVIRONMENTAL -

NOILVDIHOOV

— | LIST @

| -
Period:
: Life cycle inventory of circular & linear Revisited & novel life cycle impact assessment: W p3
| product system combining the new impact pathway models with the 2024-2027
1 conventional methodology
: ECONOMIC
' ENVIRONMENTAL
| by =
l 8 <
! BEE
I N Qo
' =
1 @]
=
|
|
1



OBJECTIVE

To quantify the social
Issues, focusing on labour
aspects, alongside economic

Life cycle inventory of circular & | Life cycle impact assessment: WP 1
linear product systems with conventional methods

2 and environmental impacts of
Circul ,-;E, i ifi H
cresar _.“ ENVIRONMENTALF G identified circular versus
Initiatives N = linear product systems using
- ;

SOCIAL conventional LCSA.




SOCIAL LCA




SOCIAL LGA FRAMEWORK

. Access to material
Child/forced labour
bCoIIec_:tl_ve Local employment
argaining
Local e
Working time Indigenous rights
Respect of
. . Safe and healthy mtellectgal
Social benefits property rights

Complete framework in the UNEP Guidelines for S-LCA of products and organizations®, 2020 LI ST

Fair
competition

relationships
actors
Wealth




CASE STUDY: PRODUCT SYSTEM

Demand for Heat and
treatment of Incineration electricity

PVC waste production

. (Banned in
Landfllllng various countries)

I O Circular system

R — Virgin PVC PVC resin
| production

Demand for
treatment of Recycling Recycled
PVC waste PVC resin




CASE STUDY: SCOPE

» Geographical delimitation: PVC production and recycling in Germany and Luxembourg
» Stakeholder covered: Workers, local community
» Impact categories addressed: job creation potential and health and safety

» Sectors in the foreground system: construction (installation and unmounting of PVC products)

and manufacturing (plastics, chemicals production)




CASE STUDY: METHODOLOGY

> Job Creation > Health and safety
» Input-Output Tables » Exposure to chemical substances
» PSILCA™ » Rate of fatal and non-fatal
» EXIOBASE v3 monetary!! accidents

10. Stadler et al.,2018 11. Ciroth, A., & Eisfeldt, F. (2016).




INPUT-OUTPUT TABLES

Input—output analysis is an analytical framework that provides data of the
structure of the economy based on the interdependence of industries?

presented in input—output tables.

The input—output table of a country contains information on monetary
transactions between industries in a specific location. It shows the flows of

products that industries purchase (inputs) and sell (outputs) °.

Industries are related to each other because they buy products from other
industries to produce their own products and in turn, provide products to

other industries, which use them in their own production?0.

12. Miller and Blair, 2009

Country
1-
sector 1

Country
1-
sector 2

Country
2 —
sector 1

Country
2—
sector 2

Country
1-
sector 1

Country
1-
sector 2

Country
2 —
sector 1

Country
2 -
sector 2

LISTS)



CASE STUDY: METHODOLOGY

» PSILCA

| 2

| 2

>

Based on EORA MRIO

189 countries

It contains worker-hours by sector and
country

Aim of the database: to conduct Social

Risk Assessment

>

EXIOBASE

>

>

| 2

MRIO
49 countries + regions

Worker-hours and
employment accounts by

sector and cou ntry




WORKER HOURS ESTIMATION

PSILCA estimated worker-hours based on
EORA following:

EXIOBASE contains total employment and

worker-hours accounts

16

Unit labor costs

Worker h h]=
orker hours [h] =0 hourly labor costs per employee [USD/h]

Compensation of employees by sector and country [€
Unit labor costs = pe ployees by ry |€]

Gross output by sector and country [€]

Country 1 Country 1 Country 2 — Country 2 —
—sector 1 —sector 2 sector 1 sector 2
Compensation of
employees
Total employment

Vulnerable
employment




INVENTORY WORKER HOURS - FOREGROUND SYSTEM - PRELIMINARY

Process units
PVC production
Profile production
Windows assembly
Montage

Use in B&l
Unmounting
Sorting

Mechanical recycling
Profile production
Windows assembly
Montage

Use in B&l
Unmounting
Sorting

Total wh per
tonne PVC

2.68
4.50
58.38
224.72

337.08
1.00

4.50
58.38
224.72

337.08
1.00

Unit
wh/PVC tonne
wh/PVC tonne
wh/PVC tonne
wh/PVC tonne

wh/PVC tonne
wh/PVC tonne

wh/PVC tonne
wh/PVC tonne
wh/PVC tonne

wh/PVC tonne
wh/PVC tonne

Linear |G

0 0.2 04 06 0.8 1
Jobs per tonne PVC

Circular

® Virgin production and manufacturing
m Collection, recycling and production
End-of-life

» Manual activities require more hours per functional
unit.

» EXIOBASE: Windows assembly and PVC production
» Costs variation
» Mechanical recycling

» Technologies




WORKER HOURS IN THE LIFE CYCLE™

» Direct jobs.- Jobs provided by a project

» Directinduced jobs.- Jobs provided by a supplier
and created to serve the project

* Indirectinduced jobs.- Jobs provided by the
supplier of a supplier to develop an input for the
project

« Secondary jobs.- Jobs created incentivise
consumption creating in turn other jobs

12. Pillain, 2019

A = aij = Xij/X]

A: Matrix of technical coefficients

= aij: Technical coefficient of a sector by total sector
output

Xij: Quantity of monetary units from sector (i)
necessary to the sector (j)

Xj: Total monetary output of sector (j)

f=S(I-A)?

f: direct and indirect worker hours to produced one
monetary unit

S: social matrix in hours per monetary unit

I: identity

A: technical coefficients matrix




Project funded by the European Union with the number 101060546 (CALIMERO)
Funded by the https://calimeroproject.eu/

European Union

Concept scheme

SALIMER® e

CASE STUDIES ANALYSIS 9‘ 4 NEW SUSTAINABILITY ASSESSMENT METHODOLOGY v?

g

'\Q D:l% @ Rural Life Cycle Assessment (LCA)/ Impacts assessment &
g 4 Product Environmental Footprint (PEF) trade-offs

GOnSt etion f-» Local scalek” @ Urban o of bio-based processes from
o’ > )‘j \ @ Coastal GHG emissions case studies
S 4 { | s
= 2 g . Emissions to
X 7 i i
g | International scale 1 s
© Woodworking 07 - (Lcc)
@ ~ ater & energy use
R | . EXAMPLES : . cvex
& > esource efficiency ,
S Textiles © — OPEX (@)
© g B Disposal costs e
@
2 Pulp &paper Info source | Biodiversity . “‘“"‘f:s_ccfc‘:

ssessment

<O

Contact with :
industry

E) Literature

5820

a

Biochemicals '\g

Ecosystem services r’ | | Working conditions r’ﬁﬁ‘

Health & safety @

BEST SOLUTIONS 7 RECOMMENDATIONS

Identification, evaluation Assessment of Guidelines to improve
i 4 P the environmental
N %}iﬁl:::yn;t;:tt;:;;—"i\J op o |t§r|ng E performance of industrial
procedures

7 bio-based processes and
4 GHG emissions J, Toxic subst. monitoring

2 5

Datalnventory
on the environmental
performance of
industrial processes

Disruptive software

for design, simulation and

optimization of industrial
processes at different

scales —T
Optimization
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Project funded by the European Union with the number 101060546 (CALIMERO)
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Implementation

INDUSTRIAL DATA METHODOLOGY BEST SOLUTIONS FOR
SUSTAINABILITY
Nyenl CASE STUDIES ANALYSIS DEVELOPENT SR

szinabiliy experts 7 d I_ Simulation DTU

Hotspot lysis to identify the expert ;;
otspot analysis to identify the p §§ ‘,

Industrial case studies
Provision of environmental

inputs and outputs and £ most polluting production lines & Sustainability i
economic data from all the % within each sector and key levers : experts Slmu|ah$r‘[ oqut.)fenhal P Sustainability
ite cycle stages ¥ to improve sector-specific and it if:;rz?eamle:zs experts
i cross- secfor|a| sustainability & ﬁ' @ vl £ duciisimaciasinsonssinsenscnsonsessssasesas 3 ¢

@ “ Blodiversit s«.h(:nI-uY-u T L S * |denflflcuhon @ 'vl

P d el Moo LI :: of solutions  somey
: ECIA R $ expert 5T ( z
cese 7\ % % LI Development of a MOO Evaluation
g % for'. ‘ ‘I' ConEacs;tmicqa £ Ecosystem ) _Frome.work to consider  :: of ‘i"contqcﬁk&a
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> Monitoring
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: st e 2 simulations : best solutions
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DATABASE COMPARISON (EXAMPLE)

Life-cycle jobs Databases comparison
» 30-35%

700

600
3
= 500
B 400
]
8 300
% 200
c
100
0

Total jobs - Pumice

mPSILCA mEXIOBASE




SKILL-LEVELS (EXAMPLE)

Life-cycle jobs per jean » Skill-level

0.0025
‘T‘é’ 0.002
S ' m High-skilled female
@ 0.0015 ® High-skilled male
=} ® Medium-skilled female
"é 0.001 # Medium-skilled male
2 m Low-skilled female
£ 0.0005 # Low-skilled male
c

0

Total Pumice




REGIONALIZATION (EXAMPLE)

Country contributions to job creation production with pumice

100% E—
o, [
-
70%
60%
50%
40%
30%
20%
10%
0%

Chemical inputs Pumice stone Electricity Solid waste disposal
mTurkey mIndia China France m®mRussia ®Argentina
m UK m Germany mRomania m USA m Others

>

>

PSILCA

Job creation by region

LISTS)



OUTLOOK

> Data quality

> Health [1 Human toxicity of different chemicals workers are exposed to along the value chain using
USEtox.

> Physical hazards [| Rate of accidents in the plastics and construction sectors.
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N R2M Solution

Why the predictive maintenancee

How to avoid the I-|I10w to reducef How to manage
breakdown  of f e. :audgei 7° building in more
building assets? mdainienance smarter way?

Distribution pump 2 in the

" et S One solar

? heat dleI‘IbUi‘!OI‘I circuit shading

is not more working blind’

We pay higher cost The cost for maintenance are oior s
for maintenance higher from one year to another not more

One opening working
window motor from 1

month

is not more
working

oo



w R2M Solution
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What is the predictive maintenance?¢ N

Predictive maintfenance uses data analysis to identify operational anomalies and
potential equipment defects, enabling timely repairs before failures occur. It is
often based on sensor and meter data.

A

N

N

- Using algorithms of

2 o prediction and machine
ols learning techniques
El|S

8 = Preventive Scheduled

maintenance maintenance

_ _ After a
Reactive maintenance breakdown




&~ R2M Solution

Challenges of predictive maintenance

Predictive maintfenance uses data analysis to identify operational anomalies and
potential equipment defects, enabling timely repairs before failures occur. It is
often based on sensor and meter data.

Sensor 'RehablhtyIRe51stance UpTront

P051tlves Costs LegaCYInltlal

Vendor. ks Culture ACCUFaC
Asset
| l False

U t t
Quallty Expertl ncertainty

Tralnlng
ems

Risks

Complex1ty

Lﬂ

e Skl]. qu1rements

agement
Integratlon

lection:

gatlvesl
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\ PREMISES |

Predictive maintenance for energy optimization .~

» Most deviations —-—-—-.-:m——-r

Involve over-
consumption.

» Anticipating
deviations . ' L
automatically ol {
Increases the energy
performance of
Installations.

» Contextualizing data
IS the only way to
Interpret it.

SetPoint TempExt % Value Power % Alert
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Objective, innovations, KPIs

PREMISES reimagines smart building management by intfroducing a groundbreaking
approach to HVAC predictive maintenance and energy optimization. Traditional
systems offer data without context, while PREMISES introduces decentralized contral,
seamlessly integrating self-learning Al algorithms with loT devices. This approach
promotes cooperation among building equipment, enhancing energy efficiency,
reducing costs, and improving comfort. Inifial focus will be on industrial buildings.
PREMISES targets a shift from TRL4 to TRLé through lab testing in a small building.

Key innovations:
® Duration: 9 month ® Low installation costs
reen. * monins @ Eificient infegration with existing systems

@ Budget: 50ke . . :
@ start date: 1st April 2024 :g\g?gﬁ?]gs??vaeegrr?glmemnce

@®End date : 31st December 2024
@SRl score enhancement
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Architecture of PREMISES solution

f\g .
Architecture
PREMISES
Cloud
Ability to A /B
break free BMS
from the cloud|, 1 P o
/ \
Box /
€ BMS
A 7
7
Bacnet IP or Modbus TCP network
7 T
” i
Controller 1 Controller 2
7/ ~ 7 ~
7 N 7 N

o
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Algorithms and KPIs

o)

ControlLoop
algorithm

example of an algorithm : Actuator drift detection

Back to
normal
MeterSystem el
Igorith
a gOﬂ m Conso_real week
150
03 mai 2022, 22:56:59
1000 @ energy.meter.compresseurl cl: 4,28
energy.meter.compresseur2_c2: 4,74
@ energy.meter.pompe_c3: 175,72
750 energy.meter.vent_reprise_c4: 340,91 100
v energy.meter.vent_soufflage_c5: 653,98
so0
a"l
...... 50
250 | _onlNTO-
l".
.....
0
27. Avr 28. Awr 29, Avr 30. Avr 1. Mai 2. Mai 3. Mai 4. Mai 0800 16:00 1. May 08:00

energy.meter.compresseur2_c2
energy.meter.vent_reprise_c4

@ energy.meter.compresseurl_cl
@ energy.meter.pompe_c3
® energy.meter.vent_soufflage_c5

27. Apr 12:00 28. Apr 12:00 29, Apr

drift without
Procedure |

12:00

o

3 KPIs:

1 Algorithm reliability: up to 85%
2 ROI: <1,5 years
3 SRI score improvement: >15%

Virtual

/Rul
16:00 2. May 08:00 16:00 3. May 08:00 16:00
30. Apr 12:00 1. May 12:00 2. May 12:00 3. May 12:00 4, May



Demo building

Location: South-East of
France
Area of building: 1100 m2

Age of building : 2019

Use of building: office +
manufacture + warehouse

- Number of floors: 2 +

0 R2M Solution

R L R

basement
Number of users: 35

-

(8}

s

|
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Project workplan

Technical requirements, installation and implementation:

o Selection and installation of the required loT devices
o Setup of Home Assistant and Windows with the Oris BMS on the server

o Connection of all equipment via MQTT, Zigbee and Modbus-TCP

communication protocol
o Implementation of the Al-driven algorithms

Lab testing:
o Al-driven algorithms setup

SRI analysis:
o SRl assessment of pilot building realized
o SRI results analysis, recommendations and simulation performed

KPIl’s assessment.
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‘; PRE;HSES]
Smart Readiness Indicator (SRI) initial score N

-

Total SRI score @ Energy performance and operation ‘ 32.4%

C Response to the needs of the occupants ‘ 29.0%
AT A

-
Energy flexibility (including demand o,
response) 54%

7 IMPACTS

U U Il

Information to
occupants

Energy efficiency Energy flexibility Comfort Convenience Health Maintenance

R2M Solution

—_
—_

Heating 34%
DHW 47%
Cooling 29%
Ventilation 12%
Lighting 23%
Dynamic envelope 2%

Electricity 56%
eVehicle 0%

M&C 20%
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Smart Readiness Indicator (SRI) improvements

SRI score improvements recommended:

1) Equip the building with loT sensors for measurement of ambient parameters (T, RH, IAQ sensors) and

implement a BMS of classes B or Ain order to:
1. Centralize monitoring and control of all building technical systems (heating, cooling, ventilation, DHW,

lighting and electrical outlets).
2. Implement building management based on real-time data from local weather station to be installed.

3. Collect next-day local weather forecasts to prepare the predictive control of building systems.
2) Implement a PREMISES solution for predictive maintenance of HVAC systems.
3) Provide flexibility capabilities by connecting BMS supervision server to electrical grid signals (RTE,
Enedis) via an API allowing to adjust HVAC operation based on grid status.

Optional Measures:
* Install renewable energy production systems (PV panels, solar thermal, mini wind turbines)

with storage.
* Connectthese systems to grid commands (RTE, Enedis) via an API.
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Installation and implementation of loT

/ Web interface

] Server smart-Box
A‘ .
~n ] A .. Modbus-TCP .
t .. HVAC unit
! Home mosavitto Windows
i ) Zigbee Assistant with Oris
' " gateway BMS
12 temperature
and humidity E-mail
sensors
Cloud
r==—=—====¥y======= |
40 smart plugs
PEES ™ o | «f( n» A
(((“\))) : ? PREMISES :
: mosauitto I
|

Motion
sensor PREMISES server
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Smart Readiness Indicator (SRI) analysis

‘ 22.28%

Total SRI score

C

Energy performance and operation

Response to the needs of the occupants

Energy flexibility (including demand
response)

e
r

32.4%

29.0%

k Energy ﬂex'blllty

5% 31 %

R2M Solution

Convenience

@
\ 19% /

Maintenance

26%

Heating

DHW

Cooling

Ventilation

Lighting

Dynamic envelope

Electricity

eVehicle

M&C

RI of the building in its current state with scores by main functionality
nd detailed scores by domain and impact criterion

‘(B

Information to
occupants

37%

Simulated SRI of the OSMOSE building with recommended i

improvement measures

o

4

Total SRI score

Energy performance and operation

Response to the needs of the occupants

Energy flexibility (including demand

‘ 57.2%
c 47.7%

5.4%

ligence

response)

2® | |hh
gy flexibility

Information to

Maintenance
occupants
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Main outcomes

The PREMISES predictive maintenance associated with loT measurement devices installed in a non-
residential building without TABS impacts mainly detecting faults of TBS SRI service and reporting
of performances services associated to Heating, Cooling, Ventilation and Monitoring&Control
domains. The impact of PREMISES solution is equal to 14,48%.

The technical domain of Monitoring&Control is the mostly impacted by proposed measures. Its
associated SRl score raised up by 33%. This is followed by Ventilation domain whose score is raised

up by 14%.

The SRI criteria the more impacted by improvements proposed is the Maintenance criteria, raised
by 42%. It is directly related to the predictive maintenance functionality of the PREMISES solution.
It is followed by Information to occupants and Convenience criterias, raised by 23%.

The optional measure related to connection of technical building systems (heating and cooling) to
signals from grid in order to provide flexibility control based on grid signals has a big impact on the

SRl score, +11,63%.
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Increasing transferability for automated
fault detection and diagnosis in HVAC
systems through a hybrid Al methodology

Nicolas Réhault (Fraunhofer ISE)
Sebastian Dietz (University of Luxembourg)

Sustainable Places Conference 2024

25.09.2024 Sustainable Places Conference 2024
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ISE UNIVERSITE DU
LUXEMBOURG

« Background and objective
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Background and objective Z Fraunhofer ( il

« Building services operation is often degraded by
faults

« Automated fault detection and diagnosis (FDD)
can save up to 20% energy

« High implementation and parametrization effort
required for FDD methods

» Improving the transferability and quality of FDD
through a hybrid Al method based on a rule-based
system combined with a machine-learning
based residual generation
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* Features
» Extensive set of "if-then rules" for HVAC systems

« Automated discovery of data points and plant
topologies based on unified semantics

« Advantages
« Simple and comprehensible implementation
* Immediate diagnosis
« High specificity if parameterized correctly
» Drawbacks
* Rich in parameters — high parametrization efforts
» Low sensitivity (no detection of new faults)
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MLP Networks & hyperparameter tuning Z Fraunhofer ( il

« Transformation of the input data
into a sliding time window (2h) )| o

« Creation of separate MLP network
models for each estimated variable (n
Inputs, 1 output)

* Regression for continuous variables
« Classification for discrete variables

1 1

Input Layer i Hidden Layer(s) : Output Layer
1
1 1

« Bayesian hyperparameter optimization
(e.g. hidden layers = 3-6, neurons per layer = 24-552)
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Single scores
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supply air temperature

exhaust air temperature

control signal of fan

Sum of scores

Fault detection result (yes / no)
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« 9 different air handling units (AHUs) from 3 buildings (2850 m3/h - 6000 m3/h)

Primary school Hohen Maison du Savoir Anonymised boarding
Neuendorf (PSHN) (MSA) school building (ISC)

m,__;;;_f__ j?:]rj"' >
4_*_ _+:_ l ;._ __4
« Combined natural & mechanical « University of Luxembourg « Supplying a theater hall (AUD2)
ventilation - Supplying lecture rooms (AUD2 Jlaboratories (AUD8) and
- Supplying classrooms (FLA, FLB) AUD7, AUDS) accommodation areas (AUD17)
and a sports hall (SPO) - Supply and exhaust air systems, heat Supply and exhaust air systems, heat
« Supply and exhaust air systems, recovery wheel, heating coil and recovery whe(_el, heating coll,
plate heat exchanger & heating coil adiabatic cooling adiabatic cooling for AUD2
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Residual-Modulus with and without filtering of faulty states in the training data

Relative frequency
© o ©o o
o o — —
[#2] oo o %

§

0.02

0.00

B ohne Filterung
Bl mit Filterung

-

0.15 0.20

0.10
Residuals in faulty state for Tsy,pair.after HrC

0.00 0.05

Relative frequency

o
oo

o
o

=
.

o
ho

o
o

mm ohne Filterung
- B mit Filterung

I 1 I 1
0.0 0.2 04 0.6 0.8 1.0

» Rule-based pre-filtering of the training data increases the quality of the
residuals in the event of a fault
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Volume flow with
closed heating coll
valve signal indicates a
leakage

Limited data availability
prevents the fault from
being detected by the
rules (supply air
temperature upstream
of the heating coil is
missing)

Fan operation and dampers closed
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High duct pressure with
closed dampers
indicate fan operation
(although the control
signal = 0)

Consistency of both
methods shows high
confidence in the result

13



\

Fault detection performance Z Fraunhofer | INI.|I

ISE UNIVERSITE DU
LUXEMBOURG

W Scoring-Methode
B Experten-System

FLB

SPO

AUD2

AUD7

AUD8

CTAQ02

CTAO8

CTA17

20 40 80
Fehlererkennungsrate (FDR) in %

25.09.2024

100

Residual generating approach versus expert system

» Higher sensitivity of the residual generating
method

» In case of bad training data or changing
boundary conditions, risk of high FARs exists

» Detection of novel faults for which no rules are
implemented, or rules can’t be implemented due
to data availability

» Combined application increases the FD
performance
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A Hybrid Al methodology for FDD in buildings based on rules & ML-techniques

« Highly automated / low implementation effort @
oA
« Easily transferable to new systems |—|| = 3
nlein (LN BN
 Increased FD-Performance @
 Limitation: Requires re-training if boundary @
conditions change (e.g. set points)
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Nicolas Réhault (Fraunhofer ISE)

nicolas.rehault@ise.fraunhofer.de

Sebastian Dietz (University of Luxembourg)

Sebastian.Dietz@uni.lu
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