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SKILLS AND CAPABILITIES FOR A SUSTAINABLE AND
CIRCULAR EcoNoOMY: THE CHANGING ROLE OF DESIGN

Abstract

Implementing practices for a circular economy transforms the way companies do
business, notably in the manufacturing industry. However, a circular economy
requires a transformation of both production and consumption systems; the standard
approach for creation, fabrication, and commerce of products is challenged. Authors
repeatedly call for the development of new proficiencies to attend to system
transformations, but these so far have not been described for design and engineering.
Given that the design of a product directly influences the way a value chain will be
managed, building circular, globally sustainable value chains inevitably signifies a
fundamental change in the practice of design. Comprehensive analyses were
conducted on case studies from a variety of multinational enterprises that are
transforming their product strategies for climate change. Changes in design processes
were identified, revealing a growing necessity for industry to employ new
proficiencies that support closure of material loops. This paper contributes to existing
literature by depicting successful practices being implemented in industry. A variety of
new capabilities are key to design for a sustainable future; these range from deeper
knowledge of material composition to rich understanding of social behaviour.
Resulting from this research, learning goals are proposed to serve as guidance for
manufacturing companies seeking to tackle climate change. Conclusions aim to
encourage researchers and academics to respond to emerging needs by re-thinking
education in design and engineering.

Keywords: Circular economy, closed loop systems, design for lifecycle, sustainable strategy,
sustainable product-service system (SPSS)
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1. Introduction

Changes are taking place worldwide in business strategy as industries face increasing pressures
from economic crises, resource scarcity and pollution. Material scarcity leading to rising costs,
and recently introduced regulations for extended producer responsibility in the European Union
have rendered sustainability strategies increasingly appealing to Multinational Enterprises
(MNES) (Dobbs et al., 2011; Ongondo et al., 2011).

Many different approaches to sustainability have been explored for the manufacturing industry,
but despite efforts to reduce their carbon footprint, a large amount of enterprises continue to
operate in a take-make-dispose rationale (Abdul-Rashid et al., 2008). Due to the speed at which
the planet’s resources have been exploited, an industrial evolution to effectively extend usable
value of material assets is crucial to sustain human activities in years to come (McDonough and
Braungart, 2001; Allwood et al., 2011).

Implementing holistic sustainability strategies inherently involves changes from the very creation
of a product or service (Nakajima, 2000). The characteristics of a product directly influence the
way the entire value chain will be constructed and managed (Bevilacqua et al., 2008), therefore
design has a crucial role in supporting closed-loop supply chains and shared ownership models
for sustainability (Nasr and Thurston, 2006; Souza, 2013).

Systemic transformations can be hindered when some actors involved are not aware of the role
they are expected to undertake (Senge et al., 2007), especially when it comes to execution.
Research has demonstrated that companies must build new capabilities to operate within
sustainable industrial systems (Alix and Vallespir, 2010; Kopnina, 2014). Therefore, there is a
need to inform education providers, product creators and industry stakeholders on how global
manufacturing and commerce strategies for climate change will transform the practice of design.

1.1.  The Circular Economy as a Pathway to Product Sustainability

The Circular Economy (CE), also known as a ‘closed loop’ economy, is an industrial and social
evolutionary concept that pursues holistic sustainability goals through a culture of no waste. It
emerges from ideologies introduced as long ago as 1862 with ‘Waste Products’ by Simmonds,
‘The Economics of the Coming Spaceship Earth’ by Boulding (1966), ‘Industrial Ecology’ Ayres
and Kneese (1969) and more recent concepts such as ‘Cradle to cradle’ by McDonough and
Braungart (2002), the ‘Performance economy’ by Stahel (1997) and ‘Biomimicry’ by Lovins et
al. (1999), amongst others. In a CE, the end-of-life stage of products and materials must be
replaced by restoration. The CE also regards industries shifting towards the use of renewable
energy, the elimination of toxic chemicals and waste whilst maximising competitive advantage
through the superior design of materials, products, systems and business models (Ellen
MacArthur Foundation, 2012).

Enterprises that have subscribed to a CE reportedly benefit mainly from material savings,
reduced supply risks, improved customer loyalty and the development of new revenue streams
(Winkler, 2011; Ellen MacArthur Foundation, 2014; Schenkel et al., 2015). The CE has also
caught the attention of governments, researchers and NGOs as a plausible road towards
sustainable social growth by ‘closing loops’ and renewing both biological and technical materials
(Giutini and Gaudette, 2003).



The Ellen MacArthur Foundation (2013) summarises four principles of the CE as points of action
to eradicate careless resource depletion and revitalise existing material value in industry:

1. Optimise the use of resources and energy throughout lifecycles.
2. Maintain products and components in use for longer.

3. Materials cycle through the system as many times as possible through cascaded uses.
4. Utilise pure materials for improving quality of post-life use.

Different kinds of product cycles take place within a circular economy. Some loops involve
companies maintaining economic value of material assets during their entire lifecycles, avoiding
products to end up in landfill for as long as possible; some others involve the adoption of

resources that can be reintegrated into nature, or fed into another supply chain (Ellen MacArthur
Foundation, 2012).

Value Flows Primary Source of Revenue Economic Activities
(Ellen MacArthur (Lacy et al., 2014; Bakker et al., to Close Loops
Focus Foundation, 2013) 2014b) (Stahel, 2013)

Profit from increased utilisation rate of
products, enabling shared

Services Cycling smaller — using use/access/ownership. Reuse and remarket of
less energy and fewer manufactured goods
resources Profit from selling access to a product

for a specific period of time or 'uses’,
and retaining material ownership.

Profit from providing maintenance
services or sales of refurbished,
remanufactured or repaired units

Profit from repeated sales of

consumables or services for a long-life Product-life extension

Cycling for longer product activities for goods

Manufactured

products

Profit from selling high quality
products with a long lifespan at a high
price

Profit from recovering
resources/energy out of disposed
products or by-products from the same
or other company, upcycling or
recycling them.

Profit from providing renewable
Materials . energy, bio based- or fully recyclable

Pure or regenerative ; . .
materials to replace single-lifecycle
cycles "
inputs.
Figure 1: Categorisation of business making for CE according to value form, sources of revenue and
economic activities.

Cascaded uses

Material efficiency /
recycling molecules




Necessary organisational changes to foster a CE model of production and consumption primarily
encourage changes in the way industries profit. Figure 1 summarises such changes by illustrating
the elements of economic activities within a circular economy, as found in literature. Authors
consider the biggest challenges for manufacturing enterprises are to adopt the business models
that aim to profit from existing resources and reduce new resource dependency through
servitisation (upper half of Figure 1) (Roy, 2000; Tukker, 2013; Bakker et al., 2014b).

A significant number of publications highlight the importance of developing capabilities to
support strategies for closed-loop supply chains through design (Rahimifard and Clegg, 2008;
Plant et al., 2010). In fact, it has been suggested that designers now have the potential to
influence consumer perceptions and consumption patterns to help industry and society move
away from careless resource depletion (Andrews, 2015), but to do so, “design has to show that it
does more than make superficial changes to products” (Madge, 1993, p. 161).

1.2. Climate Change Challenging Design

Sustainable product design strategies that respond to climate change are far from being new topic
in research. An exploration of available literature was conducted to identify existing design
approaches for climate change strategies. A broad variety of design methods were found, often
with shared rationale and goals.

Authors consistently encourage the use of Lifecycle Assessment (LCA) tools as key to enable
producers and designers to assess the life costs of a product and subsequently manage material
choices for ecological optimisations (Hertwich, 2005; Van Nes and Cramer, 2006). The
implementation of refurbishing and remanufacturing at large scales has been thoroughly explored
as a means to extend the life of electrical and electronic goods and motor vehicles. Consequently,
design guidelines aiming to improve ease of disassembly, material separation and reassembly for
circular products have been a fruitful topic of research (Hatcher et al., 2011; Crul et al., 2009).

Typically, design strategies for climate change are found under umbrella terms such as eco-
design, design for the environment and sustainable design. A more descriptive classification was
needed to clarify concepts for the reader, and aid forthcoming stages of the research. Thus, the
categorisation shown in Table 1 was elaborated. Go et al. (2015) produced definitions and
guidelines of most methods related to designing products for multiple lifecylces, which enabled
identifying the focus in the design process; the research by MacDonald and She (2015) helped to
segment strategies according to the approaches to achieve holistically sustainable design.

Existing tools and methods are indeed effective to support decision making when aiming to foster
sustainable product lifecycles (PLC) (llgin and Gupta, 2010). The Circularity Indicators
Methodology is perhaps the most useful tool to support designers, and companies more broadly,
to assess how well a product or company performs in the context of a CE allowing companies to
estimate how advanced they are on their journey from linear to circular (Ellen MacArthur
Foundation, 2015). However, Tukker (2013) and Bakker (et al., 2014a) consider that design
efforts to increase resource sufficiency need to be further focused towards assessing intangible
value and influencing consumer acceptance of new ownership models. It was found that the



majority of design for sustainability tools and guidelines only concern themselves with the

technical design criteria, disregarding the

sustainability.

bigger picture related to corporate strategies for

APPROACH FOCUS STRATEGY DFX/METHODS
WHOLE SYSTEMS SUSTAINABLE SYSTEMS Radical innovation for
DESIGN sustainability
Reduced
DESIGN FOR EZXI':O;C”Q:maI Design for Supply Chain
ENVIRONMENT ENERGY CONSERVATION P Design for Manufacturing
(PREVENTIVE)

and Assembly

Clean energy
consumption

Material selection for
sustainability

Biomimicry

MATERIAL CONSERVATION

DESIGN FOR LIFE
CYCLE

DESIGN FOR EXTENDED LIFE
(LONGER LIFECYCLES)

Design for Reliability

Design for
Maintenance

Design for Quality

Design for Repair /
Refurbishment

Design for Reuse

Design for Upgrading

Design for
Remanufacturing

Design for Recycling
Design for Cascaded Use

DESIGN FOR END-OF-LIFE
(MULTIPLE LIFECYCLES /
CRADLE TO CRADLE)

Design for
Component Recovery

Design for Material
Recovery

Table 1. Taxonomy of design approaches for a sustainable industry.

Most solutions to implement and maintain a sustainable industry are inter-sectoral and
interdisciplinary (Lozano, 2012), and concurrent teams are a common approach for sustainable
product development and whole systems design. However, research has highlighted issues with
this approach when knowledge is compartmentalised and key information cannot be properly
transmitted (Boehm and Thomas, 2013; Vezzoli et al., 2015), and pointed out a need to develop
new transdisciplinary capabilities to avoid increasing product development time and complexity
(Zwolinski and Brissaud, 2006; VVasantha et al., 2012). It still remains to be clarified what kind of
capabilities should be cultivated in designers.

While it has been established that a change of mind-set driven by environmental awareness is
required from design practitioners (Roux, 2011; Andrews, 2015), an investigation has not yet
been made into the necessary capabilities required to execute both technical and strategic changes
in design for the CE (Hatcher et al., 2011). Furthermore, most of the literature is academic or
with industrial examples mostly from business-to-business (B2B); this reveals a lack of evidence
in the ways design could be changing within other industrial and market systems.

Having found such gaps in current literature, this research aimed to aid in understanding how
technical changes in products, summed to the transformation of industrial systems contribute to
shape the discipline of design within sustainable models of production and consumption. In order
to do so, a thorough exploration was conducted on case studies comprising MNEs from consumer



electronics, fast moving consumer goods, furniture, and automobile industries. From these, six case
studies are comprised by MNEs and two more by local enterprises. Said analysis had the
objective to explore technical and non-technical factors involved in developing a variety of
circular products and services in order to build theories to respond the questions a) How is the
role of design changing with sustainable business strategies when compared to business-as-
usual? and b) Which are design competences required to effectively perform within sustainable
business models?

2. Methods

Case study research has been considered a suitable approach to build theories on a new topic
concerning contemporary events (Eisenhardt, 1989; Yin, 2009). It served to the purpose of
depicting successful practices implemented in industry, which Vezzoli et al. (2015) and Tukker
(2013) considered of utmost importance to encourage application of the existing body of
knowledge regarding systemic transformations for industrial sustainability. Case studies were
gathered from the databases of the Ellen MacArthur Foundation (as of June 2015) and the
consultancy Accenture© (as of June 2015). To overcome the limitation of using case studies
derived from a secondary data source, the data collected and findings deduced were further
validated, where available, through direct interactions with practitioners within the case study
organisations and those organisations who published them. Secondary data was also collected
from press releases, in addition to the web pages of the companies studied, to enable a
comprehensive picture of each case study to be developed and to avoid reporter bias. The
quantity of information collected through use of this approach alongside the accuracy of
inferences made, confirmed by a range of consulting experts, was deemed comparable to
undertaking first hand case study research and justified the deductions made.

As prescribed by Eisenhardt (1989), selection of the cases to study was based on a set of criteria
resulting from a preliminary theoretical framework:

e Manufacturing companies were considered most relevant, given these are especially
challenged when transforming for sustainability (Stahel, 1997).

e Case studies must exemplify a variety of strategies for climate change. The role of design
within different business models should be analysed, therefore the categorisation by Lacy
et al. (2014), was used as a guide to select exemplary case studies.

e Case studies must illustrate applications of circular economy in a wide variety of products
and life-spans; from long-life, costly products to ‘fast moving consumer goods’ (FMCGQG)
and single-use products.

e The analysis should include examples of business-to-business (B2B) and business-to-
consumer (B2C) markets.

The Multilevel Design Model (MDM), proposed by Joore and Brezet (2015) to aid systemic
analysis, is claimed to be useful in determining potential contributions from design both for
tangible and intangible outcomes. Therefore, it was considered suitable as a tool for content
analysis in a systematic manner, ensuring relevant data was collected and keeping a consistent
multiple case study analysis (Eisenhardt, 1989): Reflection to present the characteristics of the
initial situation within the context of the case study. Analysis to describe the objectives and



drivers supporting the transition to a CE. Synthesis to list the developments made within the
company’s system. Experimentation to describe the solutions generated or pursued by the
companies in each case, to achieve business sustainability. As a result, changes in the role of
design, as well as influencing factors within each scenario could be depicted.

The role of design was translated into abilities and skills using the evidence from case studies,
and cross-referencing design requirements in each scenario with a literature framework
concerning Design for X (DfX) strategies, as suggested by Eisenhardt (1989) and Yin (2009).

Firstly, the results of the MDM analyses were presented as an electronic draft to stakeholders
from the companies studied (see Table 2) where available, and to experts involved in
organisations that conducted the original case study. Confirmation of the accuracy of the
Multilevel Analysis and additional input to fix inaccuracies was obtained in the process.

Secondly, a report was formulated for each case study containing a description of the role that
design appeared to play, and a list of capabilities required to fulfil said role. These reports were
also submitted to and validated by the relevant experts, which provided a layer of robustness to
the findings.

Table 2: Panel of validating experts.

Role Company / Organisation
Chief Executive Officer Rype Office®
Program manager Circular Economy Royal Philips
Design director Ecovative
Sustainability Developer Ikea
Head of Innovation Ellen MacArthur Foundation
Lecturer and researcher NHL University of Applied
Science
Circular economy researcher Delft University of Technology

Resulting from this research methodology the implications of creating products suitable for
climate change were explored and analysed, and thus it was possible to formulate learning goals
for designers to support sustainability strategies within MNEs.

In order to scale the findings to a generic panorama of the circular economy, outcomes from the
multiple case studies were compared (Yin, 2009). Practical and theoretical evidence was used to
make connections, differentiate findings and reach conclusions on the requirements for the
designers of a sustainable industrial system.

3. Results: Analysis of CE Strategies Implemented in MNEs
3.1.  Audi®: Sharing Platform for Automobiles



The case of study is Audi Unite™, the car sharing service branch of Audi®, which not only
represents efficiency in the use of materials for automobiles, but also advocates for reducing the
amount of vehicles on the road. In this access-based model, the ownership of the car and remains
within the manufacturer (Audi, 2015). The car then becomes a capital investment for Audi,
therefore it is in their best interest to develop reliable products that can be easily maintained and
re-used. The different levels of the approach taken by Audi® for providing a product-service for

share were identified and summarised in Table 3.

Table 3: System analysis of Audi Unite™ platform. (Data sources: Audi, 2015; Audi AG, 2015abc).

REFLECTION ANALYSIS SYNTHESIS EXPERIMENTATION
Initial State Requirements and targets Developments Implementation of CE
SOCIETAL The automobile industry is
SYSTEM particularly pressured to Car sharing helps reduce
Contextual reduce their carbon footprint | Reduction of carbon Development of the number of cars on the
landscape at all stages of the product footprint and increment of initiatives to promote road, meaning fewer
lifecycle. But usage is responsible car usage. responsible use of fossil CO2 emissions are
normally out of the fuels. polluting the air.
manufacturer's control.
SOCIO- Development of
TECHNICAL The concept of material Promotion of shared specialised service Cars are shared amongst
. . - friends and the service
SYSTEM ownership as a measure of ownership schemes strategies as well as includes full insurance
System innovations | wealth and wellbeing is still through an attractive relevant supply monthly cleaning. an d’
and market rooted in modern society. product-service offering. relationships to support y 9
- fuel cards.
the car sharing scheme.
PRODUCT- L . Development of cleaner The latest Audi® models
SERVICE Since its origins Audi® has : . p -
; ; Creation and adoption of production systems and are offered with an app
SYSTEM been a pioneer of technical

Business and
process innovations

innovations in the
automobile market, and has
one of the most flexible and
efficient production systems.

technological innovation in
services and products, as
key differentiation from
other brands.

engine technologies.
Development of UX
tools like personalised
apps to support the
product-service system.

and a beacon to manage
bill sharing, scheduling
and connect users,
automobile and service
provider.

PRODUCT-
TECHNOLOGY
Product innovations

Customers buy an Audi® for
its design. The latest
technologies in terms of
mechanical innovations,
assisted driving, materials
and aerodynamics are
researched and developed in
Audi®.

Foment desire and use
experience to support
alternative ownership and
aftermarket of cleaner
technologies.
Compatibility with
optimised production
processes.

Design for improved
user experiences and
customisation
alternatives.
Development of
automobiles in
standardised platforms.

Product technologies for
easier management and
enhanced user
experience of shared
units. Automobiles that
ensure quality for long-
life and extended use.

3.2.

Nokia®: Products as a Service for Mobile Devices

Leasing is a strategy under development for creating a CE in Nokia® (Accenture, 2013),
allowing Nokia® to maintain ownership and control the lifecycle of their products to comply
with regulations. Product design strategies must drive customers to prefer leasing Nokia® mobile
phones over owning the competitor's products. For enhancing the service experience, designers
must understand the requirements and expectations from customers as well as the optimal
lifespan of the product based on technology (Tukker, 2013; Bakker et al., 2014a). Table 4 depicts
the multilevel aspects of this climate change strategy.



Table 4: System analysis of Nokia® leasing scheme. (Data sources: Accenture, 2013).

REFLECTION
Initial State

ANALYSIS

Requirements and targets

SYNTHESIS
Developments

EXPERIMENTATION
Implementation of CE

Implementation of

Circular economy

SOCIETAL . Reduction of pollution regulations like WEEE models permit
Mass consumption and - h . .
SYSTEM - caused by disposal of worldwide to improve manufacturers to obtain
reckless disposal of products . - " h
Contextual - dangerous materials collection and benefits from savings by
have led to severe pollution. . .
landscape contained in WEEE. management of recovering rare and
electronic waste. scarce materials.
A large percentage of devices Development of reverse
SOCIO- are uaof?ficiall dgisassembled supply chains and
TECHNICAL - Y Increase returns of EOL collaboration with other Implementation is still
in the second-hand market. . . h >
SYSTEM - L electronic equipment to manufacturers and being tested, requiring
; . Great variation of motivations S -
System innovations : the manufacturer. operators to support significant effort in
for customers to acquire new - -
and market . . alternative product- industry change.
mobile devices. . o
service propositions.
PRODUCT- Mobile communication Mobile devices would be
SERVICE - Improvement in the Accenture® developed a | offered to the consumer
products still hold value at the - - - .
SYSTEM end-of-life. but Nokia® has control of material flows leasing business model as a tool for the function,
Business and R . during product lifecycle for Nokia® to ensure while the ownership of
very little visibility of material - . .
process fl - and at the end of it. returns of products. material assets is
. : ows in the aftermarket. : :
innovations retained by Nokia®.
';/In?cl)):esiﬁin (:sg:ﬁz a;ieth Motivate customers to Design for improved Products with high value
PRODUCT- hi hegt innofation ace and prefer leasing Nokia® user experiences. perception, both initial
TECHNOLOGY g : pace products over owning the Product design to and for the aftermarket.
shortest lives. Electronics o A : S
Product contain complex. often competitor's products. facilitate disassembly Easily diagnosed, and
innovations plex, Support recovery of and material separation suitable for disassembly

expensive cores composed
from a blend of materials.

materials at EOL.

and recovery.

and material separation.

Table 5: System analysis of Rype Office® furniture (Data sources: Ellen MacArthur Foundation,
2015d; Rype Office, 2015).

REFLECTION ANALYSIS SYNTHESIS EXPERIMENTATION
Initial State Requirements and Developments Implementation of CE
targets
. . Development of consumer Circular economy models

SOCIETAL Valuable n_1ater|als are I_ost Increasg in the usage awareness and regulations permit manufacturers to

SYSTEM when furniture reaches its of furniture, and - . - -
- ) F—— . to extend the life of obtain benefits, while
Contextual EOL causing severe landfill | elimination of material products and reduce reducing the amount of
landscape ISSUES. value lost to landfill. resource expenditure. materials going to landfill.
. Introduction of . ;
SOCIO- Customers consider pay-per- | ioilar products by Development of product and Rypg Offlc_e®, offers d_esngn
TECHNICAL use models more expensive - : L services with three options
. - allowing customers to service propositions that - .
SYSTEM or inconvenient due to lack adopt sustainable maximise economic for their customers: Refresh
~ System of ownership. Customers are products or alternative | environmental and social thelr_ existing furr_uture,
innovations and also wary of remanufactured ; receive New furniture or
ownership models value for customers. .
market goods. Remade furniture.
gradually.

PRODUCT- Rype Office® was born as a PrOV'S'Or.] of products Management of a variety of Rypt_e Office® recovers .
SERVICE dvhamic furniture and services that are suppliers and on-site and furniture for remanufacturing
SYSTEM Y - - customised to suit pp g at the end of its first life,

. remanufacturing business S . outsourced capabilities, to - - ]

Business and S . individual client - provides customised design

process specialising in office needs, to foster ensure capacity to serve services and repairs existing
innovations furniture. acceptance. Iarge_: orders and diverse furniture.
furniture types.
Design for cost effective Rype Office® provides
PRODUCT- - . . Design of furnishings remanufacture, including customised furniture of a
TECHNOLOG I_:)esngn W.'thm Rype Office® for multiple life-cycles | ease of assembly and timeless aesthetic. Suitable
is primarily provided as a - . . .
Y . and high disassembly. Design and for maintenance and reuse,
consultancy service and - p -
Product roducts are made-to-order. | customisation. selection of a range of efficient assembly,
innovations P ' building blocks from disassembly and re-

available feedstock.

manufacture.




3.3.  Rype Office®: Products as Services and Life Extension for Office Furniture

The usable life of furniture is dictated by enterprise owners and not users. Second-hand market
for furniture is widely disseminated, but generally unappealing for the high-end customers and it
seldom has the ability to supply large quantities of office furniture for enterprises (Rype Office,
2015). Rype Office® is a UK growing enterprise that approaches the furniture market with a
different strategy; it aims to maximise economic, environmental and social value for customers
by remanufacturing custom or existing furniture and offering a guaranteed buy-back price or
lease option (Ellen MacArthur Foundation, 2015d). Rype Office®’s multilevel impact of their
business strategy is shown in Table 5.

3.4.  Philips Health™: Product Life Extension for Medical Equipment

Medical imaging products represent high investments in and long R&D processes in companies
as Philips®. Despite technology advances, healthcare budgets are increasingly under pressure
and care facilities seek to make use of diagnostic equipment for long periods of time, but their
life-saving character demands optimal reliability (Philips, 2014). Philips® proposes two forms of
business for circular products: the first is pre-owned refurbished units. The second is a new
service business model for medical equipment where clinics would pay for the use of the latest
medical technology, while Philips® retains ownership. Stated by Philips® (2014), modular
design approaches will be used for new products. The objective is achieving highly reusable
subassemblies and maximise residual value of products and facilitate parts harvesting procedures
(Philips, 2014). Different levels of Philips® sustainability strategies are depicted in Table 6.

Table 6: System analysis of Philips® refurbished systems (Data sources: Philips, 2014; 2015).

REFLECTION ANALYSIS SYNTHESIS EXPERIMENTATION
Initial State Requirements and Developments Implementation of CE
targets
?:SSLLCJIS n :Qcpkcl)élsl;tlon Implementation of Circular economy models
SOCIETAL Disposal of man-made - Y regulations like WEEE permit manufacturers to obtain
- disposal of dangerous . . . . . .
SYSTEM materials and dangerous - RSN worldwide to improve benefits, while complying with
materials contained in - - o
Contextual waste have led to severe collection and regulations and providing
landscape landfill and pollution WEEE. Reuse of . management of electronics | customers with the results they
' scarce and expensive -
- waste. require.
materials.
SOCIO- I_-lealthc_are budgets | Introduction of Dev_elopment of service Phlllps(_@ is buying back and re-
increasingly under pressure; - . business and refurbished marketing pre-owned products.
TECHNICAL e - solutions that fit in a o - :
facilities are looking to - product propositions, Maintenance and repair of the
SYSTEM - - restricted budget - -
extend the life of their - fostered by creation of equipment, as well as
System through leasing - f :
. p resources, whenever new client relationships and technology upgrades are
innovations and - - . schemes and : - :
equipment is not strictly - collaboration for reverse included in new access
market refurbishment. e
necessary. logistics. contracts.
Development of - .
A el Philips® has refurbished Expansion of the infrastructure via a Philips® refurblshes and_
SERVICE - P - B . upgrades expensive medical
lines of medical imaging business for Refurbished Systems . -
SYSTEM hich have f furbish f equipment for quality
Business and pro_ductsvy ich have c_Jund refurbished and actory, to support p(oduct assurance. Parts harvesting
an increasing demand in the | remanufactured life extension activities A .
process A - from EOL equipment provides
. - last 20 years. systems. and circular material .
innovations flows perfectly working spares.
Medical imaging products Maximise product life, | Design to boost durability Philips® offers durable,
represent high investments re-use and residual through maintainability. reliable new and pre-owned
PRODUCT- in R&D from Philips® and value. Design for and from healthcare products that can be
TECHNOLOGY | its mechanisms contain reusable, standardised and easily maintained in optimal
Product valuable materials. Products modular components, to working conditions, and be
innovations have long lives and their facilitate production, efficiently upgraded for better
life-saving purpose upgrade and refurbishment | performance.
demands optimal reliability.

10



3.5.

Steelcase®: Product Life Extension for Office Furniture

Steelcase® continuously aims to develop products with better environmental performance and
higher quality and efficiency in their operations (Steelcase, 2015). Further driven by
environmental issues and embracing the Cradle to Cradle© philosophy, Steelcase® currently
leverages for product design and development with a materials perspective (Steelcase, 2015).
Table 7 depicts their current strategies for closed loops.

Table 7: System analysis of Steelcase® furniture (Data sources: Ellen MacArthur Foundation, 2015b;
Steelcase, 2015).

REFLECTION
Initial State

ANALYSIS
Requirements and targets

SYNTHESIS
Developments

EXPERIMENTATION
Implementation of CE

Reduction of pollution

Increase of consumer

Manufacturers are
increasingly aware of the

SS\SSIEEQL zlzit%?isaﬁls?nz\?jghmggsus and elimination of health awareness to reduce EOL and during-use
Contextual waste have led to gevere risks caused by materials landfill, and regulations for | environmental impacts of
landscape landfill and pollution used in living use of polluting materials their products, and are

P P ’ environments. and waste take-back. creating strategies to reduce
them.
TESC(I)—|(I:\III(2: AL Furniture performance Avoidance of material Ich?I\I/:lL?)Fr);Tt]ii)nr:sO;n d Steelcase® is collaborating
SYSTEM linked to "fashionable" value loss at the end of the artnershios with clients with retailers to implement
s factors. Valuable furniture's desirable life, P nip programmes for end of use
ystem : L - and retailers to support .
. . materials are lost when maximising value in the . and reuse to extend their
innovations and - . - remarket, reverse logistics X .
furniture reaches its EOL. | use of furniture. product’s valuable life.
market and EOL treatment.

PRODUCT- Promotion of wellbeing in | Development of processes -
SERVICE f;gilt(;at‘?gr(?fgish?gh quality the workplace without the | and tools to analyse ?rtgslc;rs:ﬁ;siscﬂs;%r&ts
SY_STEM solutions that encompass use O.f ch_emlcal agents. product I!fecycles_ and applies new sustainable

Business and interior architecture Elimination of harmful research in materials to alternatives to continuousl

process furniture and techno’Io effects from improve environmental imorove their PLC Y
innovations ay- manufacturing processes. performance P )
Steelcase® has been Development of Cradle to Cradle Certified®™
PRODUCT- characterised for Application of state-of- biomimicry products. products embedded with
TECHNOLOGY roducina functional the-art technology to Design supported by LCA high functional value from
Product Eustainabgl‘e and st Iis’h develop sustainable and analysis of materials ergonomics to material
innovations roducts that im ?love the products that enrich the chemistry to ensure technology. Steelcase®
gfﬁce environmgnt office environment. suitability for use and EOL | offers high quality, long life
) re-processing. and high residual value.
3.6.  Splosh®: Product Life Extension for Packaging

In short-lived Fast Moving Consumer Goods (FMCG), the functional value of the product
remains in the consumable part of it, while the value of the package ends after a sale is made.
Splosh® is a UK based enterprise that offers an alternative business model for household
cleaning products, enabled by product technology, which aims for minimal environmental
impacts and extended packaging lifecycles (Ellen MacArthur Foundation, 2015e). Table 8
provides an analysis of their product system.
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Table 8: System analysis of Splosh® cleaning products (Data sources: Ellen MacArthur Foundation,
2015e; Splosh, 2015).

REFLECTION ANALYSIS SYNTHESIS EXPERIMENTATION
Initial State Requirements and Developments Implementation of CE
targets
Landfill and water Reduce pollution by Development of regulations Manufacturers addressing the
SOCIETAL S - . . : f
SYSTEM pollution issues due to supporting theuse of | to reduc_e carbon footprln_t environmental impacts of their
reckless disposal of man- | environmentally and environmental labelling, | products, and adopting
Contextual : . o . -
made chemicals and compliant products to avoid using highly toxic substances that can be safely
landscape . . h : A h
packaging waste. and substances. chemicals and palm oil. integrated in biological loops.
SOCIO- .
TECHNICAL | Short-lived FMCG . . Splosh® minimises water
Improve Creation of a supply chain cutting CO2 emissions by up to
SYSTEM products represent 75% P - - .
. sustainability of alternative that reduces 95%. Refillable bottles avoid
System of the waste going to - : :
. . - FMCG. environmental footprint. energy expenditure of recovery
innovations and landfill. .
and recycling.
market
PRODUCT- - Provision of a Development of product- Purchases are made directly
SERVICE %Igag:jng %rr(])ducts are sustainable service offerings that online in a user-friendly
SYSTEM Judged up . alternative to generate a better purchase interface and posted for free in
. performance, price and . . ] -
Business and . - competing cleaning and user experience, and a letterbox sized package to
convenience. Typically S ) .
process . products bought at attends to sustainability suit customer convenience and
. - purchased from retailers. ]
innovations the supermarket. goals. cut retail costs.
Extension in value of Design of package for
PRODUCT- P durability and attachment. Bottle design is durable and
Splosh® developed bottles, optimisation .
TECHNOLOGY innovation in sustainable | of logistics and Secondary package is prevents customers from
Product . . ot log produced focusing on discarding it. Package design
. - chemical formulations improvement of - - .
innovations - . . logistics and recyclability. supports service in a resource-
for cleaning products. chemical efficiency efficient manner
for sustainability. :
3.7.  lkea®: Material Recovery for Home Furniture

Ikea® thrives to produce quality furniture at affordable prices for its customers by optimising
their supply chain processes. Aside from their distinctive user assembled furniture, as a strategy
for logistics optimisation, lkea® is pursuing the use of waste as resources for new products,
simultaneously reducing landfill by establishing take-back campaigns for recycling furniture. In
addition to their process minimisation approach, designers will also require to wisely use
recycled and biodegradable materials in a way that does not complicate recovery at EOL. Table 9
contains an analysis of the developments made by Ikea® to reach a CE.

3.8.  Ecovative®: Circular Supplies for Packaging

Ecovative® is a MNE that emerged from the creation of a mushroom-based material that was
discovered to have properties similar to plastic foams, but being completely renewable
(Ecovative, 2015a). Ecovative® uses a material-first design approach to enhance the functional
and aesthetic performance of mushroom material packaging (Ecovative, 2015b). Design and
adaptation of products from customers must be carefully assessed to ensure process compatibility
(Ecovative, 2015h). Table 10 offers a multilevel depiction of Ecovative® circular supplies.
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Table 9: System analysis of Ikea® activities for material recovery (Data sources: Canada et al., 2007;
Ellen MacArthur Foundation, 2015a; lkea, 2015).

REFLECTION ANALYSIS SYNTHESIS EXPERIMENTATION
Initial State Requirements and Developments Implementation of CE
targets
SOCIETAL Natural resources, such as
SYSTEM wood, are extracted in Companies are increasingly
Contextual large amounts for the Reduction of Increase of consumer . addressing the reduction of
| : - - awareness to reduce landfill, : -
andscape furniture industry and are resource depletion and reaulations for use of resource extraction, their carbon
treated or altered, which and landfill 9 - footprint, and the elimination of
. - polluting materials and waste :
prevents its safe pollution. hazardous chemicals from across
d P take-back. - -
egradation into the their value chain.
environment.
SOCIO- ] ] o
TECHNICAL Furniture Perfo'rmancenls Reduction in the Development of key resource Ikea® is sourcing circular
SYSTEM linked to "fashionable environmental chains to secure recycled ; . :
. : . . . materials and increasing the
System factors. Valuable materials | impact of Ikea® materials and implementation . -
. > - - opportunities for its customers to
innovations and are lost when furniture large volume of reverse logistics that recycle home furnishinas at EOL
market reaches its EOL. manufacturing. support take-back policies. y 9 '
PRODUCT- Ikea® has strived to The company envisions to
SERVICE achieve product quality by Inarain the value Development of state-of-the- | generate as much energy as
SYSTEM building strong supplier ofgsustainabilit in art manufacturing facilities consumed and become a leader in
Business and relationships, producing lkea® roductg that use renewable energy renewable energy.
process large volumes and and o Erations and more resource efficient Ikea® is also leading efforts for
innovations investing in efficient P ' processes. turning waste into resources for
production technologies. new products.
PRODUCT- Design for efficiency in Visually attractive and functional
TECHNOLOGY | The Ikea® business ideais | Optimisation of production and logistics. homeware and furnishings that
~ Product to offer “a wide range of resource and Selection of recycled, can be sustainably produced.
innovations well-designed, functional material usage recyclable and biomaterials Ikea® aims to enable
home furnishing products throughout the and development of reintegration into technical and
at affordable prices product life cycle knowledge to aid recovery at | biological cycles for all materials
EOL. used in their products.

Table 10: System analysis of Ecovative® (Data sources: Ecovative, 2015a; 2015b; Ellen MacArthur
Foundation, 2015c).

REFLECTION ANALYSIS SYNTHESIS EXPERIMENTATION
Initial State Requirements and Developments Implementation of CE
targets
SSO\?SI'IE'E'I\A/IL Landfill pollution Development of Manufacturers becoming aware
contextual issues due_ to mass Elimination of toxic, regqlatlons and ) of t_he environmental impacts of
consumption and polluting waste environmental labelling to their products, and adopting
landscape reckless disposal of : avoid using toxic substances that can be safely
man-made materials. chemicals and materials. integrated in biological loops.
SOCIO- Development of
TECHNICAL Short-lived FMCG Replacement of oil- partnerships and Ecovative® materials can be
SYSTEM products represent - . knowledge to design safely reabsorbed by soil and
: - based materials used in . . - -
System innovations | 75% of the waste ackagin equipment and tooling for can be suitable for production
and market going to landfill. packaging. the production of on any scale.
Mushroom® Material.
PRODUCT- - .
SERVICE Ecovative® materials Provision of alternative Development of process Cost competitive and

SYSTEM Business
and process

were developed to be
renewable, bio-based

sustainable materials for
industry, by meeting
actual performance

innovation using low
energy and yielding high

environmentally alternative to
existing non-sustainable

innovations and biodegradable. requirements. quality. options.
PRODUCT- I . .
TECHNOLOGY Product-technology Generate new concepts Material-first design Design of package and products

Product innovations

innovation is required
to support and spread
the use of new
generation materials.

and adaptation of
existing product
specifications to bio-
based materials.

approach, and
development of specialised
know-how to utilise
Mushroom® Material.

that attract investors for further
possible uses of the
Mushroom® Material products
that reintegrate into nature.
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4. Findings

Table 11: Cross-case analysis of findings.

Case Study Business Model The Role of Design Priority Areas in Related DfX Strategies
PLC (Holt and Barnes, 2009; Go
et al., 2015)
Audi® Sharing Generate desire and foster Manufacture, Sales, | DfQuality
—-B2C Platforms durability. Use, Maintain DfReuse
Facilitate use and maintenance. DfReliability
Facilitate optimised production. DfMaintainance
Boost service/use experience.
Nokia® Products as Generate desire. Manufacture, Sales, | DfQuality
-B2C Services Boost service/use experience. Use, Upgrade, EOL | DfReliability
Retrofit and upgrade based on DfReuse
available materials. DfAssembly/ Disassembly
DfRecycling
DfRemanufacture
DfUpgradeability
Rype Office® Products as Generate desire and foster Manufacture, Sales, | DfQuality
-B2B Services and durability. Maintain, Upgrade | DfReuse
Remanufac- Retrofit and upgrade based on / refurbish DfMaintenance
turing available materials. DfRemanufacture
DfUpgradeability
DfAssembly/
Disassembly/
Reassembly
Steelcase® Product Life Generate desire and foster Manufacture, Sales, | DfEnvironment
- B2B Extension durability. Use, Maintain, DfQuality
High-end and Facilitate use and maintenance. EOL DfReuse
material Improve material performance. DfMaintainability
innovation DfAssembly/Disassembly
DfRecycling
Philips® — Product Life Foster durability. Manufacture, DfQuality
B2B Extension Design modules suitable for Maintain, Upgrade | DfReliability
Refurbish and multiple compatibility and future / refurbish DfReuse
upgrade upgradeability. DfMaintenance
Facilitate use and maintenance. DfRemanufacture
Retrofit and upgrade based on DfUpgradeability
available materials. DfAssembly/
Disassembly/
Reassembly
Splosh® Product Life Generate attachment and foster Sales / distribution, | DfEnvironment
-B2C Extension durability. Use, Maintain, DfSupply Chain
Consumables Facilitate logistics. EOL DfReuse
Boost service/use experience. Affective design
Ikea® Material Generate desire. Manufacture, sales DfEnvironment
- B2C Recovery Adapt to processes and facilitate / distribution, EOL | DfSupply Chain
logistics. DfAssembly/Disassembly
Facilitate Recycling. DfRecycling
Ecovative® Circular Improve material performance. Manufacture, Use DfEnvironment
-B2B Supplies Adapt to processes and facilitate DfQuality
logistics. DfSupply Chain
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A theoretical framework was used to identify existing design methods that aim to fulfil the CE
needs of the MNEs studied. Based on the empirical evidence gathered, the requirements of
‘design for’ (DfX) strategies relevant to each case study were identified, and the necessary
knowledge from designers derived from this. These deductions were validated, as suggested by
Eisenhardt (1989), by the stakeholders from the relevant MNE’s and CE experts. Table 11
provides a full cross-case comparison and description of the design skills validated as suitable for
each business context.

Ten requirements for capability development were identified in this comparison as necessary to
design products and services that support the many pathways to form closed loops of materials
(see first column, Table 12). Adding new areas of knowledge to design curricula could be a
simple prescription to cover the needs of a circular and sustainable industry. However, existing
research highlights the need for product and service design that is suitable for the system and
associated actors in which they will exist (Blizzard and Klotz, 2012; Joore and Brezet, 2015). Thus,
segmentation was judged an appropriate approach to address skill-building for circular design.

Table 12: Design skills necessary to create products for closed loops.

c c c
" S S S "
0|8 | & g g g |12 |,
E| 2 X 4 4 Pl g 2
Capabilities to leverage product | £ | & A LB &b 2 3 S
design S| g b=t = = 2 8 2 =
o - © -1 T 1< 5 n
}2 ) E - = - -2 () & c 1 —
2| O o S o @ 0o S o) <
£ 3 S @ = =R S e 5 S
5|8 |85 |B2 |B82 |28 |§ |
»| o al a< as S as = O
U_ndgrsta}nd logistics and X X X
distribution processes.
Understand the service experience X X X
and how to design services.
Understand user expectations and
perception of value. X X X X X X X
Under_stand factors of the use X X X X
experience.
Understand product wear by use. X X X X X X X
Assess material physical and X X
chemical properties.
Understand engineering functions X X %
of the product.
Understand failure mode and
- X X X
maintenance procedures.
Understand processes for reverse X X X X X
and re-manufacturing
Solve aesthetic and structural
problems with limited supplied X X
components.
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Findings were plotted in Table 12 to determine any overarching skills or patterns in case studies.
It was observed that some skills had patterns of complementing others, while others were
mutually exclusive.

Designer profiles or ‘Design personas’ were formulated based on the various interactions of
design roles found in the case studies, linked to business strategies. Resulting from this research
findings, Table 13 depicts designer archetypes needed for a circular economy, and proposes
additional disciplines for designers to learn from.

Table 13. Features and applicability of the 'design personas' within CE business models and product types.

Design Persona Luxury UX Product- Block-building | Retrofittin Scientific Green fixer
designer service designer g designer designer
designer
Additional areas of Social Social Engineering and | Advanced Chemistry Ecology
knowledge sciences and sciences and manufacturing engineering | and biology
fine arts management. systems
Product type Long-life Long, medium | Technologically | Technologic | Cradle-to- Medium or
(Bakker et al., 2014b) products or short life mature products | al evolving | cradle and short life
with high products on for refurbishing, | products for | biomimicry | products
quality and alternative remanufacturing | upgrading products of | that do not
upfront ownership and | or mass and any life imply a
costs. services. customisation. remanufact | span. change of
uring. ownership.
Sharing Platforms X
Prod_ucts as X X
Services
Product life
extension
© (provision of X X X
S | consumables)
£ Product life
5 extension (high-end X X
3 and reuse)
E Product life
» extension
§ (Refurbish and X X
) upgrade)
@ Products as
Services X X X
(Remanufacture)
Material Recovery
Circular Supplies X X
- B2B X X X X
Lo
= O
< >| B2C X X X X X
=
The service experience and X X
how to design services.
User expectations and X X X X
perception of value.
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Customer’s interactions
with the product and UX.

Product wear by use. X X X

Logistics and distribution
processes.

Engineering system of the
product.

Failure mode and
maintenance procedures.

Processes for reverse and
re-manufacturing

Solving aesthetic and
structural problems with
limitations of supplied
components.

Perform lifecycle
assessments.

Assess material physical
properties.

Assess material chemical
properties.

5. Discussion

The need to construct proficiencies for sustainable design for a closed-loop industrial system had
been thoroughly highlighted by literature. Contemporary research has demanded mind-set
changes and proposed DfX guidelines, but made no specific mention of the necessary
proficiencies to apply them.

The aim of this research was to provide a holistic understanding of how the role of design is
influenced by changes in business-making for a climate change. The objectives were to identify
a) How is the role of design changing with sustainable business strategies when compared to
business-as-usual, and b) Which are the design competences required to effectively perform
within sustainable business models? Selecting case studies from manufacturing firms permitted a
comparison of design targets before and after implementing a circular business model. It must be
mentioned that this choice may have resulted in neglecting result-based services, as
manufacturing firms still tend to develop services based around products (Roy, 2000; Tukker,
2013).

5.1.  How is the Role of Design Changing with Sustainable Business Strategies?

Design was found to be evolving differently across case studies. Figure 2 compares the
sustainable business models analysed herein to BAU in product-based industries (see Generic
production for sales model). CE business model archetypes were mapped according to whether
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material efficiency (e.g. reducing CO2 emissions and waste in their PLC) was more relevant to
their strategy than material sufficiency (e.g. limiting material outputs and employing intangibles
to fulfil a need). In this research, the evidently varied combinations of tangible and intangible
value across CE business models proved to play an important part in determining the nature of
design contributions.

Observed in the Y axis of Figure 2, if the strategy is geared towards material sufficiency, the
level of tangible value is reduced, which means the services gain importance to render customer
value and to profit. Contrastingly, if the enterprise further seeks material efficiency, the tangible
products continue to be central to deliver valuable offerings. This also impacts in the PLC stages
that become crucial for streamlining value. Shown in the X axis of Figure 2, resource extraction,
manufacturing and sales are key stages for traditional product-based businesses. In contrast,
sustainable business models have varied challenges, mostly aiming to generate further value
during use, maintenance and EOL.

e
Generic Production for sales model

© Material
= efficiency
[
>
£
a
o
s
E Product Life Extension
: T
> ;
~ Sharing platforms Sufficiency
— Resources Manufacturing Distribution Use  Maintaining End-of-life
/ Sales

Business involvement in a product’s life

Figure 2: Circular Economy business models compared to business-as-usual.

Analysis of the different contexts studied demonstrated that some industrial transformations
involve a barely noticeable change in the role of design, with their supply chain and operations
facing the greatest challenge; while others represent increasing technical challenges for designers
or extended responsibilities. Relevant changes were identified in the design process and product
canvas.

5.1.1. The design process and product canvas

Aside from performing a primary function, designers must ensure that products are suitable for
multiple lifecycles and continue to appeal to potential consumers. The use of standardised
components as ‘building blocks’, or using a feedstock of available cores to create new products,
is significantly more constrained than designing on a blank canvas, guided by a group of
requirements. This represents a most interesting challenge for design innovation.
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Product life extension appears to signify a reduction in the frequency of physical product design,
which may allow for longer lead times, ensuring new products are thoroughly planned for
superior environmental performance. Changes in the product system imply that different means,
sometimes extrinsic to product embodiment, must be used by designers to create value. This
scenario makes more relevant the suggestions of authors like Pettersen (2015), and Atwal and
Williams (2009) underlining the need to embed symbolic and meaningful ingredients in products,
as a way to enthuse users and create superior use and service experience.

Go et al. (2015) encouraged designers to become conscious of the range of materials they use to
facilitate end-of-life separation. According to this study, however, implementing design methods
for material recovery conveys only a small shift in the design process. In this aspect, there is still
space for further contributions, as suggested by Reay et al. (2011), and designers are expected to
take a more active part in driving scientific innovation.

5.2.  Design competences required to effectively perform within sustainable business
models.

Charnley et al. (2011) pointed out the need for a balance between design-specific knowledge and
transdisciplinary skills, as crucial to engage in problem solving using a wider perspective for
circular economy practices. The ten capabilities listed in Table 12 were found to be key learning
goals for designers to support the transformation of industry for climate change.

The decision to make a segmentation of the skills identified in this research, was largely informed
from the study conducted by Kannengiesser and Gero (2015), who compared the design process
of different disciplines (engineering, software and service design), finding a common ground in
the cognitive process, yet commonalities reduced as the focus shifted to possible design
solutions.

Based on this, it is believed that designers with different skills may attack the same problem but
produce completely different solutions, according to an area of expertise. This study shows that
depth of knowledge in some aspects of circular design is more relevant than others, depending on
the business-market-technology scenarios. Therefore, employing distinct ‘design personas’ for
different systems was considered an effective approach to optimise sustainable solutions. The
design profiles in Table 13, resulting from the present research, are proposed to fully cater to
varied contexts of business models and product types within a closed loop industrial system.

The archetypes geared towards physical products, such as the ‘Retrofitting designer’ and the
‘Block building designer’ are evidently compatible with the widely spread literature concerning
design strategies for component recovery and reuse. The profiles of the retrofitter and technical
block builder answer to the demand, found on existing literature, to address the missing
capabilities hampering the application in practice of available methods of DfRemanufacturing
(Charter and Gray, 2008; Sundin et al., 2009; Go et al., 2015). This archetype is particularly
important to support legislation aimed at repair, upgrade, re-use, disassembly and recycling of
electrical and electronic equipment and other consumer goods such as the European Parliament
and Council Directive 2012/19/EU(2012).
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On the other hand, the design personas ‘Product-service designer’ and ‘Luxury UX designer’
hold the potential to successfully create better user experiences. Through an understanding of
human practices and social behaviour, they would be equipped to meet customers’ needs in
business models that will employ resource °‘sufficiency’. This approach involves further
knowledge of service provision and the related operations that enable it.

The creation of ‘biological cycles’ through ‘smart’ materials that bring benefits to users and
environment, have been encouraged by key authors (i.e. Benyus, 1997; Braungart and
McDonough, 2002). Concept creation for such materials requires designers to be able to work
with and understand scientists, something that is currently rare (Reay et al., 2011). As existing
material assessment tools are only of aid with commodities, the ‘Scientific designer’ is proposed
with a set of capabilities that would permit them to collaborate in new material developments.

Finally, the ‘Green fixer’ is suitable for more traditional approaches to resource circularity that
do not imply a change in consumption patterns, and focus on reducing impact by substituting
harmful elements of products and ensuring recyclability of materials. This particularly
contributes towards legislation aimed at reducing the volume of packaging and packaging waste
such as the European Parliament and Council Directive 94/62/EC (1994).

Undeniably, some capabilities that the ‘Design personas’ represent can be found in existing
careers. For instance, engineering design study programmes may provide the necessary depth of
knowledge to generate standardised, reliable product architectures; but engineers also need to be
thoroughly informed on reverse manufacturing techniques to be able to perform in a CE.
Furthermore, recent studies on pathways to sustainable consumption demand further inclusion of
user behaviour and psychological considerations (Rodriguez and Boks, 2005; Catulli, 2012),
which, according to Pettersen (2015), technical disciplines are not currently equipped to do.
Service engineering, as proposed by Sakao and Shimomura (2007), may be capable of effectively
decoupling functions from material goods, but may be insufficient for design considerations
concerning the ‘product’ element.

Comprehensive assessment of current design education programmes worldwide, and their ability
to produce graduates that fit the design archetypes required for creating a circular economy in the
manufacturing industry, must become a topic for future research. Circular design of the built
environment, which was left out of scope, is also worth further exploration regarding skill-
building.

5.3.  Impact to audience

Changes in the role of design to cater to a changing industry, society and environment had been
explored by a number of authors that contemplated the changing definitions of the discipline of
design (Joore and Brezet, 2015) and offered a retrospective of its evolution up until the 21st
century’s circular economy (Andrews, 2015). Research concludes that designers should now be
‘solution providers’ and not only ‘object creators’ (Meroni, 2008; Roux, 2011).

This paper contributes to the existing body of knowledge by elaborating on the various ways in
which product design and strategies are evolving. The methodology used enabled depiction of the
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different societal, systemic, business and technical aspects of the transformations that MNESs can
undertake for climate change. Key insights were obtained regarding the impact that such
transformations have in design strategies, and how a handful of new design capabilities have the
potential to support existing policy surrounding the reduction of waste and increased utilisation
of valuable assets. However, to achieve more holistic solutions for true circularity, changes in
legislation are required that go beyond reduction and efficiency.

While qualitative studies are non-absolute (Eisenhardt, 1989), this multiple case study analysis
offers the reader much needed insights on system transitions. The validation rationale of this
research was consultative, where experts participated in verifying answers, rather than to
providing answers. This afforded the researchers the potential to propose new answers based on
empirical and theoretical data, while ensuring the correct interpretation of secondary data.

Incorporating a semi-structured interview in the methodology, to build the case studies, could
have aided in obtaining first hand input and more case-specific details. However, the methods
utilised proved an effective means to validate findings regarding necessary skill development.

Despite efforts to present a comprehensive set of case studies using data from multiple sources,
findings cannot be completely objective, as is common to all case study research, and this remains a
limitation of the research. A broader survey of industry may aid in refining skill sets and
governance of design roles, as well as determining significance of demand for specific skills.

6. Conclusions

Holistic sustainability strategies imply a change in business making for MNEs, shifting focus
towards dynamic, intelligent solutions. LCA and carbon footprint reduction tools have the
potential to be valuable to inform decisions, but as tools, they require capable users to be
effectively employed. Human capital skills are central to achieving resource optimisation, rather
than solely relying on solutions provided by automation.

Design targets are changing due to the necessity to innovate while optimising resources, the
emergence of new users in the PLC, and growing product embodiment constraints. The need for
a variety of design skills to support closed loops has been made evident within this work; ranging
from deeper knowledge of material science, engineering techniques and operational processes,
through to proficiencies in service design and a deep knowledge of human behaviour. The need
for a change in legislation to reflect this shift has also been outlined.

New designer archetypes, which are not exclusive to specific products or business models but to
design roles, were modelled with skillsets to attend to the diverse requirements of the circular
economy. Stakeholders in MNEs are encouraged to seek the development of such proficiencies in
their product development teams to boost the successful execution of sustainability strategies.

Findings from this research provide a summarised but complete depiction of changes influencing
design within CE systems, disseminates available knowledge on product strategies for climate
change and further contributes to extend skill-building by identifying areas in which to focus
design education. This has value for multiple audiences:
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1. Local and multinational enterprises are provided with insight into the capabilities they

need within their team to create products and services for successful sustainable business

models.

Design practitioners are given guidance to identify areas to expand their skills.

3. Academics are provided a reference point to assess their syllabus, and ensure new
generations of designers will be fully trained for future industrial needs.

4. Researchers are presented with a panorama to target investigations and technological
development.

no

Illustrated by case studies, industries joining the circular economy can create greater value by
employing designers and engineers to act at different stages of the value chain: from the
development of renewable materials to enhancement of services. Yet the influence in practice of
design must be extended by broader knowledge.

Above all, for any efforts to be significant, every actor involved in product creation —including
consumers- must grasp the real impacts brought by almost a century of extract -make-dispose
practices: The environmental and economic frailty in the global panorama signifies an end to the
age of the ‘consumer’ as a depleting entity (Webster, 2015), and the beginning of the age of the
‘user’, as a pillar for restorative systems.
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