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Foundations for model-based industry ecosystems

Customer, End-User

Model-based industry ecosystems
impacted by Standardization on
Circular Economy for sustainability
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Infrastructures, blockchain, cybersecurity, reference data
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Business models
LINEAR RECYCLING CIRCULAR
ECONOMY ECONOMY ECONOMY
l Waste Closin
» » Q » ;
management the loop
@ Design out waste and pollution,
Keep products and materials in use,

Regenerate natural systems.

Source: https://www.ellenmacarthurfoundation.org/
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Let’s consider the circular life cycle of product in a system...

e Circular economy modifies the life cycle Product
representation to combine the user and Product Raw material
the manufacturers' points of view... pesten @

Product @ Product

Raw materials

Product

design

Waste
management CIRCULAR
Collection & ECONOMY

recycling

Production

Remanu-
facturing

Consumption

Residual Use, re-use, repair
waste

...for sustainable ecosystems

manufacturing

Product for
sale

.' Use

Refurbishing
(Maintenance
Repair-Upgrade)

Re-use .
End of life

Material circularity
Waste to 1
jandfill | @ /

End
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Let’s consider the circular life cycle of product in a system...

e Circular economy modifies the life cycle
representation to combine the user and

the manufacturers' points of view...

Raw materials

Product

design

Waste
management CIRCULAR
Collection & ECONOMY

recycling

Production

Remanu-
facturing

Consumption

Residual Use, re-use, repair
waste

...for sustainable ecosystems

Product

Product @ @Raw material
Design

Product Product
manufacturing

Product for
sale

Refurbishing
(Maintenance
Repair-Upgrade)
Re-use

Waste to
landfill
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Let’s consider the circular life cycle of product in a system...

e Circular economy modifies the life cycle Product
representation to combine the user and Recycling / Product .

' . . Recovery . Raw material
the manufacturers' points of view... )

Product

; Product
manufacturing

Raw materials Product for
Product

design

Refurbishing
(Maintenance
Repair-Upgrade) ®

Waste
management CIRCULAR
Collection & ECONOMY

recycling

Remanufacturing

Production End of life

Remanu-
facturing

Residual Consumption Waste to Material circularity
esidua - i 3

waste =S e se RepA landfill .
End

...for sustainable ecosystems
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Let’s consider the circular life cycle of product in a system...

e Circular economy modifies the life cycle Product System related
representation to combine the user and Recycling / Product e mraterial ' product
the manufacturers' points of view... Recovery pesten % @

% System
Product Design

Product
manufacturing

Raw materials
Product Product for

design

Refurbishing

(Maintenance (
Repair-Upgrade)’
Re-use

Waste
management CIRCULAR
Collection & ECONOMY

recycling

Remanufacturing

Production End of life

Remanu-
facturing

Residual Consumption Wasts 1 Material circularity
esidua - i

S Use, re-use, repair landfill ]
. End

...for sustainable ecosystems
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Life cycle for circular design

EU Standards for Material Efficiency Assessment
of Energy-related-Products

Terms and definitions related to material efficiency of ErP
Method for assessment of durability (including reliability)
Method for assessment of ability to remanufacture

Methods for assessment of ability to repair, reuse, upgrade
Methods for assessing the recyclability and recoverability
Method for assessing the proportion of reused components
Methods for assessing the ratio of recycled material content
Method to declare the use of critical raw materials

Methods for providing material efficiency information

EN 45550:
EN 45552:
EN 45553:
EN 45554:
EN 45555:
EN 45556:
EN 45557:
EN 45558:
EN 45559:

Longer lifespan is supported by implementation
of digitalized products and systems aiming
optimized asset management.
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System related
to product

Product

Market drivers, Voices of customer and
stakeholders, regulations

System planning

Product Conceptual design

Recycling /
eco-design

Recovery

System eco-design

Parts Part

—Etrlﬁf;gfggturing EN 45557 System sourcing
FlEnasssa] 7 ' :
Product System analysis

Assembly

manufacturing

System platforming

System
documentation

EN 45558
EN 45559

EN 45552
End of life

Remanufacturing

[En 45553

Recycling / Recovery [EN 45555 |

Material circularity

Waste to
landfill

'

End
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Extended Life cycle for circular design Product  System related

Product market
drivers, Voices of to pl’OdUCt System market
customer and drivers, Voices of
stakeholders Raw customer and
regulations BEEIM material stakeholders,

@ regulations

System plannin,
Product sourcing ¥ 5 £

Conceptual design

Parts

manufacturing System eco-design

Longer lifespan is supported by
Implementation of

Recycling /
Recovery

Product

Assembly .
manufacturing

System sourcing

System analysis
System platforming

Product
documentation

digitalized products
and systems

Procurement

Distribution: -
Transport, Storage

Construction ==
Product installation,
System integration
Commissioning s

Recycling / Recovery

aiming optimized asset management
and environmental footprint reduction.

efurbishing .
(Maintenance-

Y
e

Repair-Upgrade

Lifetime extension

(o)

End of life

De-installation
Dismantling

al circulari
-

ﬁfh Waste to
landfill
End
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How to transform waste into resource based on dependability?
How to accelerate services, because dependability would become more contractual ?

Remanufacture
(See IEV 904-04-10 and glossary)

Reuse or
Refurbish

r

Reuse or Refurbish

(See IEV 904-04-10 and glossary)
v
v 2
- (¥s] —d
Re-use e
o w
Conditional -
. . Normal use (See IEV 871-04-22)
probability of
failure

(See IEC 60300-3-11)

Operating period
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Use phase — Services - Maintenance

Environmental Usage conditions

conditions *Load

*Salty atmosphere Operation duration
ISO 55001 / 55002 Temp Lver voltage

*Humidity... *Nb of operations...

IEC 60300-3-1 Dependability centred eyt pae,
: d dati d Evaluate the
IEC 60300'3'11 maintenance SARSa S degradation
J it level for each
Statistical degradation
~N model ode
predictive maintenance _ Eualuate the
) failure mode
N
. . Analytic Network Sensors
Condition based maintenance _

Self powered
’) TigBee
C, Alliance ‘

Preventive maintenance

Reactive maintenance

Sustainability needs optimized asset management where system
constraint and risks classification help for decision making.

_ or

Battery powered

e
Ageing
assessment
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From the user needs to sustainability

*IEC GUIDE 109
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Product concept/need
“what for”

-Function
-Performance

—, -Safety and health

Improvement

strategies and
techniques

- Resource
conservation

- Energy
conservation

- Prevention of
pollution

- Avoidance of
waste

|

-Cost (Life cycle cost)
-Environmental performance
-Regulation

-Digitization and Interoperability
-efc.

Product

standards Trade-offs

N
Product design
“how to”

- Mission profile & servi
- Energy efficiency & R

- Matenal selectir

2

- Material effir’ \\
Update, 1" "v Q°
Maintel. g Q)(\
Remanufa. 6‘2’6\

- Disassembly o

- Risk assessmem. ¢

- Dependability optin..zation

-Materials
-Energy

v

Product life cycle in

its system
Recowry  Procuc
Desgn Design

Production

Support/

Senvice Utilization

Refurbishing
i

- Products
- Air emissi4

N

Environmental impact

Global warming

Ozone depletion
Acidification of soil and
water

Eutrophication
Photochemical ozone
creation

Depletion of abiotic
resources - elements
Depletion of abiotic
resources - fossil fuels
Water Pollution

Air pollution

Resource use

Use of renewable primary

Use of secondary materials
Use of renewable secondary
fuels

Use of non-renewable
secondary fuels

Net fresh water use
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Standardization and Circular Economy

From Environmental constraints and user needs to circular Economy for sustainability

*IEC GUIDE 109

s

Resource Conservation

> (Material + Energy)
Protection

(Waste + Pollution)

“what for”

T

Product
standards

uct concept/need .

il

*ECD
* Digitization

Input

Product life cycle in its system

(&
3

Recycling
Recovery

l

Service

Refurbishing

Production

Utilization

\
- Digitization ! >

Remanufacture

Resource use

Q

*LCA
* Digitization _
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