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Figure 1: Recycled thermoplastics chain proposed [21].
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S— Economy perspective
Circular space system p “ Circular Earth system
4 4
* Maximizing the efficiency of M- and E-loops to: ¢ Maximizing the efficiency of M- and E-loops to:
* allow long term space travels  minimize the use or resources and the
* keep the crew alive and in good health environmental impact

* while maximizing the economic performance
on the entire life cycle.

e Impacts (like pollution) on the ‘external world’
(space, the Moon or Mars surface!) are ‘not’ an
ISSUE * Environmental impact = as much important as

the economic performance... depending also

on sustainability paradigm — weak or strong —

e Economic issues are predominant during the chosen
design of space systems but are not a criterion to
consider during the missions themselves.

* + social dimension!
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Historical engineering tools

* Material Flow Analysis (MFA)
is a systematic assessment of the
flows and stocks of materials

within a system defined in space
and time [MFA Handbook 2004]

* Life Cycle Assessment (LCA)
is @ compilation and evaluation of
the inputs, outputs and the

Analysing 1p ‘Materials: SCR Filter System R'; IMemod:Ra.:i:;MvdDOi;(H)VlvU3/ELITDDeRECiPEH/d’Iaractensanona _um u|a”‘| |||_||||9|. rOCESSir _ &o--
potential environmental impacts Rt dﬂiirffuw wﬁé’qa"b"é'&ts 2?3:&2;‘}525‘;1?.% arowe) fotaurge
of a product system throughout “ ey P 43 I
its life cycle [ISO 14040:2006) anititDioxyde ———= R

3. Recycled (90 %) Stainless Steel
4. {Tungsten, Vanadium}
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Circularity Indicators (C-Indicators)

* Increasing development since 2010s

Sustainability

Sustainability

* C-performance = resource use, resource loss,
renewability, etc.

* “However, due to the intrinsic focus of CE on value and

material preservation, most of the proposed methods @FA‘S%’,&%*A? A

focus on measuring material consumption, with o s

recycling being the most dominant CE strategy ol S | —

considered. Additionally, the challenge lies in | @’ e encees i M | [Ellen McArthur

measuring the social dimension, which remains e = 0 iy Foundation 2015]

largely uncovered by the proposed indicators and @ )

methodologies.” [Kravchenko et al. 2020] I ®)
v i oo

Cambined Material Circulasity Indicator
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Circularity Indicators (C-Indicators) Levels Definitions Examples
Different Levels of CE Measurement:
) _ ) Macro City, province, region, 19% of the UK economy
e Real vs. Potential Circularity nation, society is circular in 2010
* Consequential vs. Intrinsic Circularity
e Units (kg; S; J’. ) Issue - Single VS. Multiple Meso Inter-.entrepri.se‘ Indicators used to assess
. Industrial symbiosis the EIPs performance
Indicators
* Usages (Assessment, Improvement,
Managerial, Benchmarking, Communication) _ Single company Input-Output Analysis in
Micro Products the manufacturing
* + Distinction of Circularity Loops, etc. Materials process
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Circularity Indicators (C-Indicators)

to monitor and improve the circularity of a
product, company, industrial value chain,
territory...

Online platform to select C-indicators:

http://circulareconomyindicators.com/

Joumnal of Cleaner Production 207 (2019) 542—-559

Contents lists available at ScienceDirect

Journal of Cleaner Production

journal homepage: www.elsevier.com/locate/jclepro

Review
A taxonomy of circular economy indicators m)
Sy

Michael Saidani ", Bernard Yannou ?, Yann Leroy °, Francois Cluzel ?, Alissa Kendall b

2 Laberatoire Genie Industriel CentraleSupélec, Université Paris-Saclay, France
bp of Civil and i Engineering, University of California, Davis, USA

o Circularity Indicators _ The Advisor

e , Target the Right C-Indicators ,
Unlock the C-Potential of your Products

The C-Indicators Advisor (CIA) The CIA Web-based Tool The C-Potential Indicator Tool Publications Contribute Contact

Monitoring the circular economy

All the indicators and tools you need!

The C-Indicators Advisor: the tool to select and implement the right circular economy indicator(s).

The C-Potential Indicator: the tool to unlock and track the circularity performance of your products.

To go further and know more about the challenges related to measuring and advancing the circular economy at different scales (materials, products,
companies, systems, regions, countries), check out our latest publications.

You are aware of a new circularity indicator? You are developing a new one? You have tested some of them? You are looking for a particular indicator or tool?
Let us know your progress or needs, and contribute to the sharing of knowledge fostering the circular economy transition for a more sustainable world.

l.Gl. o ) ea0ms  université [Gi‘_

CenraleSupglec PARIS-SACLAY
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Digitalisation for Circular Economy

CIRCULAR ECONOMY

Nexus of circular economy and sustainable business performance in the era How digitalization can help build a circular
of digitalization economy eCOSYStem

Rohit Agrawal, Vishal Ashok Wankhede, Anil Kumar, Arvind Upadhyay, Jose Arturo Garza-Reyes

International Journal of Productivity and Performance DOWNLOADS Aug2s,2022 0 E th |
Management ne ar
I3SN: 1741-0401 Procedia CIRP CelPre
Article publication date: 1 April 20271 & Reprints & permissions Vol 64. 2017, P 1924 .
lssue publl’cation date: 15 February 2022 : olume 0%, s FABES Volume 4, Issue 6, 18 June 2021, Pages 783-785
CClT_"nEn:Ql'}'
The Emergent Role of Digital Technologies in the Toward a circular economy: The role of
Circular Economy: A Review % digitalization
. 19 = ksl 2=
Aris Pagoropoulos & B, Daniela C.A. Pigosso, Tim C. McAloone Annika Hedberg " A &, Stefan Sipka *
Sh
Show more v mere v
+ Add to Mendeley o Share w®9 Cite
+ Add to Mendeley «2 Share 93 Cite
https://doi.org/10.1016j.0neear.2021.05.020 Get rights and content
https:/doi.org/10.1016/j.procir.2017.02.047 Get rights and content Under an Elsevier user license ® Open archive
Under a Creative Commons license ® Open access
Although not actively recognized, the ongoing digital transformation can serve as an
enabler and even as a catalyst for creating a circular economy. It is time to build on
this potential and create a digital circular economy that can benefit people,
businesses, and the planet.
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NUMERIQUE

Digitalisation for Circular Economy

DES TERRITOIRES ’

A " s v '
o L L\ ‘A - A8

e Current tendency: digitalisation of territories — A

and value chains

lllllllll
sssssssssss
AAAAAAA

* Examples: in France, Program for the Digital

Transformgtmn.of Terrltorles' in June 2021.: « a R
smart territory in which services and public Riskiiluhesshr

policies are monitored by data, thanks to T &!
diverse digital tools » i W

B N\ | SroBEL




@it | Towards a simulation platform for circularity

& performances

Launching of the CircularIT Alliance

* Quantify, improve and monitor the
circularity and sustainability
performance of industrial systems
and territories

* Objective: develop a methodology
from the diagnosis of key activities
of an industrial company or a
territory to the deployment of a
digital platform to monitor and
improve circularity and
sustainability

@) i A
r “université

c I R c U L A R CentraleSupélec | PARIS-SACLAY

LE NUMERIQUE AU SERVICE
DE L'ECONOMIE CIRCULAIRE

System>x

—| Décomposition du systéme (Chaine de valeur industrielle, Territoire) en activités ’7
@ Gouvernance Eg Mobilité @ Energie gj} Gesggghﬁz Aménagzrrr:)ea\ri:: m Agriculture Industrie

Cycle de vie Cycle d’Amélioration et Tableau de Bord Modele d’indicateursde |
des données des Activités et du Systéme circularité et soutenabilité
? Vision par activité Vision indicateurs / métriques

Vision science des données @j @J g@j‘ K}@j‘ S 5 » wd

v E £ =t S5 3

o 29 L3 2E

Gestion des Aménagem =3 b= o S8 O o

déchets ent urbain Agriculture Industrie ‘ b o 2 E 2@ = ~§

- v

\ 4

? s
@ Agrégation des données et indicateurs G e
J,_oj, au niveau systéme : Entreprise ou Territoire
s ) | oy
Analyse et — -
Modélisation Vision systeme

Visualisation ‘

Zoom In/Out
Vision Systeme de Systémes (SoS)

Simulation

VI N —
Dissemination information

Aide a la décision -
. Sur la chaine de valeur / un Dept de l'entreprise
Sur une partie du territoire / Plusieurs territoires

Rebouillat, V. (2019).
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|

Scenarios DECISION SYSTEM : ALISSE Global evaluation Level (OSCAR’s Brain Level) VA RS'TY

Definition Run a mission scenario, System decomposition into requirements ,System evaluation and comparison

Users ﬂCoordination, Configuration

SOLIBIN >

@ eSsa Dealing with INFORMATION SYSTEM : ALiSSE Resource level (OSCAR’s Brain Level)
) 7 S request and Energy, Matter & Flow Management .
ThaleSA'S%';"CE configurations Metrics
calculation
Goals . Reference model Control of the global loop
* Interactions & Flow management . .

- system . < »  Currently not existing for the

) * Thermal and electrical energy management .
Ui : lobal dynamic loo
- technological * Resources Calculation g y P
designers

Inputs . Control variable Models
- Environment calculation calibration
- Mission

assumptions
- Crew induced
metabolic loads

< control ]
| VTFSETTER
V]

- Crew time
allocation OPERATION SYSTEM Technological level — based on OSCAR 6 layers - Physical, Chemical, Thermal, Process modelling :
- System potwer Lm Chemical & Process models Metabolic i CLIU‘ Kinetic transfer aspect (& ENGINSOFT
ermont .
reqUI!’er.nen S Rt eta 0_'C ow Auvergne  what is limiting & what is the main actor : Physical & Thermal Model
— Logistics cl t STATIC Matlab Simulink calculation tool
hypothesis Awergne | models with manual links DYNAMIC Matiab (&) ENGINSOFT
~ o . DYNAMIC Static CFD models
* Simulink material | SE CFD models A\ * Temperature
balance models | Input/Output | . Press
STATIC process simulators tool — o flow models ression .
(ASPEN, Gprom, ProSim) Potential incompatibility in a common platform / * Piping & Pneumatic
different interests
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S Earth syst
,”p pace or Earth system @

— -‘ composed of Modeling

N .. technological bricks tools
T 1. 1 or key activities

Dynamic circularity N

Performances to m
—

close/slow the loops

of material and energy
Dynamics

- Systems Engineering domain

Circular Economy domain



il Perspectives to bridge the gap between

-

- Systems Engineering and Circular Economy
Systems Engineering .*t % Circular Economy
« Complex and heavy processes H<® | ° Considers more and more complex systems

_ * large value chains, territories, multi-stakeholders...
* Necessary to design complex systems

* Lacks of rigorous processes and tools when
* Still « reluctant » to successfully integrate complexity increases

environmental aspects * Integration of tools like MFA, LCA, C-
* Most of the time mono-criteria or on a limited Indicators...

scope

- Gather together experts from both disciplines to make complex engineered systems
much more circular

- Simulation platform for circularity performances
- For space systems: foster collaborations within the MELISSA ecosystem?
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