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. 1. Circular Economy and Circular Supply Chains: an introduction

3. Mathematical formulation, simulation tool and application to the washing
machine industry

. 2. A Framework for assessing the impacts of Circular Economy scenarios

. 4. Discussion of results, implications and key takeaways
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BRESCIA
(AND UNIVERSITY OF BRESCIA - UNIBS)

CORRIERE DELLA SERA

Industria, Brescia prima provincia
d’Europa: vale 10,1 miliardi

Al secondo posto Bergamo, poi la provincia tedesca dello Wolfsburg 88

« Metals

« Automotive components
« Textiles
« Electronics

« Steel, aluminium, brass...



H‘wst. 3 RISE LABORATORY
Bu (@UNIBS)

Our competences areas A

RISE - Research & Innovation lor Smart Enterprises — www.rise. it




RISE LABORATORY
(@UNIBS)

UNIVERSITA
<-4 | DEGLI STUDI
.4 N7 | DI BRESCIA

4 University Areas:
Economics
Engineering
Law

Medicine Our competences areas A

RISE - Research & Innovation for Smart Enterprises — www.rise.it




UNIVERSITA
DEGLI STUDI

8 K7 | DI BRESCIA

4

University Areas:
Economics
Engineering
Law
Medicine

- RISE LABORATORY
(@UNIBS)

Rise LAB Vision: we believe that the supply chain of
the future will be circular, digital and servifized.
Therefore we focus our research and dissemination
activities mainly towards these three themes.
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TODAY’S ECONOMY... AND ITS LIMITATIONS

The currently most-adopted production and consumption model is

LINEAR

PSS . O T e ——————— .- . . O T T O T

i

Product

Sales and
distribution

assembling

Raw Material Components
Extraction manufacturing

3. Resources availability 1. Waste generation
2. Climate Change
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Generation

1. WASTE GENERATION

. Resources availability

Globally: 50 million
tonnes of e-waste
each year

E-waste: Furniture: Textiles:
i1l : 9 million tons/y in EU 1 truck / second
€ 48 Billion/y in EU% Yy e

Equivalent of almost
4.500 Eiffel Towers

Biodiversity loss Emissions Pollution

m European
Commission
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. Waste Generation

. Climate Change
. Resources availability

Climate change ht

We have 12 years to llmlt cllmate change
catastrophe, warns UN &

. 1o TISKS
1emtur25, rising
\!
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. Waste Generation

3. RESOURCES AVAILABILITY @ o

. Resources availability

Born in 2010: How much is left for me®

'I|||Z.|‘.1-."-".'-"|.'."-'.' vidanderen-circulair belnl
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3. RESOURCES AVAILABILITY

. Resources availability

Born in 2010: How much is left for me®

What you need to know about the global
chip shortage

'I||F.|‘.1-."-".'-".'."-'.' vidanderen-circulair belnl
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. Waste Generation

3. RESOURCES AVAILABILITY

Global: 29th July (1.75 Earths) . ‘

1.75 Earths

Cnuntry Qvershnul' E%ys 2021
When would Eorth Overshoot Doy lend if the workd's populat Your personal Earth Overshoot Day is:

18 Apr

If everyone lived Iilt;r you, we would need

3.4 Earths #

. Resources availability

hitp://www.footprintcalculator.org/

| [ A
§56-454
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... AND THE GLOBAL POPULATION?

1920
1,8 bin
Matenal
consumption
1970 ;
GigaT
3,7 bin Higeica)
2017
5 bin Global
Population
2050 (Bi”iﬂﬂ]
9,5 bin
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A POSSIBILE ANSWER... CIRCULAR ECONOMY

CIRCULAR ECONOMY

= Circular Economy is an industrial system restorative and
regenerative by design .

* Implemented by one or more supply chain actors through '

e T : one or more of the four building blocks (circular product , 5 4 @
» design, servitised business models, reverse logistics and - . @ Lar
enablers) , @‘3 i
= 1 + In order to replace the end-of-life concept with reducing, D 07
p alternatively reusing, remanufacturing and recycling - Al

materials in production, distribution and consumption processes
* For both technical and biological materials

« With the aim to accomplish sustainable development

» Operating at the micro, meso and macro level & w0
- o @

Source: Bressanelli et al. (2019) Challenges in supply chain redesign for the Circular Economy, International Journal of Production Research; Ellen MacArthur Foundation 2012;
Kirchherr et al. (2017) Resources Conservation and Recycling 127:221-232
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y A POSSIBILE ANSWER... CIRCULAR ECONOMY

Source of CE
value creation

A Increase
Resource Usage
I
A Increase
Resource efficiency
|
A Increase product
life

CIRCULAR

I
A Increase
~ components life
I
A Increase
materials life

I
A Close the loop

S EE - O O O G O O O T O -

S O O - .
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THE «4R» SCHEME OF CIRCULAR ECONOMY

THE YNERTIA PRINCIPLE

By Walter Stahel

what is not broken

something that can be repaired

a product that can be remanufactured

in order to maintain the existing economic value

Source; Bocken et al., (2017)
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HOW TO IMPLEMENT CIRCULAR ECONOMY IN
COMPANIES? - BULDING BLOCKS

A

v ®

Products Business
Design Models

Bressanell et al. (2021) Enablers, levers and benefits of Circular Economy in the Electrical and Electronic Equipment supply chain: a literature review
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" PRODUCT DESIGN

- Green materials -
De f £ - .
puravilty [l ,choice (ed. FAIRPHONE

FAIRPHOME e

Modularity and

Standardization Maintenance

Upgradability d?sgr.?:r:ﬂ;r

Design for Design for
Attachment and sustainable
Trust behaviour

Circular Design

https://www.fairphone.com/it/
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Value
malnly in
product
content

Pure
product

BUSINESS MODELS

SELL

THE PROBLEM
YOU SOLVE,

NOT
THE

PRODUCT.

Product-service system

X

Value
Service content malnly In
{intangible) service
Product content coment
(tangible)
A: Product B: Usa C: Result Pure
Oriented Oriented Oriented service
« Proguct « Product lsase =« M cthity
re-lated = Product maEnagemeni
+ Advice and renting: s Pay per
0 S LAY g BErvicn uni
s Praduct s Funglional
pooling [0 ]

Tukker et al., 2015
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Value
mainly in

product
content

Pure

product

BUSINESS MODELS

SELL

THE PROBLEM
YOU SOLVE,

NOT
THE

PRODUCT.

Product-service system

Service confent

{intangible)
Product content
(tangible)
A: Product B: Usae C: Result
Oriented Oriented Oriented
« Proguct « Product lsase =« A cthity
redated » Product maEnagemeni
« Advice and fenting = Pay pot
O S LRy g Bervice uni
= Producl = Fungiional
PG g [4-H I

Value
mainly In
Servica
conmtent

Pure
service
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Tukker et al., 2015
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SUPPLY CHAIN

Collabo-

ration
Forward Reverse

Logistics Logistics

Circular
Supply Chain

Integrated management of the forward-reverse
processes, activites, resources, infrastructures, actors

From cost-focused supply chain
to value-focused supply chain

I MOpSsI HMAWAAW N-generation.comyit’
Source: https:/iwww.ri-generatic omit
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SUPPLY CHAIN

e

N *f:a (@mJLO“@U i

Forward o Reverse
ECONOMIA
CIRCOLARE

.-

Logistics Logistics

Circular
Supply Chain

Integrated management of the forward-reverse
processes, activites, resources, infrastructures, actors

From cost-focused supply chain
to value-focused supply chain

Source: hitps:/lwww ri-generation.com/it
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@8 ENABLERS
4V’ DIGITALIZATION

—

w % sustainahility

Exploring How Usage-Focused Business Models Enable

Circular Economy through Digital Technologies

Gianmaic s Brevsanpil *

LIFE CYCLE PHASE

Fghaiig Adv idgar o Perons arsd Nicols Sacein

SOURCE OF CIRCULAR VALUE CREATION

DIGITAL TECHNOLOGY ‘ FUNCTIONALITY
[+] @ : _
| o] . ‘BIG , ol Impr:wmg circular product
ﬁ @ & DATA 1| Y design
o B
| Td“ Product monitoring
&b (status, usage, etc.) |
T Technical assistance and
30 repair
T —
__?T. - R
&“‘"“*ﬁ ' E;!ﬁ. | Predictive Maintenance
o .
18] Y " BIG , Optimization of the
&= | - PATA Y product usage

Upgrade (digital and
physical)

Increase resource
efficiency

Extend lifespan

Close the loop

Extend lifespan

Increase resource
efficiency

Extend lifespan

Increase resource
efficiency

Extend lifespan

Regeneration (tracking)
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Bressanelli et al. (2018) Exploring How Usage-Focused Business Models Enable Circular Economy through Digital Technologies

Close the loop




g > DIGITALIZATION AS ENABLER
- 4 =

_

"%J.t MICHELIN
Michelin in 2013 opened Michelin Solutions,

LEVERS TO EXTRACT MORE VALUE FROM YOUR TRAILERS % a division to design, develop and market
services (tires-as-a-service) for commercial
vehicles

CONMNECT

EFFIFUEL: loT sensor-based system to

collect and analyze Big Data such as fuel

consumption, tire pressure, temperature,
speed, position

Significant savings for customers:
reduction in fuel consumption of € 3,200 /

. . year (equal to 2.1% of the TCO) and savings
loT & Tires-As-A-Service for 8 tons of CO2 emissions

Source: hitps://frctom.hbs.org/submission/michelin-tires-as-a-service/
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DIGITALIZATION AS ENABLER

.I.
F
I E o
o 3
J ] T
| .

| =
/— Value Creation \\
TOTAL CARE PROGRAMME: customers -
pay only for the flying hours ! .T{-:m : E;% ;
&)

® O & O D

L}-IR &SSP S PP IS S

—Turnover —Margin
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» Mission: repair (instead of
substituting) small household
appliances

« Aim: guarantee 10 years of
useful life

« 3D printing directly in the[f\\?‘
Technical Assistance Centres

« Spare parts availability (also for
out-of-production products)

» Product Upgrade

M 30 printing — KD
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RowenTSa

Tefal
KRUPS

ﬁ"‘

> %

P
¥

Original part

':'h.._i

1

€ (O
3D printed test parts.
o

Groupe SEB
Repair, instead of Replace

Source: hitps://www.youtube.com/watch?v=4gHHG4ibr-A,




AGENDA

2. A Framework for assessing the impacts of Circular Economy scenarios
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PRACTICE AND RESEARCH GAPS

“Circular Economy initiatives are not sustainable per se”

X
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PRACTICE AND RESEARCH GAPS

“Circular Economy initiatives are not sustainable per se”

-

N

Companies are struggling with the implementation
of Circular Economy into supply chains and
limited application of the Circular Econom
concept is observed in practice

» Limited application in practice

Is it profitable?

One of the main factors hindering the
implementation of Circular Economy is the
uncertainty regarding the potential benefits that
can be gathered from such a transition.

- Assessment: lack of systemic perspective

- Research & Innovation lor Smart Enterprises — www. rise.it

N

Works dealing with the assessment of Circular
Economy impacts do not simultaneously evaluates
and quantifies in a systemic and holistic manner
the benefits

Assessment: lack of knowledge on results

Whether Circular Economy can — or cannot — be a

Win-Win-Win-Win strategy able to provides net
benefits to the environment; to the society; to
supply chain economics and to users’ finances is
still an open question

= i--'-'-- !_"L E“.'




OBJECTIVE AND RESEARCH QUESTIONS

N

To identify, assess and quantify the main economic, environmental and social impacts of a
Circular Economy transition in a systemic and holistic perspective, in a way to also outline the
most promising Circular Economy Levers and/or Circular Economy Enabling Factors
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OBJECTIVE AND RESEARCH QUESTIONS

To identify, assess and quantify the main economic, environmental and social impacts of a
Circular Economy transition in a systemic and holistic perspective, in a way to also outline the
most promising Circular Economy Levers and/or Circular Economy Enabling Factors

5

RQ1 RQ2

Which are the most promising
How the potential effects of a Circular Economy Levers and
Circular Economy transition can be: Enabling Factors
- estimated ex-ante? from an environmental, social and
- evaluated ex-post? economic perspective, and what are
the potential benefits achievable?

RISE - Research & Innovation for Smart Enterprises — www.rise.it




Circular Product
Design

|

Circular Economy
Enabling Factors

Servitised
Business Models

|

Circular Economy
Challenges

Supply Chain
Management

|

Math Model

OVERALL RESEARCH PROCESS AND METHODOLOGY

Circular Economy Impacts

o

Systematic Literature Review(s)
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Research Development

Scenario Simulation
& Case Studies
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Potential for circular business practices
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THE APPLICATION: THE WASHING MACHINE INDUSTRY

-




» Systematic Literature Review
» November-December 2017

» Scopus ks

Search string
Circular Economy AND Barrier 69
Circular Economy AND Obstacle 24
Circular Economy AND Challenge 239
Closed loop supply chain AND Barrier 10
Closed loop supply chain AND Obstacle =
Closed loop supply chain AND Challenge 93
Green supply chain AND Barrier 124
Green supply chain AND Obstacle 20
Green supply chain AND Challenge 308

RISE - Research & Innovation for Smart Enterprises — www.rise. it

LITERATURE REVIEW #1 g L
CHALLENGES IN SUPPLY CHAIN REDESIGN FOR THE CE

OBJ: To identify and provide a categorization of challenges
for supply chain redesign for the Circular Economy

Initial search

Duplicate
removal

Source
selection (IF)

itle, Abstra

Procucton —

Distribution by year

35 30

e

« Emerging phenomenon that is
gaining momentum

« Multidisciplinary characteristics

» Lack of systemic and holistic
perspectives
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LITERATURE REVIEW #2 & #3
CIRCULAR ECONOMY & WEEE

To explore the state-of-the-art of Circular Economy in the WEEE industry
to spot research gaps, define a research agenda and future research directions

Reyvwords Set 1 = Circular Economy

Crcular economy; Ducabality; BEeo-etf*; Ssustunab™: Closed
loop; Reverse supply chain; Reverse logistics; Reus® OR re-
us®: Remanut® OR re-manuf Refurbuash®: Disassembly;

Repair; Eco-design; Shar®; Product-service system

Keywords Set 2 - WEEE

WEEE,; EEE; Appliance; Washing Machine; Laundny

RISE - Research & Innovation for Smart Enterprises — www.rise. it
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. LITERATURE REVIEW #2 & #3

r

¥ Geographical distribution

AV
¥ 7\
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ﬁ LITERATURE REVIEW #2 & #3
Ny CIRCULAR ECONOMY & WEEE

Circular Economy Enablers
Dhgptalid sl Gavermment Inlesvarlan Wiera” Astive Fole *

E——

Circular Economy Lavers

Ciroular Produot Dessgn Beervitisod Business Models Supply Chain Menagement

o Emea g el v Pemiopd oy G
. e TR
............ -
(0 L e LR = s el

Potantial Benefils

Emwisanmaanksl Ecanombs for the supply chain Econoamb: lor Bha wukers Eocial

A Circular Economy Benefits

Fig. 4. Research framewaork
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lable 2
Research Gaps and Research Agenda

LITERATURE REVIEW #2 & #3
CIRCULAR ECONOMY & WEEE

Aspect

Research Gap

:_-*..w.urh Agenda
F

Objective and Methodology

Geography and Approach

Research up to now has had mainly explorative and
impact evaluation purposes, with little attention put on
the design of practical solutions.

Research adopted especially quantitative approaches,
with static simulation and assessment being the most
used one. The survey methodology was used only for
explorative purpose to collect data from users: no
research has yet used this methodology in the WEEE
industry for either collect data from a large set of
companies or as a basis for theory testing. Most papers
are single method: only 23% of the contributions adopts
more than one methodology.

CE in the WEEE industry has been addressed mainly in
Europe and Asia. Lack of research comparing CE practices
in different geographical areas.

lop-down approaches dominated overall and especially
on ‘sustainability’ papers. However, CE is seen as a
strategy that companies are willing to implement even
without regulatory pressures, given its assumed ability to
generate economic advantages besides environmental and
social ones.

RISE - Research & Innovation for Smart Enterprises — www.rise.it

|E]1-|L‘!II1I'PI1!'-|.]'|'IE1.' how CE can be applied to the WEEE
industry to selve practical problems, through empirical
theory-testing and validation research.

II.) Investigate CE in the WEEE industry by combining
quantitative and qualitative approaches (such as survey and
case studies) focused on companies and supply chains,

lll.) Explore how geography-related factors may contribute
or hinder the adoption of CE in the WEEE industry, across
different regions (e.g. Europe, Asia and Africa

IV.) Investigate, quantify and validate the mechamisms for

how CE changes companies’ behaviour from top-down to

bottom-up.




LITERATURE REVIEW #2 & #3
CIRCULAR ECONOMY & WEEE

A

B
) =
[ JL“EF‘
X >
.

lable 2
Hesearch Gaps and Research Agenda
N,
Aspect Research Gap Research Agenda }
AN
Actor and life cycle phase Research has paid little attention to retailers and service V.) Explare the role and the CE implications for retailers

providers.

Research has paid little attention to the manufacturing
and design phases, where users have been rarely taken
into account.

Overall, CE research in the WEEE industry lacks a
systemic and holistic perspective (joint consideration of
several supply chain actors and life cycle phases).

CE 4R scheme CE in the WEEE industry mainly addressed the Reduce
and the Recycle strategies, while limited attention has
been paid to Reuse and Remanufacture,

The cascading hierarchy among the "K' strategies as well
as the systemic and holistic perspectives of the Ck 4K
scheme have generally not been adopted by the
hirerature.

CE in the WEEE industry has been mainly investigated as
a way to bring economic advantages [or the supply chain
through Recycle, and as a way to provide economic
savings to users through Reduce.

and service providers in the WEEE industry.

VI.} Study the role and the CE implications for EEE design
especially taking into account users habits and behaviour |
and manufacturing.

VIL.) Consider all WEEE ecosystem’s actors and all life cycle
phases simultancously, to avoid burden shifting and to
ensure a systemic implementation (especially in terms ol
collaboration for achieving CE

VIIL) Target more Reuse and Remanufacture strategies for
WEEE, in order to ensure a higher potential for decoupling
value creation from resource consumption.

IX.) Address all the CE '4K° strategies jointly (including theis
cascading potential) in order to extend the lifetime of EEE
to the highest possible level.

A.) Explore how Reuse, Remanufacture and Recycle can
create value to end-users, establish the nght incentives [or
take-back systems and define the links among each 'R’
strategy to the achievable social benefits

RISE - Research & Innovation for Smart Enterprises — www.rise.it
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lahle 2

LITERATURE REVIEW #2 & #3
CIRCULAR ECONOMY & WEEE

Reseanch agentda,

Layer

hl!u;Erl:'l:.'_r\.

Research Agenda

Enablers Government interventions and users’ active role in enabling CE have been well

Levers

Benefits

addressed in the past. On the other hand, the enabling role of digitalization has
been overlooked: few anticles addmessed [oT, Big Data and cloud technologies,
while no study addressed avpmented and virtual reality, blockchain ar 3D
Printing i the EEE supply cha

Lack ol a systemic perspeciive over the CE enablers, Digital technologies are
rarely investigated together. The combination of government measures is very
seldom addressed, The combined role of users’ during purchase, usage and Eol
1as been rarely investigated

Eesearch has devoted limited attention to ‘reduce’ design strategies (duralaliny,
standardization, upgracability, attachment and frust

Research has devated limited attention to shanng and ta result-onented SBM
Research has devored limited attention to collaboration among supply chain
actors and stakeholders

CE levers have not been sufficiently investigated in a systemic and holistic
perspective; circular design strategies are seldom investigated together;
senvitised strateges are seldom investigated together; the integration of
forward logishics, collaboration and reverse fogistics has been rarcly addressed

The application of CE to the EEE supply chain has been mamly focused on
environmental impacts and on economic benefits for the supply chain, while
few articles covered the social dimension of CE or the economic benefits for the
LSErs.

Benefits have not been investigated and quantified in a systemic and holistic
perspeciive yel, Whether CE in the EEE industry ¢an [or Cannot) contribute o
sustainability under a win-win-win strategy still remains an open question

I = Investigate the role of digitalization in enabling CE in the EEE supply chain,
especially regarding the enabling potential of blockchain, 3D Printing,
augrmented and wirtual reality

2 - At a higher level: investig igitalization, government intervention and
users active role simultanedlidy. Al a more detailed level: combine many
technologies when researching on digitalization; combine mone measures
when researching on government intervention; combine all the lifecycle
stages when restarching on the users’ active role

1 - Investigate design  strategies  locused  on
standardization, upgradabality, attachment and trast

4 - Investigate SBM based on resuli-orented offenng

5 = Investigate the potential and the implications of collaboration in the EEE

‘reduce” [ durabality,

supply chiain lor the Ck

6 - At a higher level, investigate circular product design, SBM and SCM
simultaneously, At a more detailed level: combine more design practices i
researchung on crcular design; combine different SBM types if researching on
servitisation: cambine collaboration, forward and reverse logistics if
researching on SCM

7 - Investigate how CE in general and digitalization in particular can bring social

and economic benefits for the users

g - Simultaneously investigate and quantify economic, environmental and
social benefits of CE implemeéntation in the EEE supply chain

RISE - Research & Innovation for Smart Enterprises — www.rise.it




- | OVERALL RESEARCH PROCESS AND METHODOLOGY
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Enabling Factor

E1. Government
ntervention

A

E2. Users’
active role

a3

15 modules...

Lever

L1. Circular
Product Design

BSOS

L2 Servitised
Business Model

) CIRCULAR ECONOMY FRAMEWORK
TO ASSESS THE IMPACTS

A

Characterization

1. Environmental
4"
Lo

I2. Economic
for the user

»

D1. Product
e C1. Usage
DZ. User
T
e ®
o v

C2. Stock and

E3. Digital 4.0
Technologies

&

» Scenario Definition

Bressanedli et al (2019) - Assessing the impacts of circular economy: a framewark and an application to the washing machine industry

L3. Supply Chain
Management

2
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Flows

D3. Supply Chain .
e=n [ _3
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" e

» Scenario Parametrization

13. Economic for
the Supply Chain

—
[..i

14, Social
i

10

GHG
emisslons

Total Coslt
el
Household

Supply
Chain
Margin

Full Time
Equivalent
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CIRCULAR ECONOMY FRAMEWORK i
TO ASSESS THE IMPACTS

Enabling Factor | Lever

E1. Government L1. Circular

intervention Product Design CE Scenario

""& E 9 Combination of a subset of

o Circular Econ Levers andior
Circular Economy Enabling Factors

E2. Users’ L2. Servitised '
active role Business Model :
T CE Enabling Factor
0e®
L 3 T

Exogenous characteristic (companies can influence
governments and users only in seldom conditions) or thelr
Enabiing role on Levers {P[:IE Digitai 4.0 Technologies)

E3. Digital 4.0 L3. Supply Chain

Technologies Management
L7 ﬁ [} CE Levers

Endogenous charactensiic:
Companies may directly invest on them and primarily act in

order to implement CE
» Scenario Definition

Bressanedli et al [2019) - Assessing the impacts of circular econonty: a framework and an application to the washing machine industry
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CIRCULAR ECONOMY FRAMEWORK -
TO ASSESS THE IMPACTS

Waking
Driver Characterization m

1. Environmental

D1. Product ﬁ
h "
= C1. Usage C’ Drivers

A . Configuration options of the product, of the user and of the
* — supply chain, which are enabled by acting on the enabling
S i I2. Economic factors and levers (inputs for the assessment)

| for the user
.n.
D2. User " ’
L | &
.. [ ] 1 | | & W
m " Y [ Feonoric for Characterization

- »

. | heSupy Sheln Groups of qualltative-quantitative elements that further
C2. Stock and —_— characterize the CE mﬁ%ﬁ on the input provided by

- p

Flows 8-
D3. Supply Chain " L . '
'i'-a c’:; | I4. Social

g h " ﬁ

Four categories of measurable impacts
Envircnmental, Economic for the user,
conomic for the Supply Chain, Social)

> Results
Bressanedli et al (2019) - Assessing the impacts of circutar economy: a framework and an application to the washing machine industry

» Scenario Parametrization
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-{_{: ! | OVERALL RESEARCH PROCESS AND METHODOLOGY
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—

Circular Economy
Challenges
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AGENDA

F
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i
|

3. The mathem;icical model and the simulation tool for the washing machine
industry
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» Life Cycle Assessment (LCA) 1SO 14040
Goal and scope definition
Inventory analysis —— Results Interpretation

H

Impact assessment

|
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LIFE CYCLE ASSESSMENT

Life Cycle Costing (LCC)
Total Cost of Ownership (TCO)

(social) Life Cycle Assessment (sLCA)




LIFE CYCLE ASSESSMENT

LCA limitations

* |t provides a "static" analysis

« |tis expensive in terms of time (LCA analysis takes months!) and resources

* |t requires specific software, especially for accessing the database (eg. SimaPRO, GABI, ...)
« |t is difficult to model the reuse of products, components and resources (but not impossible)

* |t should be coupled with LCC, TCO and sLCA methodologies to determine economic and social
impacts
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RISE -

Research & Innovation for Smart Enterprises — www.rise.it

D1. Product
1. Usage
D2. User
(N ¥

™ "
C2. Stock and
Flows

D3. Supply Chain
-

= -

EmSE—

CIRCULAR ECONOMY FRAMEWORK
TO ASSESS THE IMPACTS

Driver Characterization m

- @

1. Environmental
N\,
Lo

I2. Economic
for the user

»

I13. Economic for
the Supply Chain

—
o

14, Social
Y

=

GHG
emisslons

Total Cosl
[Er
Household

Supply
Chain
Margin

Full Time
Equivalent

sjoedw| ¢




ey

DRIVE\YRS

D1. Product (washing machine)

» C Washing Machine Capacity (kg)
« EEC Energy Efficiency Class
* L, technical life of the washing machine during its life |, in number of washing cycles

« HS Family size (n~ of members)

» Shr number of families sharing the same washing machine
* T Washing temperature
» | R Washing machine capacity saturation rate

D3. Supply Chain

* Rrfb,| Refurbishment rate, i.e.% of washing machines that are refurbished at the end of their life
» Rrec,| Recycling rate, i.e.% of washing machines that are recycled at the end of their life
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C1. Usage

C1. USAGE & %

INTENSITY OF USE
(No. of washing cycles per

family per year)

SPECIFIC CONSUMPTION

(per each washing cycle)

RESOURCE / IMPACT

kWh
Energy Eic [—] = f{: EEC: G}
wce
Wat Litre — F{C: LR: WEC) N wc o YLW
i we [lage | = kR W€lhh x year| C X LR
kg
Detergent D, = = f{C;LR; DEC; DDF}
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C2. Stock and
Flows

4Y  C2.STOCK AND FLOWS e

-

PPL

Washing Machine A oo T e
stock WMI = Hr e Shr

installed base

A R

A sapi  |= @

® @ g Refurbished Washing Machines ®
° A [*
Landfilled WhMs
® o ¢ C::::ﬁ
i m ‘ﬂ ﬁ WMLri:f,f|WMI

® —>

New Washing Machin%

WM;, [WM] %
\ J  End of Life Washing Machines "
WMoy [WM) ® 9
(Material Recovery) & @
Recycled WMs
WMH-:’*-'.‘,.! I WM |
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1. Environmental

N,
11. ENVIRON%ENTAL IMPACT 7

Life Cycle Phase Environmental Impact

Raw materials (credits for

: r bid e . X
money laundering) GW EFppyg X WMy 1 — GWEFpee X WMpe,

Production and + GWPygn X WM,y + GWPy X WM

Distribution i
Usage + (gwpe X EC + gwp,, X WC + gwpy X DC) X Shr X WMo ck
Maintenanc (EWPM&R X }’M&H‘} X WM.‘-:!‘.E}FJ{
'Iﬂl{il'
Refurbishment + ((GWPRWLHQ + GW Py, + GWPp;s) X WMm,:)
=2
Landfill o b GWFL”;;' X WMLH{J‘
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|2. Economic

2. ECONOMIC IMPACT FOR THE USER S ik

¥
r
i i
F. B
4 . —
j e
I -.JI
-
! -]
.

Traditional sale  Leasing scheme Pay-per-wash

: : Rate dependent on the
Fixed monthly leasine fee number of washing cycles

Maintenance and Repair

Sale price (amortized over

the life of the washing
machine)

Usage Cost (Energy, water, detergents)
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13. Economic for

. the Supply Chain

Y 13. ECONOMIC IMPACT FOR THE SUPPLY CHAIN o,
I:;e;*':'ﬁ E

w5
PRFT = TR i
| SC year = SC SC
Revenne Fotal Cost Maroin Fatal Cost Dhistribubnion
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OVERALL.:

MATHEMATICAL MODEL (FORMULATION)

EC

WC

DC

kWh
— =N W E
hh x vear

Litre
—| = N % W,
hh % year '

k

4 N el

hh % year

C1. Usage characterization

[

C2. Stock and Flows
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To charactenze the
WM utilisation
phasa

To characternize tha
Stock and Flows
generated by the CE
scanano [(salas,
refurbished,
recycled and
landfilled Whis)

-

e 5 (icwr

5

P

Impact

c ’& 11. Environmental
r/'

1

%

L

I2. Economic Impact
for the user

-

m [3. Economic Impact

for the Supply Chain

[4. Social Tmpact
(Employment)

G




r
.
r
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#
F
# "
i ¥

AGENDA

4. Discussion of results, implications and key takeaways
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SCENARIO DECISION VARIABLES

CIRCULAR ECONOMY LEVERS CIRCULAR ECONOMY ENABLING FACTORS
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10 + 1
Circular Economy
Scenarios modelled
and analysed

compared to the
ASI-IS

Assessment at the
European Level
(EU28)
Population of 510
million inhabitants

10. WM

@9 CIRCULAR ECONOMY SCENARIOS

1. WM life : —
advanced -
il extension
9. WM : .
2. WM high- Q
: advanced : |~
- refurbish Py ‘ —
. 1 1l
e L8 Combination of s -
E hw Ly Previous Tempera- N
& WM peer-to- : ture
L B \n peer sharing Scenarios
—_— S,
- - 7. WM .
ey o ' 4. WM high
i —L‘-Hﬂ“ laundry S Ml
%& \ iy loading rate
6. Pay-per- .
@ = wash 5. Leasing C‘Gr
@ =
—._._-___._.—l'
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8

9

ﬁ CIRCULAR ECONOMY SCENARIOS

a

Extend WM Lifespan

Replacing MWs with energy efficient ones
Sustainable beaviour (low wash temperature)
Sustainable beaviour (adjusting capacity)
Leasing WMs

Pay-per-wash

Laundry facility (sharing)

Sharing WMs peer to peer

Refurbishment

10 Improved Recycling content

11 Combination of previous scenarios
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CIRCULAR ECONOMY Enabling Factors

loT and Big Data

loT and Cloud

Lagislation,

Labelling

ol to track products Forcing

for collechion

1T, Big Data,
Cloud

Legisiation

Driving
legislation

Extending WM
lifespan

Purchasing A+++
Whis

Usears' bahaviour

Lsers' behaviour

Users’ role in chose
leasing

Users' rale in chose
pay-per-wash

Users' role in chose
laundry

Users' role in chose
sharing

Lizars' role in chosa
used WM

Users' active role

CIRCULAR ECONOMY Levers

Digital 4.0 Government Servitised Biz | Supply Chain
u = s o | S | ST

Durability

Sustainable
behawiour

Sustainable
bahaviour

Matenal Selachon

Durability;

Maintenance and
repair

Leasing (use-
oriented)

Pay-per-wash
(result-ariented)

Sharing to reduce Collaboration
the WMs number  with OEM

Sharing to reduce
the WMs number

Reverse
Logistics

Heverse
Logistics

Sharing to reduce Reverse

Material, behaviour the WMs number Loagistics




EXAMPLE: PAY-PER-WASH SCENARIO
Scenario definition and parametrization

E1. Govemment L1. Circutar Product = 6.5 kg
infervenison Design EEC = A+ ++ J0%
WEC = 90% { from 1010%:)
DEC = 90% (from 100%:)

» | D1.Product S Tan
. | L = 150wt
=
- o EZ. Users’ L2. Servitised YIW = 1200 kg
G active role Business Model LR ‘:IE 1 --E_f.l'cl:.ll B5%%:)
PAY P E R t:’A S H Users® active role in | Pay-per-wash 2 HS II, r
choosing pay-per- Business Model x.;.,- = ] -|_| €K}
In this scenario, users no longer buy and own a e > | D2 User DHE o8
WM, but instead pays a variable fee to gain the S = 10
rights to use a WM. The fee depends on the B = %
washing results achieved (pay-per-wash). | | Bl & 010%
: > i E3. Digital 4.0 L3. Supply Chain Rarn e = 5%
Usually, top-quality and high-efficient WMs are Technologies Management Rugnz = 0%
offered through this business model. [%m and Big Data & i e
Arinlytics > | D3.Supply Chain | Yua = 100% (from 5%)
" JWPy - S0¢ table [Tahle 5.3)
Assessment and comparison of the results to g e
the EU28 AS-IS (Linear Economy) Pl o by

L
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EXAMPLE: PAY-PER-WASH SCENARIO
1. ENVIRONMENTAL IMPACT

\
7

4]

Total GHG emissions reduced by the 3.6%
Impacts from use phase decrease (high-
efficient washing machines)

Raw materials extraction impact increases
(high-quality washing machines)

~




EXAMPLE: PAY-PER-WASH SCENARIO
12. ECONOMIC IMPACT FOR THE USER

y
E 118

2 E

The cost for users is (more or less) the - ares
same (67 €/year) |

« Change in the cost structure (from one-shot
price to time-payments)

L W,
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450
e 5
Ilg} r-'“"PF'

—

EXAMPLE: PAY-PER-WASH SCENARIO
13. ECONOMIC IMPACT FOR THE SUPPLY CHAIN

Lotal supply Chain Froli

FIEW-BEM

L .,
. ;i 12.4
PEW-BM 2 E

S - ] =R 1 Tl {EW1y | . ‘

..I?.h bbbl : B s tnbunon ! Gll.21 154 (KD 4 . REVEHUE |nErEHSES
W O} I. ;:..; . 35 530 204 e A 1 054,057, 35¢ 94 (86 480 _ more than costs
0 Offenng of 1st Beeveling 1438 671,241 65 1 i

« Profit: + 16.6%
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c

& 14.SOCIAL IMPACT

Al
W

5

« Employment opportunities increase by

the 84.2%
« Jobs are created especially in Maintenance

and Repair (and production)

~

_/
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EXAMPLE: PAY-PER-WASH SCENARIO




—p—
3 L
e == — —— ——f—
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o .
L
4,55
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ELABORATION: SENSITIVITY ANALYSIS

Neane

RISE - Research & Innovation for Smart Enterprises — www.rise.it




LAVA PIU

RI-

ELETTRODOMESTICI CHE FANND BENE

Retailer
(pay-per-wash service
provision)
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Retailer
(Laundry fackhty owner)

EolL actor
(Refurbishment and
Spare parts provision)




CONCLUSION

+ Framework to support the assessment of CE impacts (i.e. the ‘Circular
RQ1 Economy Framework fo Assess the Impacts’) by linking the economic,
How the potential effects of a environmental and social impacts generated by a CE scenario to a set of
Circular Economy transition Levers and Enabling Factor _ _
can be estimated ex-ante or B The framework supported the Mathematical Formulation needed to
evaluated ex-post? conduct the assessment in a systemic and holistic perspective

+ The Mathematical Model has been implemented in a Simulation Tool

={a. + Several CE scenarios for the WM industry were assessed, using the
: _ simulation tool in which the mathematical model was implemented
LUIEEICR GERu Rl el IE I . sensitivity analyses on critical parameters as well as three case

CE Levers and Enabling studies in the WM supply chain were carried out

Factors and what are the - Identification of promising hotspots in terms of CE scenarios that
potential benefits achievable? lead to 4-win impacts %
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" (MANY) NEXT STEPs

p ;
w
* More robust results

« Montecarlo simulation (to assess unceﬁinties}
* Dynamic simulation (e.g., system dyna

» Extension to other products (electronics, cars, .
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cs (?7), agent-based (7))
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CONCLUSION

RQ1  Framework to support the assessment of CE impacts (i.e. the ‘Circular
Q Economy Framework fo Assess the Impacts’) by linking the economic,
How the potential effects of a environmental and social impacts generated by a CE scenario to a set of

Circular Economy transition Levers and Enabling Factor
can be estimatedyex—ante or « The framework supported the Mathematical Formulation needed to

conduct the assessment in a systemic and holistic perspective
. ?
evaluated ex-post? + The Mathematical Model has been implemented in a Simulation Tool

RQ2 + Several CE scenarios for the WM industry were assessed, using the
simulation tool in which the mathematical model was implemented [}

Which are the most prur!'lismg « Sensitivity analyses on critical parameters as well as three case
CE Levers and Enabling studies in the WM supply chain were carried out

Factors and what are the - Identification of promising hotspots in terms of CE scenarios that
potential benefits achievable? lead to 4-win impacts
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