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Designing circular products witbnger lifetimeplays a vital role irtircular economytHowever,
analyzing huge amount of data on the produetpuires morehuman efforts and isime
consuming. Thus, digital technologies deeip in data analysig.he study aims to analyzke
current status adligitalization in circular economyOne focus area of the researclotisrole of
circular product design iaircular economyThe study analyses the effects and the importi
of designing products with circuléehavior. The second focus of the study islenrok of

artificial intelligence in circular economy and in circular product design.

The main researchmethod in this studys critical literature review and case studgluding
three semstructured interviewin three differenindustries Theinformantshave different rats
sud as head of environment, head of digital transformationeangdonment spaalist in the
companiesQualitative contenanalysis was used to analyze the results of the sfumbtprding
to the results, Finnish compasibelieve thatircular economys beneficial for them and a
interested in implementirgjgital technologies to enhance their circular econdifyamework
on the role of artificial intelligence in circular economy is introduced in the study after coll
and analying secondary datand data from case studi#sallows companieto decidehow to
implement atrtificial intelligence inheir circular processeMoreover, the list of key enable

will help the managers tmake better decisiorm how to utilize technolgies
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1. INTRODUCTION

Over the recenyears,the Circular Economy (CE) approach has beemsiderablydiscussed on
industrialeconomy developmemtorldwide and gained attention of scholars, industries andypoli
makers significantlyEllen Macarthu Foundatiorn(2012)defines the concept €fircular Economy

as ai s y sresterative and regeneratilog designwhichaims to maintaiproductscomponents
andmaterials and thein i ghest ut i. Howevertraagitidn towards & eirgular model

from linear economy whichi® ma k e , u s meeds llgeodsdgimdastries in cooperation

with governments and policy makers. Although circular business model has numerous economic
benefits and is considered as a sustainable business modehdeketds arguable since recycling

the material costs heavily tenew or restoré@Macarthur Foundation, 2014jence, implementing

CE in many cases requires certain changes in
challenges for the industry such as asset management, supply chaily, angalhizing new
logistics for unfamiliar waste products as wedl designing manufacturing services and quality
control(Ramadoss et al., 2018)

In addition the design for these aspects increases the challenges and ctyngpl€l workflow,
therefore product desigievelopments well asbusiness modemprovementsare essential to
acceleratéhe move towards circul@conomyBocken et al., 2016)ntegratingcircular economy
businessnodel at the earlphasein the product design process plays an importdetirovalue
creationtogethemith the supply chain since only ntinchanges on the products are possible once
the resources, specifications and activities are bid#pgitedo a certain product desigBocken
etal., 2014; Saidani et al., 201%ccordingly, companiemustimplement innovative product
design strategies to narrowv close the resource loogdoreover,digital technologies such as
Artificial Intelligence (Al), 3D printers(threedimensional priter), Internet of Things (loT),and

Big Dataunderlinedby the fourth industrial revolution (Industry 4.@an help thendustries
overcome the challenges in transition towards(Biessanelli et al., 2@). Al is subset of the
technologies which asset circular economy to increase product circulation, predictive maintenance
and smart manageme(tillen MacArthur Foundation, 2019 this studyAl is discussed as an

acceleator of Circular Economy, enhancing the development of new products and materials by
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rapid prototyping and testingfhis study argues Al as an accelerator of circet@nomy by agile

data collecting and testing, helping industries towards circularity.

1.1 Background

The theoretical background of the Thesis is described in this semtidnconsists of four
subsectionsThe first subsectiofocuses on the theory @fE, existing advantageand challenges
for companiesMore specifically,this subsectiomnalyse the role of product design in circular
economyThe second subsection focuses on st @E in Finland. Thesulsection pays attention
to how product lifecycle creates value to Finnish prodtmt<CE. The sectiorontinues with
identifying the role oftechnologies in manufacturinginnish companies. Subsection three,
addresses the current techrgpés enhancin@E and the ihal subsectiongdlustrates the role of

Al in CE, focudng on product design.

1.1.1 Circular Economy

CEhas beemecently one of the rost promising paradigms. The aohCEis tofidesign out waste

and pollutio by enhancing circular products, materials and components at the highest value level
and utility(Prendeville and Bden, 2016) The benefits of such approach are sustainable, creating

a netprofit of EUR 1.8 trillion in Europe by 203(Ellen MacArthur Foundabin, 2019) Cohen

and Mufioz 2016)mentionthat pusuing of sustaining life requires transition to more sustainable
consumptiorand production worldwide. However, despite all the advantages of CE model such
as keeping materials and products in use, regenerating natural system, environmental
sustainability controlling rising of resource costs, etc., the transition towards CEtialshed
companies sets major challengaighisi and Saccani, 20190 more concrete terms, sineeergy

and material, product desigmanufacturingprocessedusiness modelsgrvices andistribution
processealong withdata managemeshouldbe considered in mavwg toward<sCE, the changes

of high complexity(Ritzén and Sandstrom, 2014 ompanies should change radically and
innovate their business model by transforming their existing organizational and structural

condtions in order to move towards a m&@=Ee businesgMoreno et al., 2016A circular business
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model(CBM), indicates to what extent a company is capable to create, deliver or captakiéhe
without or within the closed loop(Mentink, 2014) Linder ard Williander (2017) identifies
Acircul ar 0 a snwhicheoorsmiovalsess optimidedter used products are used

for new offerings.A systemwide innovation is needeitt enhaning the transformation othe

whole economiesgompanies anthdustriesin adaptingthe application of a successfGQE, to
changethe whole procesm value creatior(Stahel, 2012)Moreover, in order to movewards

CE and tackle existing challenges, radical innovations as well as disruptive business models are
neededBoons et al., 2013Five types of CBMhathave been recently proposed by Accenture
(Lacy and Rutqvist, 201@reas follow

1 Circular SupplyChain Looking for resources whicrerenewable, recyclde andcan be
used insequential lifecycles

Recovery and Recycling o recovemy-products and waste out of production process
Product Life ExtensiorBy maintenanceervices updats and repair the produst

Sharing PlatformBy rent, share and exchangenonutilized materials

= =2 =2

Product as a ServicBy combining physical produ&with service componest

An interactionbetween all involved actoris needed in CBM as systemlevel phenomenon
(Figure 1), A i n c | u dthercarebusinesshnetwork and othstakeholders (Antikainen and
Valkokari, 2018) More details for an overview of circular business nidggees is available in

Appendix1.
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Distributor
Refurbish/
remanufacture Reuse/
redistribute

Innovator
R&D partner
Technology share

provider Maintain/ e e

Re-service
provider

prolong
ReccheI
Material End-of-lifecycle
supplier

Service provider

L

Figure 1. Interaction between actors in a CBM systaaapted from Aminoff et al., 2016)

Business model canvas (BM{)themain tool in generating CBM innation (Osterwalder and
Pigneur, 2010)Based on thstructural lisiness model8MCsidentify and classify the product
service gstemcharacteristic¢Barquet et al., 2013Hence it is applied in generating most of the
CBMs. A framework of the ecularBMC is presented ifrigure 2.
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Partners Activifies Key Proposition Customer Relations Customer
+  Cooperative *  Optimizing performance «  DPss *  Produce on order Segments
networks *  ProductDesign +  Circular Product *  Customer vote (design) +  Customer
*+  Typesof *  Lobbying «  Virtual service *  Social-marketing strategies types
collaborations | *  Remanufacturing, recycling +  Incentives for and relationships with
*  Technology Exchange customers in community partners in
Take-Back Recycling

Key Resources Systemn Channels

*  Better-performing materials *  Virtualization

. Regenerancl)n and restoring of Take-Back System

natural capital . ke-back
*  Virtualization of materials Take-back management
. *  Channels
*  Retrieved resources .
*  Customer relations
Cost Structure Revenue Streams
+  Evaluation criteria *  Input-based
¢ Value of incentives for customers ¢  Availability-based
*  Guidelines to account the costs of material flow *  Usage-based
*  Performance-based
+  Value of retrieved resources

Adoption Factors
+  Organizational Capabilities
*  PEST factors

Figure 2. A framework of circular BMGadaptation from Osterwalder and Pigneur, 2010)

The goal of product circularity in @E world is to maximizethe value in the products, materials

and componentduringthe longest timeProduct life extension is theentraleconomic andocial

model through repair, refurbishment andhesnufacturing{Charter, 2018)The main challenge
concerning the transition to CE is how reduceutilization of finite natural resources and to
promotepositive societal and environmehitmpacts by rethinking of a way to maximize the value

in productgKraaijenhagen et al., 2016Jhus product design plays the kegle in creatingralue

along with customer value proposition, supply chain, value networkbeotompanies and
capturing the value of new offering®rbinati et al., 2017) According toEllen Macarthur
Foundation (2012) practices on product design allows improving the material selection,
modularization of the components, standardization of the product design, purer materials flow as
well as designing for the easier disaseBmTherefore the key role ofCE is that it is good for
environment, but also beneficial for businesses, trades and job creation. CE is a new economic
model, which promotes collaboration, removes barriers as well as free exchange of goods, ideas
and servies(Sitra, 2018a)The key point to achieve the future goal<Céf is that all levels of

society (citizes, businesses, multinational onggations and public leaders) should collaborate on
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all levels, in other words everyone working together. Building an ecosystem of partners is needed

to achieve the full circular advantages

1.1.2 Technologies in CE

Recent reseah indicates the emerging roledafast involvement of digital technologies as an
acceleratorof CE to overcome current challengéBressanelli et al., 2018)in addition
Digitalization can be discussed an enabler &E. Digitalizationcontributes tg@roductvisibility

and intelligenceand providesinformation about assets regarding tHetation, condition, and
availability (Antikainen et al., 2018)n CBMs, one of the key roles is to lease, rant share the
durable poducts wherever possiblather thanselling then (Bocken et al., 2016; Macarthur,
2012) Thus digitalization is the major key in the process of shifiimghe directionof product
service systeniPSS) It is proposedas one of the key sdions to accelerate movingwards
circularity (MacArthur, DE and Waughray, 2016Moreover, enhanog usage of digital
technologies such aAl, 10T or Blockchain brings new ways of improving transparency and
traceability throughout products lifeting8tankovic et aJ 2017) Smart, connéded products give
opportunity to the producers in monitoring, controlling, analyzing and optimizing the performance
of products and collecting useful data of us@gerter and Heppelman2014) Accordingly,
digital technologies as highlighted by Industry 4.0 (the fourth industrial revolution) ieciteas
introduction of CE tahe companiesEfficient reverse logistics, materials and godlat gain
second lifeaccelerate€E concept wddwide with suitable recycling process, which uses limited
resourcgMacarthur Foundation, 20143ombination of digitalization and novel business models
innovationmay provide significantly new opportunities towandsre sustainabilitydr industries

in terms of value creation, value capturing and(Cihzafame, 2015%itra 018b)mentions that
manufacturing indusies can gain tangible benefits by digital reinvention of industry toemov
towards CE.However, some technologies come with the risks that requires to be balanced with

their benefits.
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1.1.3 Artificial intelligentandCE

Artificial intelligent (Al) has gained attention dfircular businesses and expewsrldwide

recently. AlenhancesCE by monitoring automatically and remotely of the efficiency over the
manufacturing process and at the end of produ
data which is generated during the manufacturing process, use or d{Rawsatioss et al., 2018)

Ellen MacArthur Foundation2019) suggests A | as a compl emenand i n h L
capabilities expansiort can helpm fast learningrom feedback morefficiently bydealing with

complexity as well agnprove awarenessf massivedataamounts Faster and rapid prototyping,

learning process by repeated designing cycles and feedimdielction are requirementsin

accelerting the transitionof the compleiy of redesigning keyeaturesto a better economic
model.Accordingly, Al can play a sigficant partin enabling the systematic shift.

1.1.4 Circular economy in Finland

According toSitra(2016) Finland is one of the pioneein operating models for economic growth
without overconsumption of natural resources. TBE innovations are expected to repeat
significant opportunities in Finland such as
potential by 2 to 3 billion euros as well as 75,000 neyg joy 2030. Moreoverniall parts of the
manufacturing valuechain, substantial inefficiencie®occur (product design, sourcing,
manufacturing, logistics, marketing and sales, product use and end of life dispisa(2018b)
defines that most Finnish products are desigoetbng-lasting, 50% of Finnish companidsat
report durability of heir products are over 20 yeard)ilg another 43% manufacturer report their
productso6 | i f e20)yearkleng.iTlse share tfwanedrevdnae from long lifecycle
products is 80% for 65% of companies. Moreo®iitra (2018b)addresses thédéchnologies have

a significant role in enabling-innish companies to deliver CE objectivesand are of dist
developing. Among all technologie&] techniques such as machine learning show an emerging
and maturing role in achieving tHeE goals of Finnish manufacturing industriddis study
provides the results of case seslfrom three different large mdaaturing enterprises (electronic,

food, metal). Study is carried out by presenting and analyzing the current interests in implementing
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Al to develop th&€€BMs especially in the phase of product design, lifecycle and nmainte. The
results may help the oganies to have a clear understanding of new opportunities in applying Al

in their CE strategies and business models.

1.2 Obijectives and scope

This study aim$o understanthow Al can enhance developi@Ein industryin the product design
phaseand to identy how companiegmploy Al in their circular strategies. The need foCR is
urgent as theercentagef nonrenewable resources decreasingsignificantly and the natural
resource prices volatility igrowing (Macarthur, 2012)ImplementingCE needs an innovative
business model tessemegativeampacts on environment andpgooduce profiin short and long
term. Geissdoerfer et g2017) mentiored thatlong-lasting product desigmmaintenance, repair,

reuse refurbishmentremanufacturing and recycling are the solutions to acli&ve

The need for Al technologies can be better understgaahblyzing thenethods and techniques
that assets in product desigrdgrocesses in manufaring system and to achieve the sustainable
development goals iBBMs. Al could help designers and material scientists to develop solutions
that requires fundaemtal innovation and redesigrurthermore, the study identifies the walyat

Al techniques wuld help businesses to overcome the challetiggene could face in transition
towards circularity. Finally, thkey enablers inapplying newtechnologies such as Ah
companies is discussed in the stu@iwo principal research question wefermulatedand are
presented iTable 1 This studywill answer to the research question based on the literature review

andcase studies.
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Table 1. The research questions of the study with the objectives

Reseach question Objective

A To understand role of Al in designing
circular products, materials and componen

RQ1: How A can help product design towards

circularity?

y A To understand the current status of
companies in implementing Al technologie
in their circular business strategies

RQ2: How Al can help in maintenance A : ,

. . ) ) To understand role of Al in maintenance
services in companies towards circular services of products towards circularity
economy?

The aim of thdirst main research question (RQ1) is to understand the current state of te@solog

in Finnish companie§hemain aim igo identify to what externtompaniesre digitalized in their

CE solutions and how theamploy digitalization in their CE processesarticubrly, the way they

utilize Al in circular product design toward3E. Moreover, the main research questions aim to

analyze current capabilities of tedbogies especiallAl technologiesnd ev el opi ng pr od
lifecycle as well as future demands for such technologies to achieve the goals of CE. In addition,

this Thesisidentifies thekey enablersn employingn o v e | technol ogies in ¢
Finally, the studyntroduces a frameworkof the role of Al inCE in industries

The studyanswers to théRQ1) by clarifying the key factors of product design igiecular design
strategyand introduces the todier design circular products in thigerature reviewAdditionally,
the study defingthe role of novktechnologies in designirigng-lasting products the literature
and analysethe satus of the companies in the emgadipart of the studyl'he role of Al inCE is
definedin the litemature and isnalyzedn the case studie$heaim of the second main research
guestion (RQ2) idirst to identify the technologiethat areutilizing the maintenance services in
companies,and how they help and accelerate companies in delivering @teiobjectives.
Specifically, howAl techniques are implemented to help maintenance serVitestudy answers

to (RQ2)based on the literatureeview on identifying the ways Al techniques cdmelp in
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accelerating maintenance servicéle studyanalyses thetatus of Al in maintenance serviaas

manufacturingcompaniesn the empirical sectian

1.3 Execution of the study

This sectiondescribes the execution of the study. AccordingStunders et al(2009) the
execution of a studyonsigs of research strategy, tirperspectivesn addition todata collection
andanalysis strategie¥he execution of the study consists of two main research phases. Research
process, timetable and the purposeathphases are summarizedrigure 3. The research has
been conducted between January and June 2019. The first phase is the theoretichepsrtdy
based on literature reviews and aims to get the main idea hibleircdncept of circular product
designto identify the currentCBMs and stategies. In particulariterature review helps to
understandhe roles of technologies in CE. In additj how technologies can help companies to
overcomethe challengetowards theilCE objectives are reviewed in the theoretical background
in the literatire review. Moreover, the literature review aito collecttheoretical background on
the role ofAl in CE, in the phase of product lifecycle.

2. Qualitative interviews

4 N\ case studies

ACircular design ACurrent state of Al in
concepts, business CE in companies
models ATo identify the interests

ATechnologies in CE of companiesin

e 1 . . implementing artificial

Aartificial intelligence in intelligence techniques

CE in their CE solutions

—— 1. Literature review - J

-~

Figure 3. The execution of the study

v
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The empirical part of the study consistslofe qualitative case studi@scluding semistructured
interviewswith the experts in three different manufacturing companies. This phase aims to collect
the knowledge, experiences and cognition about cu@8hs in companies and to realize the
gaps if thee would be such. Moreover, the aim is itentify and collect the dpions of
professionals about the current technologies enhai@i@nd in more detail, to figure out the

role of Al in CBMs. Due to privacy policies of the companastheir strategies product design,

it was not possible tahave interview with the experts in technical departments and product
designersTherefore data collection in this era is based on délceessiblelata on the companies
open resources and platforms. In the end, résilts are conducted and analyzed based on
theoretical and empaal implications. The structu the study and methodology are introduced

in more details in chapter four.

1.4 Structure bthethesis

The structure of théhesisis presented with an inpoutput scheme idrigure 4. The thesis is
divided into seven section¥he introductory part gives a brief overview of t8& concept,
introducing the background, scope and target of the sftltly first chapter discusses the main
purpose of the study, pregang the research questions as well as introducing the key concepts of
the thesisThe second section analyses proiddeggn strategies i€E. The third chapter explores

the roles of new technologies IBE, focusing in Al techniques and provides tbkea
understanding of therole dii n pr o d u c Twed cabei stucdkes gnd guelitative method
are presented in the thedology section (chapter four). The results are addressed in section five,
which provides the main observations from the reseaath. th chapter six discussions are
summarized andescribes how to enhance circular business models by help of Al. Jonslus
are drawn in the final section, summarizes theoretical and empirical implications and gives

recommendation for further reseaateas.
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2 CIRCULAR PRODUCT DESIGN

According toEuropean comissin(2012) all the products during their lifecycle have an impact on
environment in all the @ses from the use of raw materials and natural resources, manufacturing,
packaging, trasport, disposal and recyclinghe environmentalmpact of wer 80% of the

products is determined at tpbase of desigrPrinciplesof CE which are shown ifrigure 5 are

inspiredby natural systemend aréoriefly identifiedas follow:design out waste, shift to renewable

energy sources, build resilience dhgh diversity and think in systerfMacArthur, 2013)

According to(Bakker et al., 2014) A ci r c ul ar: elgvates degigntto acksystem lgvel,

Strives to maintain product integrity ; is about cycling at a diffeyade , explores new
relationshipsand x peri ences with products , afrdducts dr i\
design playsan essentiatole in CBM andaffectst he companyds cobmpetitiwv
2018) In this sectioncircular productdesign strategies amescribed and a produdesign

framework for circular desigbusiness mode$ preseted.

Renewables @ Ao Finite materials

Regenerate Substitute materials Virtualize Restore

Renewables flow management Stock management

Farming/collection

\/

Parts manufacturer

Biochemical ' *

feedstock Product
manufacturer

Refurbish/

_ remanufacture Recycle
Restoration ’ Y

Biogas

Service provider

Cascades

Extraction of
biochemical
feedstock

Collection

Collection

Minimize systematic
Leakage and negative
externalities

Figure 5. Circular Economy Principle@dapted fronMacArthur, DE and Waughray, 2016)
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As can be seen iRigure 6, the five main characteristicg circular product$rom the inne loop

to the outer loop are Future proof, Disassembly, Maintenance, Remake and reG[Elohases
theloops by several circles to address the unsustainable resource. However, it only happens if
systems useenewable energy sourcesraxycle theotal of the resourcem its entirelywithout
inquiring inquality losseqMacArthur, 2013)If theseconditionsare not fulfilled a time aspect is
required to slow down the process. Reducing the needs for new products could help in this
situation,manufacturingdurable anduncdional prodwets which canbe used longecould be an
example of thigVan den Berg and Bakker, 2015)

Next phase is disassembly, which is considered amitied stageof the majority of theactions

carried outon the poductsto elongatetheir lifetime or to create new materials. Optimization of
products through disassembly at the design stage can be best done wi@¥e @ddisassembly

gains are determind®esai and Mital, 2005) However, nordestructive disassembly is prioritized

for maintenance and remake, whereas for recycling destructive disassembly is more appropriate
(Peeters et al., 2012Third step is maitenance, which belongs to the aspects of delivering
performance in the use phase for as long as possible. It consists of cleaning, repairing and
upgrading.
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Remake

Future proof

¥

Collection

00

Figure 6. Circular product design mod@dapted from Vaden Berg and B&ker, 2015)

From a design perspective, optimal maintenance can be achieved by designing a product with
lifetime prognostics, whichelpto predictp r o d turctiodirgy in the futuréVan den Berg and
Bakker, D15) Fourh phase is remake, which belongseixtendeduse of components and
includes all the actioneelated toreturned produstfrom buyers Parker (2007)points outthat

since refurbishment, remanufacturing and reconditioningli@e¥selyunderstoodn eachsector

of industry, remake ca be used as an umbrella in this term. In order to achieve affective repair
and upgrading, modules should be defined precisely; therefore, modularity is a key role in remake
stage(Van den Berg athBakker, 2015)Final phase is recycling in which materials are recovered

at end oflife andit is thefinal opportunity b recuperateemaining value of the product or
componentln aCE, recycling is mandatory for all the produd®ecyclability isdictatedprimarily

with the cloice of materialeind the extent to which components can be separated from each other
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(Bakker et al., 2014 Moreover, the bio cyel wherebiologicalmatter is addeds placednext to
recycling circle Thefacility to separate and recover materialsageworthyfrom the design point
of view (Van den Berg and Bakker, 2015)

To summarize, circular product dgsj designs products that last ane lenger (future proof),
can be disassembled, maintained, remade (components) and recycled (makegiats).7

presents a circular product design vision that can be used as a tool during design process.
The figure ca be briefly describatas follow:

Make the product future proof for endless performance and adaptability.
With design for disassembly
Easy maintenance for optional performance

Modular design to remake products

= =2 4 A4 -

And optimizing for recycling at end of life

Recycle Disassembly

Remake Maintenance

Figure 7.Circular product design visio@@dapted from Van den Berg and Bakker, 2015)
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A guideline Ist for circular product desigis available imMppendix 3. The guideline can based

as a tooln product design proceasdis translated into a spider map which isggnted ifrigure

8. This tool can helpn the processeshere there is a lack of detailed informationtbe first

stages of product desighhespider magan be used idiscusgn within a design team to define

the aspects thaequiresconsideratiorfor CE and to realize on which area and what degree the
product needs to be improv@dan den Berg and Bakker, 2013} it is shown in the figurahe

words along the axes, from center to the end, shows the increaseliarityrdn this section, three

tools have been introduced to help product designers in different ways. The circular design vision
presents a quickcan approach, while guidelinegn be used in detailed design and the spider map

can aid designers to compgproducts

Future proof

Timeless design

Adaptable

Recycle Durable .
v Disassembly
Materials are separated during recycling
Quick disassembly
Use low impact materials
Easy disassembly
Limit use and diversity of
fasteners and tools
Difficult to disassemble
Peak design Difficult to service
Use modular components per
function Easy cleaning
Forwards/backwards compatible Repair and upgrade
Life-time prognostics
Reliability assessment
Remake

Maintenance

Figure 8. Spider map for designing circular produslapted from Van den Berg and Bakker, 2015)
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CE aims to circulate the products at their highest value level, thus circular design strategies and
business models @y a key roldor the companies that want to move from a linear@kanodel.
Governmental organizations together with business representsties significantgrowingin
pressure on global resouraswell aglimate(IPCC, 2014) Sinceproduct designs irs the key
factorin the early stages of product development procesessgners playraimportantrole in
providingpossible change®f dispsalandto make better relationshipetweerusers and products
(Lofthouse, 2004)The characteristics @ucha product has a direct influence on the value chain
creationandthe wayit is managedBevilacqua et al., 2008jhusdesignhas avital role to support

closng the loops in supply chair{Souza, 2013)

Figure 9 showsthat since markets are chging fast andthe diversity in consumer produdts
increasingin order to have &etter customedriven market the productionroriented approach
shifted to markebriented (Lin, 2018) More consideration on environmentaspectsand
consumefactors, strengthen product design and develop(@amai Prabhakaran et al., 2008)
addition, accordingo Lin (2018) marginal profits of products and servicesl increaseby

utilizing CE.

» Life Cycle

»  Environment __\ Marginal
___________________________________ Profit
Design 1 Manufacture ' Assembly !'Maintenance ! Disassembly ! User

Figure 9.Value chain of ppduct design and developméataped from Lin, 2018)
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Factors such as existing technical level, supply chain, transport, development strategies, future
planning, policies and regulations and public awareness should be taken into account for a more
affective practice of th€E . McDonough and Braungaf2002)discuss the importance of closing
thebops both technicall y-to-anddbGEaothe thancciadied-y | n 8
grave Next sectionswill provide a literature review of product desigtrategiesand connection

of Industry 4.0andCE for businesses

2.1 Circular design strategies

Vanegas et gR018) defines three product design in the visionGE: fincreasing raterial
efficiency, product life extensn, improving recycling ficiencyo. Moreover,Ellen MacArthur
Foundation 2019) argues features such as disassembly, upgradability or recycled content should
take inb consideration to design the products, components and matexalsd$ circularity
Bocken et alZ016) divided CE into three fundamentatategoriesof narrowing, slowing and
closing theresource loopNarrowing loops is related to resource efficiemdyich aims to use

fewer resources per produslince the currerdtrategies imarrowingthe loops do not affect the
speed of produdtow, narrowingis not an aim of circularity, but can be usededuceheproducts

and processeesource usagéBocken et al., 2016)Slowing loopsfocuseson designingong

lifetime productsand relatedactivitiesto useand reuse products and materias longer time
Moreover, circulating the materials by extending the lifetime of a product can generate revenue
(Pocock et al., 2011¥losing loopds aboutecycling ofgoodsandremovingd | eakagesd fr o
system(MacArthur, 2013) A circular flow of resources happemgrecycling that closethe loop
between postise ad productio. Figure 10shows the three major strategies for design as defined

by (Bocken et al., 201&nd will be illustrated in detaihithe next subsections of this section.
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Figure 10. Strategies of slowing, closing and narrowing the fo(g@apted from Bockest al., 2016)

According toAtlason et al. Z017) in order to gain the proper function of these strategies in End

ofLi fe design, producersdsensénhaaodl| shgut deben
If the priority for consumer is to repair and reuse the prodiuist,not desirable for producer to

design for better recyclabilitfessoussi and Lintof2010) mention the willingness of users to

purchase products with reused or recycled was relatin tperceived functional risk of products.
Therefore, where the perceived risk is high and the margin price is low, users like to buy new
products. Moreover,uses 6 t ol er anc e t owilngnessto payfor thd pgrcetvexlf | ne s

quality of refubished producfHazen et aJ 2012)

2.1.1 Design strategies for slowing loops

In slowing resource loops stegies(Table 2), slowing down the flow of resourcesensuredy
extending the tlization period of the producBased orthe concept aflowing loops whichaims

to prolongusage of materials over timiynctionality is preferred than ownershiesign for
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attachment and trush r Afdesign f or eehmdtoi podueirig the goods Bnd! i t y 0
productsto be loved, liked or trusted longén other words, developinpng-lasting partnerships
(Champan, 2005)Design for durability refers to physical duralyjitherefore durablematerial

selection isone of theimportantpartsof the design process Moreover, @sign for reliability
relates to | ikeli hood tdailurenraspaadfic gedod of maintaimihgi o n a |
in accordance withthemarf act ur er @Vioss,i1885p I)urbetsecond design strategy

in slowing loopsfocuses orlife-extension of the produxtDesignfor ease of maintenance and

repair concerns the servisewhich extend product lifesuch asreuse of products by repair,
maintenanceetc Designng the productdor the purpose ofepair and maintenancallows

products to maintain tlrehigh quaity. Praductsretain the functional capabilities maintenance

throughinspection or servietask performanc@.inton and Jayaraman, 2005 1814.

Table 2. Design stategies of slow down loop&dapted fronBakker et al., 2014)

Designing longlife products Design for productlife extension

A Design for attachment and trust Design for ease of maintenance aepair

A Design for reliabiity and durability Design for upgradability and adaptability

Design for standardization and compatibility

To Do o P>

Design for disand reassembly

Furthermore repairrefersto keep the productsn a goo conditionafter a decay(Linton and
Jayaraman, 2005p. 1813. The aim ofthe second strategy of product {é&tension desigis to
allow further expansion and modificatiodpgradabilityrefersto the ability of the producto
remain functionalinder changinganditionthroughvalue impraeementand improvingguality or
effectivenessetc (Linton and Jayaram&005 p. 1814. Third strategy, design for standardization
and compatibilityfocuses orcreatng productswith the parts thasreusablein other poducts.In
addition,in designng productdor dis- and reassemb|yheaimis to manufacturéhe products and
partsthat can be simplgeparated and disassemb{Bdkker et al.2014) In order to increasthe

future rate ofeusingcomponerg and materia (Wilson, 2010)
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2.1.2 Design Strategies for closing loops

The second major design strategy is for closing the resource fogps. (1994)argues thathere
aret wo possi bl e ways feoycle an eetisedissipativadoss. MeDowough f
and Braungadr(2002)distinguisted two different strategies for product desjdgachnological and
biological cycle.i Bi ol o gi creldte todigsgpatiee slasseswhile the materialsthat fit

it echnol o garecnadeforcecycling dable 3 summarizesClosing Loops Desiy
Strateges. The first strategysuits the products that deliver a service. In technological system
designing, designers aiin developingthe products in a way thahe recycledmaterialscan
consistentlybe used as nematerials(Boulding, 2013)In design strategfor a biological cycle

productsare made foconsumption

Table 3. Design stratgies to close resources logiBocken et al., 2016)

Design strategies tolose lmps

91 Design for a technological cycle
91 Design for a biological cycle

1 Design for disand reassembly

The thirdstrategyis contributing to Design for a Technological and Biological cymtensumg
the products and parthat can be disassembled and sefataimply, essentially in separating
materialsthat enterdifferent cyclegBakker et al., 2014)igure 11 shows an example of each

resource cye.
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BIOLOGICAL RESOURCE CYCLE TECHNICAL RESOURCE CycLE

(For products for consumption) (For products for service)
solar energy renewable energy

oAd) production

” product
technical X
nutrients

plants 1 e
D\?%
biological biological disassembly i return
nutrients decomposition

Figure 11. Resource cycles (Christian Wahl, 2016)

2.2 Circular business model innovatistrategies

In a circular approach, the goal is to generate profits from the flow of products and materials
instead of creating profits from selling the produ@&akker et al., 2014)Therefore CBMs can
enablefeasibleeconomicalwvays in reusing the products and matertalestantly(Bocken et al.,

2016) Business modelgefine the wayorganizations do businessasd are considerk as an
important driver for innovatior(Margetta, 2002) Business models innovation describe the
organizational structure @ companyWirtz et al., 2086) which refers to the way a firm makes
value out ofresourcegTeece, 2010)Chesbrough 2010) distinguishes tat while companies
allocate vast investment on commercializiiog innovative products antechnologieghrough

their business modelt)e capability of makindpusiness model innovation througlhich these

innovationswill pass is limited

According toTeece(2010) as technologies or products do not gutganhebusiness success by

themselveseach poduct deelopment efforrequiresdeveloping business modeidich defines

thestrategies of fgo t o Tremsitkretd s8BMareguiresifacewpyvayu r i n g

of thinking and doing businegberefae it is a radical chander companiesCBM aims to create,

deliver, and capture value by implementing circular strategies which be useful in prolonging
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producs and components lifecyckndto closethe material loopgNuf3holz, 2017) Business
model design requirehe focus on business models that can create and recréatewith less
environmental impact along theroduct lifecycle. Schenkel et al (2015) mention that
organizations can capture revenue stream multiple time through theldefor instance through
extended spareapt. Therefore, separate value creation architecane®quiredin creatng and
captuing value from closing the loops or prolongipgpducts and components useful.lfégure
12 illustrateshow the elerantsof the business models alesigned to suppbin each cycle in

maintaining value and utilization

Interventions for lifecycle value management

Cycles for value
preservation /\ /\ /\ /\
and utilization

e.g. prolongeduse e.g. collection e.g. remanufacturing e.g. material recovery

A\

A
Value Value Value Value
Proposition Proposition Proposition S Proposition
elements elements elements elements
Innovation of Value Value Value Value
business model creation creation creation "' | creation
elements and delivery and delivery and delivery and delivery
elements elements elements elements
Value Value Value .e- Value
capture capture capture capture
A\ elements elements elements elements
Lifecycle

Figure 12. A conceptual framework for CBM (adapted from Nuf3holz, 2017)

According toAntikainen anl Valkokari@018)d Ci r cul ar busi ness model i
networked: theyequire collaboration, comumication, and coordination within complex networks
of interdependent but I n dkep @ctodsMABM mrmovaton s / st ak
which are on top of customer superior valwee fresource efficiency, resource

longevity/effectiveness and econamgrowthd (Geissdoerfer et al., 2017)
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Moreover CE-oriented business mod@novation might create work enrichment or social
relevance valu€Pieroni et al., 2019According to(Urbinati et al., 2017)circular design options
can develop downstream circularity , therefore they might be part of businds$ immavation.
Linder and WillianderZ017)definesCBM as a return flow from the user to the producer, therefore
the concept overlaps with the concept of clogeap supply chains and involves refurbishment,

renovation or repair. A framework for sustainaGBM innovation is shown ifrigure 13.

Figure 13.Sustainable CBM framework (adapted frémtikainen and Valkokari, 2018)

SinceCE oriented business model adds uncertainties and complexities to conventional business
mode| new variables such as reverse on top of forward logistiodd of return of resources,
guantity and quality as well asistomers perceptions and preferences should be considtered
buildinga CBM(Bocken et al., 2018)According toUrbinati et al. (2017)there ar¢hree different

waysin integrating circular principles in business modétsvnstream circulafnew £hemes and
customer interface make alternative vaJugystream circulafchange the value creation systems)

and fully circular(combination of downstream and upstream principleable4 presentshe key

business model strategiés slowing and closinghte resource cyclegefined byBocken et al.
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