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ABSTRACT

The transition toward a circular economy has increasingly challenged the furniture sector to
reconsider how products are designed, used, maintained, and managed after sale. While
sustainability initiatives within the furniture industry have expanded significantly during
recent years, much of the current focus remains concentrated on upstream activities such as
material sourcing, environmental compliance, production efficiency, and supplier
coordination. In contrast, post-sale lifecycle management, including repair, refurbishment,
reuse, take-back, resale, and product visibility after ownership transfer, remains
comparatively fragmented and underdeveloped across the sector. Although this challenge
exists internationally, this thesis investigates the issue through a Scandinavian design-led
furniture context, where companies are already strongly associated with sustainability,
longevity, and circular design ambitions.

Historically, furniture products were often associated with durability, craftsmanship,
repairability, and long-term ownership. However, industrialisation, globalised manufacturing,
changing consumption patterns, and accelerated product turnover have gradually
transformed the sector toward more fragmented and resource-intensive systems. At the
same time, increasing regulatory pressure, including emerging Digital Product Passport (DPP)
initiatives and circular economy policies within the European Union, has intensified the need
for improved product traceability and lifecycle accountability.

This thesis explores how circular product-service systems may support lifecycle extension
through stronger coordination between furniture companies, customers, and local circular
actors after products enter the use phase. The research particularly investigates the gap
between product design intentions and post-sale lifecycle responsibility.

The study combines literature review, semi-structured interviews, participatory design
methods, and prototype exploration. Empirical data was collected through interviews with
representatives from Normann Copenhagen, Fritz Hansen, Muuto, and Bolia, including
participants working within sustainability, compliance, design, production, and sales-related
roles. In addition, a participatory design game workshop was conducted with Normann
Copenhagen to validate lifecycle challenges and co-explore potential solution directions
through collaborative activities and prototype testing.

The findings indicate that the interviewed companies demonstrate relatively strong
engagement with upstream sustainability practices, including supplier coordination,
compliance work, material traceability, and product longevity strategies. However, the
research also reveals limited operational visibility after sale, fragmented repair and
refurbishment structures, and weak coordination between companies and external circular
actors once ownership shifts to customers. While sustainability ambitions are increasing
across the sector, downstream lifecycle systems remain difficult to operationalise due to
distributed responsibilities, logistical complexity, limited infrastructures, and fragmented
information flows.

To address these challenges, the thesis proposes the Product Lifecycle Activation Tool, a
conceptual digitally mediated system designed to support post-sale lifecycle coordination.



The proposed system connects customers, furniture companies, repair actors, refurbishment
partners, recycling infrastructures, and take-back pathways through a distributed lifecycle
network. Actor-Network Theory (ANT) is used to understand how both human and non-
human actors interact within fragmented lifecycle systems and how digital mediation may
support stronger lifecycle visibility and value retention.

The thesis concludes that the challenge of furniture circularity is not solely connected to
material durability or sustainable production itself, but also to the coordination of
relationships, responsibilities, and information after products leave the point of sale. The
research therefore contributes to ongoing discussions surrounding circular product-service
systems, post-sale lifecycle responsibility, and digitally enabled circular coordination within
the furniture sector.
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Figure 1 : Actor network theory (ANT) Mapping

Figure 1 presents the proposed lifecycle network explored throughout the thesis. The figure
illustrates how the Product Lifecycle Activation Tool functions as a mediating digital actor
connecting furniture companies, customers, product data, repair actors, refurbishment
partners, recycling infrastructures, and take-back pathways within the post-sale phase of
furniture products. Rather than positioning circularity as a purely technical or material
challenge, the figure emphasises the importance of coordination between distributed actors,
infrastructures, and lifecycle information systems.



CHAPTER 1: INTRODUCTION
1.1 Background and Problem Context

The transition toward a circular economy has become an increasingly important topic within
sustainability research, industrial practice, and European policy. In contrast to linear
production systems based on “take—make—dispose” consumption patterns, circular economy
approaches aim to retain products, components, and materials within productive use for as
long as possible through strategies such as repair, reuse, refurbishment, remanufacturing,
and recycling (Geissdoerfer et al., 2017; Stahel, 2016). Although these principles have gained
considerable attention over the last decade, their practical implementation across industries
remains inconsistent and fragmented.

Within this transition, the furniture sector has emerged as a particularly relevant area for
circular economy implementation. Furniture products are generally durable, material-
intensive, and often technically repairable or reusable, making them suitable for lifecycle
extension strategies (Bocken et al., 2016; Forrest et al., 2017). At the same time, the sector
generates substantial environmental impacts associated with raw material extraction,
manufacturing, transportation, consumption, and waste generation.

The furniture industry also reflects a longer historical shift in production and consumption.
Traditionally, furniture was closely associated with craftsmanship, repair, maintenance, and
long-term ownership. Over time, industrialisation, mass production, globalised trade, and
changing consumption patterns transformed the sector into a more complex and
internationally distributed system. Renda et al. describe the European furniture industry as
labour-intensive and characterised by fragmented supply chains, outsourced production
phases, and increasing openness to global markets (Renda et al., 2014). This development has
supported broader access to furniture products, but it has also made lifecycle responsibility
more difficult to coordinate once products move between suppliers, retailers, customers,
repair actors, and waste systems.

Across the European Union, furniture consumption is estimated at approximately 10.5 million
tonnes annually, generating comparable volumes of furniture waste (Forrest et al., 2017;
Renda et al., 2014). The EEB report further highlights that around 10 million tonnes of
furniture are discarded each year in EU Member States, with much of this waste destined for
landfill or incineration rather than higher-value circular pathways such as reuse, repair,
refurbishment, or remanufacturing (Forrest et al., 2017). More recent research similarly
indicates that circular economy ambitions within the furniture sector remain difficult to
operationalise in practice, particularly where product information, reverse logistics, service
infrastructures, and post-sale coordination are fragmented (Wulf et al., 2024).

Furniture products are often treated as long-lasting goods, but their actual lifetime depends
strongly on product type, material quality, use intensity, repairability, maintenance, and user
behaviour. Cooper argues that product lifespans are shaped not only by technical durability,
but also by economic, cultural, and behavioural conditions(Cooper, 2005). Within furniture
specifically, Cooper’s later review of furniture lifetimes shows that the expected life of a
“good-quality sofa” declined from 14.2 years in 1985 to 12.1 years in 1996 and 7.8 years in



2006, illustrating how ownership and replacement practices may shorten the practical life of
products even when they remain physically usable (Cooper et al., 2021). This is important for
circular economy discussions because lifecycle extension depends not only on making
products durable, but also on maintaining the systems and behaviours that keep products in
use.

In response to these challenges, a wide range of circular strategies have been proposed within
both research and industry. These include modular design, material circularity, product-
service systems, reverse logistics, take-back schemes, refurbishment services, and digital
product traceability systems (Bocken et al., 2016; Tukker, 2015; Wulf et al., 2024). Much of
this work focuses on improving circularity during the design and production phases of
products. As a result, increasing attention has been given to durability, repairability,
recyclable materials, lifecycle-oriented design approaches, and responsible sourcing.

However, although circular strategies are widely discussed conceptually, their
implementation after the point of sale remains limited. In practice, products frequently
disappear from company visibility once ownership is transferred to customers, reducing the
ability of companies to influence maintenance, repair, resale, refurbishment, or recovery
pathways (Forrest et al., 2017; Wulf et al., 2024). Consequently, many circular ambitions
remain disconnected from the realities of product use and post-use management.

This challenge is international, as furniture products are increasingly designed, manufactured,
sold, and discarded through globally distributed networks. However, this thesis investigates
the issue through a Scandinavian design-led furniture context as a focused case study.
Scandinavian furniture companies are internationally recognised for design identity, material
quality, durability, and long product lifetimes. At the same time, they operate within global
supply chains, international sales systems, and increasingly complex sustainability
expectations. This makes the Scandinavian context particularly relevant for studying the
tension between circular design intentions and practical post-sale lifecycle responsibility.

The empirical investigation focuses on four design-led furniture companies: Normann
Copenhagen, Fritz Hansen, Muuto, and Bolia. These companies were selected strategically
because they represent established Scandinavian furniture actors with strong design
identities and visible engagement with sustainability, product quality, material responsibility,
and circular economy discussions. They also differ in organisational structure, production
model, market positioning, and circular maturity. Together, they provide a useful basis for
identifying shared patterns and differences in how design-led furniture companies approach
circular implementation, repair, refurbishment, take-back, and post-sale responsibility in
practice.

At the same time, new European regulatory developments are beginning to reshape
expectations regarding lifecycle transparency and product responsibility. Initiatives such as
the Ecodesign for Sustainable Products Regulation (ESPR) and the Digital Product Passport
(DPP) aim to improve transparency regarding materials, repairability, environmental impact,
and product traceability throughout the lifecycle (European Commission, 2020, 2023). While
such policies create pressure for improved lifecycle accountability, they do not directly solve
the practical challenge of coordinating actors and decisions once products enter use phases.



Existing literature, discussed later in Chapter 2, therefore indicates a broader implementation
gap within circular furniture systems. While circular strategies and technological possibilities
continue to develop, less attention has been given to how companies can practically
operationalise lifecycle responsibility after products have been sold. In particular, there
remains limited research exploring how design-led furniture companies can coordinate
relationships between customers, repair actors, refurbishment services, recycling
infrastructures, and digital systems in ways that support practical lifecycle extension.

This thesis addresses this gap by exploring how post-sale lifecycle responsibility may be
supported through a digitally mediated network connecting products, companies, users, and
local service actors. Rather than proposing a fully centralised take-back system, the research
investigates how distributed circular pathways may be coordinated through information,
service integration, and lifecycle decision-making.

1.2 Problem Statement

Although circular economy strategies such as repair, reuse, refurbishment, and recycling are
widely discussed within furniture research and policy, their implementation in practice
remains limited. Many design-led furniture companies incorporate circular considerations
during product development, yet once products are sold, companies often lose visibility into
what happens during the use and post-use phases of the lifecycle.

As a result, products that may still retain functional or material value frequently exit the
system through disposal rather than being redirected toward alternative pathways such as
repair, resale, refurbishment, or local recovery. Existing systems, therefore, remain largely
linear after sale, despite increasing circular ambitions at the design stage.

The challenge is not necessarily the absence of circular strategies, but rather the absence of
practical mechanisms that support coordinated decision-making between actors once
products re-enter consideration due to damage, obsolescence, or changing user needs.
Current systems often lack structured connections between companies, customers, local
repair actors, refurbishment services, recycling infrastructures, and product information
systems.

This creates a gap between circular design intentions and practical lifecycle implementation.
1.3 Problem Formulation
How can circular product-service systems be designed to support lifecycle extension and

value retention in Scandinavian design-led furniture companies, and how can such systems
help bridge the gap between product design and post-sale lifecycle responsibility?

1.4 Research Questions

e How is the circular economy currently conceptualised and implemented within the
furniture sector?



¢ What lifecycle gaps and implementation barriers can be identified across Scandinavian
design-led furniture companies?

e How do furniture companies currently approach repair, refurbishment, take-back, and
post-sale responsibility?

e How can a circular product-service system support feasible post-sale lifecycle
management within design-led furniture networks?

e How can post-sale lifecycle responsibility be supported within design-led furniture
systems through digitally mediated coordination between stakeholders?

1.5 Scope and Delimitations

Scope: This thesis focuses on the post-sale lifecycle of furniture products within Scandinavian
design-led furniture companies. Particular attention is given to situations in which products
become damaged, unwanted, outdated, or at risk of disposal after use. Rather than focusing
solely on product design or material selection, the study investigates how responsibility for
furniture products may continue beyond the point of sale through repair, refurbishment,
resale, take-back, and other lifecycle extension strategies.

The empirical basis of the study consists of interviews conducted with multiple Scandinavian
design-led furniture companies, including Normann Copenhagen, Fritz Hansen, Bolia, and
Muuto. These companies are treated collectively in order to identify shared patterns,
structural conditions, and common challenges related to circular implementation and post-
sale lifecycle management within the sector.

In addition to interviews, the research includes participatory design activities and prototype-
based exploration. A design game and interactive prototype were developed and tested with
participants from Normann Copenhagen in order to explore how lifecycle decision-making
and stakeholder coordination could be supported in practice. The study further considers the
potential role of local circular actors, including repair workshops, refurbishment services,
resale actors, and recycling infrastructures within Copenhagen.

The research combines literature review, stakeholder insights, participatory design methods,
and theoretical analysis to investigate how digitally mediated coordination may support more
feasible and distributed circular pathways within furniture systems.

Delimitations: This thesis does not attempt to redesign the entire furniture industry or solve
all environmental challenges associated with furniture production and consumption. Instead,
the research intentionally focuses on a specific intervention point within the lifecycle: the
moment when products re-enter consideration after use.

The study, therefore, does not aim to develop a complete circular business model, a fully
operational commercial platform, a large-scale reverse logistics infrastructure, or a
technically implemented software system.

While broader circular economy strategies such as material innovation, manufacturing

transformation, and supply chain restructuring are recognised as important, these areas fall
outside the primary scope of this thesis. The research instead concentrates on post-sale
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coordination and lifecycle decision-making, as existing literature and empirical findings
suggest that this phase remains underdeveloped despite increasing circular ambitions.

The proposed tool should therefore be understood as a conceptual and design-oriented
intervention intended to explore how relationships between companies, customers,
products, and local service actors may be coordinated more effectively after sale.

In addition, although the study includes selected stakeholder perspectives from the
Scandinavian furniture sector, it remains a qualitative and exploratory investigation and does
not aim to produce universally generalisable findings across the entire furniture industry.
Access to external repair, refurbishment, and recycling actors was also limited within the
timeframe of the thesis, meaning that some stakeholder roles are explored primarily through
mapping, secondary research, and conceptual integration rather than extensive direct
participation.
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CHAPTER 2: LITERATURE REVIEW
2.1 Circular Economy Challenges in the Furniture Sector

The transition toward a circular economy has increasingly positioned the furniture sector as
an important area for sustainability transformation due to its material intensity, waste
generation, and long yet underutilised product lifecycles. Geissdoerfer describes the circular
economy as a systemic approach aiming to minimise resource input, waste generation, and
environmental impact through closed-loop and regenerative systems (Geissdoerfer et al.,
2017). Within the furniture industry, these discussions have become increasingly relevant due
to growing concerns regarding material extraction, consumption patterns, product disposal,
and lifecycle inefficiencies.

Forrest argues that the European furniture sector remains largely linear despite increasing
circular economy ambitions(Forrest et al., 2017). According to the report, approximately 10.5
million tonnes of furniture are consumed annually across the European Union, generating
similar volumes of furniture waste. The authors further note that a significant proportion of
discarded furniture continues to be incinerated or landfilled rather than retained within
higher-value circular pathways such as repair, reuse, refurbishment, or remanufacturing.
Similarly, Renda identifies structural challenges within the European furniture industry
related to fragmented supply chains, outsourced production systems, and weak lifecycle
coordination across stakeholders (Renda et al., 2014).

Although furniture products are often physically durable and technically repairable, practical
systems supporting lifecycle extension remain comparatively weak. Cooper argues that
product longevity is shaped not only by technical durability, but also by social behaviour,
economic systems, accessibility to repair, and replacement cultures(Cooper, 2005). Mugge
similarly suggests that emotional attachment and user-product relationships strongly
influence how long products remain in use(Mugge et al., 2010). Consequently, products may
be discarded long before reaching their technical end-of-life due to changing aesthetic
preferences, relocation, convenience, or lack of repair accessibility.

Recent studies further demonstrate that sustainability implementation within furniture
systems often remains concentrated upstream. Wulf identifies that many furniture
companies increasingly focus on sustainable sourcing, certifications, production efficiency,
and material transparency, while downstream lifecycle stages remain comparatively
fragmented (Wulf et al., 2024). Similar concerns are raised by Forrest (Forrest et al., 2017),
who argue that although eco-design and recyclability discussions are increasingly common,
operational systems supporting repair coordination, refurbishment, product recovery, and
lifecycle visibility after sale remain underdeveloped.

This imbalance creates a broader implementation challenge within circular furniture systems.
While circular economy principles are widely discussed conceptually, translating these
principles into practical post-sale coordination mechanisms remains significantly more
difficult. As products move across distributed ownership networks, responsibility frequently
becomes fragmented between companies, customers, logistics actors, repair services,
refurbishment actors, recycling infrastructures, and waste systems.
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Although these challenges are international, they remain particularly relevant within
Scandinavian design-led furniture contexts. Scandinavian companies are often associated
with durability, craftsmanship, longevity, and sustainability-oriented branding. At the same
time, these companies frequently operate through globally distributed supply chains and
outsourced manufacturing systems, creating tensions between circular ambitions and
operational implementation in practice.

2.2 Existing Circular Strategies in the Furniture Sector

In response to increasing environmental pressure, a wide range of circular strategies have
emerged within furniture research and industry practice. These strategies commonly include
eco-design, modularity, repairability, reuse systems, refurbishment, remanufacturing,
recycling, reverse logistics, and product-service systems (Bocken et al., 2016; Tukker, 2015).

Bocken identifies slowing, narrowing, and closing resource loops as central strategies within
circular economy transitions (Bocken et al., 2016). Within furniture specifically, slowing loops
often involves extending product lifetimes through durability, maintenance, repair,
refurbishment, or resale. Closing loops, on the other hand, focuses more heavily on recycling
and material recovery after products reach end-of-life stages.

Eco-design has become one of the most widely discussed strategies within circular furniture
literature. Forrest argues that furniture products designed for modularity, disassembly,
repairability, and material separation are more likely to remain within circular systems over
longer periods of time (Forrest et al., 2017). Similarly, Wulf identifies that increasing attention
is being directed toward lifecycle-oriented design approaches capable of supporting material
traceability and post-sale flexibility (Wulf et al., 2024).

However, although many circular strategies appear promising conceptually, implementation
remains uneven across the sector. Forrest notes that furniture companies frequently struggle
to operationalise circular systems due to fragmented supply chains, weak reverse logistics
infrastructures, limited repair coordination, and uncertain economic incentives (Forrest et al.,
2017). Renda similarly identifies that the European furniture sector consists largely of small
and medium-sized enterprises (SMEs), many of which face financial and operational
limitations when attempting to transition toward more circular business models (Renda et al.,
2014).

A further challenge concerns the relationship between product longevity and changing
consumption behaviour. Cooper argues that longer-lasting products do not automatically
result in longer periods of use if consumer behaviour remains replacement-oriented (Cooper,
2005). Consequently, circular implementation depends not only on product design itself, but
also on the systems, services, and infrastructures surrounding products after sale.

These limitations suggest that circularity within furniture systems cannot be understood
solely through material or production strategies. Instead, circular implementation
increasingly depends on how products, actors, information, and services remain connected
throughout the lifecycle.
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2.3 Product Lifecycle Extension and Implementation Challenges

Product lifecycle extension has become a central objective within circular economy
discussions because extending product use phases may significantly reduce material
extraction, waste generation, and environmental impact (Stahel, 2016). Within the furniture
sector, lifecycle extension strategies commonly include repair, refurbishment, resale,
maintenance, upgrading, and component replacement.

Nevertheless, implementing such strategies in practice remains complex. Tukker argues that
many circular business models struggle operationally because they require long-term
coordination between multiple actors rather than isolated production improvements (Tukker,
2015). Similar implementation barriers are identified by Forrest , who notes that furniture
lifecycle systems frequently lack infrastructure supporting repair accessibility, product return
pathways, and local refurbishment coordination (Forrest et al., 2017).

One important challenge concerns visibility after sale. Once products enter customer
ownership, companies often lose access to information regarding product condition,
maintenance history, ownership changes, or disposal decisions. Wulf argues that this lack of
post-sale visibility significantly weakens opportunities for coordinated lifecycle extension and
circular recovery pathways (Wulf et al., 2024).

Additional barriers emerge through fragmented stakeholder responsibilities. Repair services,
refurbishment actors, logistics providers, resale platforms, customers, municipalities, and
recycling infrastructures often operate independently from one another without shared
information systems or coordinated lifecycle management structures. As a result, products
frequently exit the system despite retaining functional or material value.

Economic feasibility also remains a recurring challenge. Forrest identifies that repair and
refurbishment systems may become financially difficult when labour costs, transportation,
storage, and coordination requirements exceed the economic value of recovered products
(Forrest et al., 2017). This issue becomes particularly visible within globally distributed supply
systems where products are manufactured far from end-use markets.

Implementation challenges are therefore not solely technical. Rather, they increasingly
concern coordination, accessibility, infrastructure, visibility, and distributed responsibility
throughout the post-sale phase of products.

2.4 Take-Back Systems and Sustainable Reverse Logistics

Take-back systems and reverse logistics are commonly discussed within circular economy
literature as mechanisms capable of supporting product recovery and material circulation
after use phases. Reverse logistics generally refers to processes through which products move
backward through supply chains for reuse, refurbishment, remanufacturing, recycling, or
disposal (Govindan & Soleimani, 2017).

Within furniture systems, take-back initiatives may involve direct company collection
schemes, trade-in programs, refurbishment systems, second-hand sales, donation pathways,
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or municipal collection infrastructures. Forrest argues that effective reverse logistics systems
are important for enabling higher-value circular pathways beyond material recycling alone
(Forrest et al., 2017).

However, practical implementation remains difficult. Reverse logistics systems often require
transportation, storage, sorting, inspection, repair coordination, and redistribution
infrastructures that may become economically and operationally demanding. Wulf identifies
that furniture products pose particular logistical challenges due to size, transportation costs,
varying product conditions, and distributed ownership patterns (Wulf et al., 2024).

Existing take-back systems also remain relatively centralised within many industries. Products
are commonly expected to return directly to manufacturers or retailers, despite local repair
and refurbishment opportunities potentially already existing within distributed urban
ecosystems. This creates additional transportation burdens and coordination complexity.

At the same time, reverse logistics literature also highlights the importance of information
coordination. Guide and Van Wassenhove argue that successful reverse logistics systems
depend not only on physical product movement but also on visibility, communication, and
coordinated decision-making between actors(Guide & Van Wassenhove, 2009)

These limitations suggest the need for more distributed and locally integrated lifecycle
systems capable of connecting products to nearby circular actors rather than relying solely on
centralised recovery infrastructures.

2.5 Product-Service Systems and Business Model Innovation

Product-Service Systems (PSS) have become increasingly important within circular economy
discussions because they shift value creation away from ownership alone and toward service-
oriented lifecycle management (Tukker, 2015). PSS approaches may include leasing systems,
maintenance services, repair agreements, subscription models, refurbishment programs, or
lifecycle support services.

PSS models may contribute to resource efficiency by encouraging companies to remain
involved throughout longer product lifecycles rather than focusing exclusively on product
sales (Mont, 2002; Tukker, 2015). Antikainen similarly suggests that circular business models
increasingly require companies to reconsider relationships between products, services, users,
and lifecycle value creation (Antikainen et al., 2018).

Within furniture systems, PSS approaches are often connected to office furniture leasing,
maintenance agreements, refurbishment services, or buy-back schemes. Nevertheless,
practical implementation remains uneven. Forrest identifies that many furniture companies
continue to operate primarily through linear sales-based models despite growing
sustainability ambitions (Forrest et al., 2017).

One limitation concerns the operational coordination required after sale. While PSS literature
strongly discusses strategic business model transformation, comparatively fewer studies
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investigate how products, customers, local repair actors, refurbishment infrastructures, and
lifecycle information systems may be coordinated operationally in distributed contexts.

As a result, many circular product-service discussions remain conceptual rather than
practically integrated into post-sale lifecycle systems.

2.6 Digitalisation and Product Traceability

Digitalisation has increasingly been positioned as a potential enabler of circular economy
transitions due to its ability to improve product visibility, material traceability, lifecycle
information sharing, and stakeholder coordination (Konietzko et al., 2020; Neligan et al.,
2023). Within furniture systems, digital technologies are increasingly connected to concepts
such as Digital Product Passports (DPPs), QR-based product information systems, lifecycle
tracking, and digitally mediated circular services.

Neligan argues that digital technologies may improve transparency regarding material
composition, repairability, environmental impact, ownership history, and end-of-life
management (Neligan et al., 2023). Similarly, European policy initiatives such as the Ecodesign
for Sustainable Products Regulation (ESPR) increasingly position Digital Product Passports as
tools capable of supporting circular product information systems across industries (CIRPASS,
2025; European Commission, 2023). However, despite growing attention toward DPP systems
and digital traceability, implementation remains limited and fragmented in practice. Neligan
identifies multiple barriers related to interoperability, fragmented databases, inconsistent
data quality, supplier confidentiality, and lack of standardised information systems across
supply chains(Neligan et al., 2023). Similar concerns are raised by Wulf, who notes that
furniture lifecycle systems frequently lack coordinated infrastructures capable of connecting
companies, customers, repair actors, refurbishment services, recycling infrastructures, and
product information systems within shared digital ecosystems (Wulf et al., 2024).

Current digital systems also remain heavily upstream-oriented. Much of the existing focus
concerns material traceability, environmental reporting, certification documentation, or
supply chain transparency rather than post-sale lifecycle coordination. Consequently, digital
systems may improve product information visibility without necessarily supporting practical
repair access, refurbishment coordination, local circular services, or distributed stakeholder
collaboration after sale.

Additional limitations concern implementation readiness within SMEs. Renda identifies that
many furniture companies operate with limited resources and fragmented digital
infrastructures, making advanced lifecycle coordination systems difficult to operationalise
consistently across distributed actors (Renda et al., 2014).

Digitalisation therefore, presents both opportunities and limitations within circular furniture
systems. While digital technologies may strengthen transparency and lifecycle information
access, they do not automatically resolve the practical coordination challenges surrounding
repair, reuse, refurbishment, or local circular implementation.
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2.7 Critical Synthesis

The reviewed literature demonstrates that circular economy discussions within the furniture
sector have expanded significantly in relation to eco-design, material circularity, recyclability,
product-service systems, and sustainable production strategies. Authors such as Forrest et al.
(2017), Bocken and Tukker collectively highlight the importance of extending product
lifecycles and reducing resource consumption through circular approaches (Bocken et al.,
2016; Tukker, 2015).

However, the literature also reveals several recurring implementation challenges. While many
studies address material selection, design strategies, and recycling systems, comparatively
fewer studies investigate how post-sale lifecycle coordination functions operationally once
products enter distributed ownership and use contexts.

Existing research repeatedly identifies fragmented responsibilities, weak repair
infrastructures, limited reverse logistics systems, and poor lifecycle visibility after sale as
major barriers to circular implementation (Forrest et al., 2017; Wulf et al., 2024). At the same
time, current digitalisation discussions remain strongly focused on traceability and
environmental reporting rather than practical coordination between companies, customers,
repair actors, refurbishment services, and local circular infrastructures.

The literature therefore suggests that circularity within furniture systems is not solely a
material or design challenge, but also a coordination challenge involving distributed actors,
infrastructures, information systems, and lifecycle responsibilities after sale.

Figure 2 presents a critical synthesis of the literature reviewed in this chapter. The figure
illustrates that existing circular furniture research strongly focuses on design, materials,
production, and recycling strategies, while practical implementation challenges such as post-
sale coordination, repair integration, lifecycle visibility, and digitally mediated circular
systems remain comparatively less explored. The figure therefore positions this thesis within
the gap between circular design ambitions and operational post-sale lifecycle management.
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Figure 2: Critical synthesis of existing literature

2.8 Research Gap

Although existing literature strongly addresses circular economy strategies, eco-design,
recyclability, and sustainable production approaches within the furniture sector,
comparatively limited attention has been directed toward practical post-sale lifecycle
coordination between distributed actors.

In particular, there remains limited research investigating how design-led furniture
companies may support repair, refurbishment, resale, take-back, and local circular pathways
after products move into customer ownership. Existing studies frequently discuss circular
strategies conceptually, yet fewer studies examine how these strategies may be
operationalised through coordinated relationships between companies, customers, repair
actors, refurbishment infrastructures, recycling systems, and digital information platforms.

Furthermore, while Digital Product Passports and lifecycle traceability systems are
increasingly discussed within policy and sustainability literature, current discussions remain
primarily focused on transparency and data management rather than distributed post-sale
coordination and lifecycle activation.

This thesis, therefore, addresses a gap between circular design ambitions and the practical
coordination of products after sale. The research specifically investigates how digitally
mediated circular product-service systems may support lifecycle extension and post-sale
responsibility within Scandinavian design-led furniture networks.
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CHAPTER 3: THEORETICAL FRAMEWORK
3.1 Circular Economy as a System Perspective

The circular economy (CE) has increasingly emerged as a dominant sustainability perspective
within both policy and academic discourse. In contrast to linear economic systems based on
extraction, production, consumption, and disposal, circular economy approaches aim to
retain products, materials, and resources within productive use for as long as possible
(Geissdoerfer et al., 2017). Rather than focusing solely on waste management, circular
economy thinking emphasises systemic transitions involving production systems,
consumption practices, business models, infrastructures, and material flows.

Within furniture systems, circular economy strategies are frequently discussed through
approaches such as repair, reuse, refurbishment, remanufacturing, modularity, and recycling
(Bocken et al., 2016). Existing literature often positions the furniture sector as particularly
suitable for circular implementation due to the relatively durable nature of furniture products
and their potential for extended use phases. However, as identified in Chapter 2, practical
implementation remains uneven despite increasing strategic attention toward circularity.

For this reason, circular economy is used in this thesis primarily as a broader system
perspective rather than as the main analytical theory. The concept helps frame the larger
sustainability transition within which the research is situated. It provides the overall context
for understanding why lifecycle extension, post-sale responsibility, and distributed circular
systems have become increasingly relevant within the furniture sector.

At the same time, circular economy literature has also received criticism for occasionally
remaining overly abstract or technologically optimistic (Kirchherr et al., 2017). Several
scholars argue that circular economy discussions frequently focus on idealised loops and
material flows while giving comparatively less attention to the practical coordination required
between actors in real systems. This becomes particularly relevant within the context of
furniture products, where lifecycle extension depends not only on technical possibilities but
also on relationships between companies, users, repair actors, infrastructures, and
information systems.

As a result, the circular economy perspective in this thesis functions primarily as a conceptual
foundation that frames the broader sustainability challenge, while additional theories and
frameworks are used to examine how circular implementation may be operationalised in
practice.

3.2 Value Retention Loops

Value retention loops provide a framework for understanding how products, components,
and materials may remain within productive use at different levels of value preservation. In
contrast to conventional linear systems, value retention approaches prioritise strategies that
preserve the highest possible value of products before considering lower-value recovery
pathways such as material recycling (Stahel, 2016).

19



Within circular economy literature, these strategies are often represented through
hierarchical “R-strategies,” including repair, reuse, refurbishment, remanufacturing,
repurposing, and recycling. Strategies positioned higher within the hierarchy are generally
considered preferable because they retain more of the product’s original material, labour,
and functional value (Stahel, 2016).

This framework becomes particularly relevant within the furniture sector because furniture
products often remain structurally functional even when they are no longer desired,
aesthetically preferred, or immediately usable by the original owner. As discussed in Chapter
2, many furniture products are discarded despite retaining substantial material and functional
value. In this context, value retention loops help shift focus away from end-of-life waste
management toward extended product use and lifecycle continuation.

Within this thesis, value retention loops are relevant because they help structure the possible
pathways explored through the proposed design intervention. Repair, refurbishment, resale,
donation, and recycling are not treated as isolated activities, but as interconnected lifecycle
pathways that exist at different levels of value retention.

At the same time, the framework also reveals important implementation challenges. While
value retention hierarchies conceptually prioritise repair and reuse over recycling, existing
literature demonstrates that higher-value retention strategies often require stronger
coordination between actors, greater information availability, and more service
infrastructures than lower-value disposal pathways (Forrest et al., 2017). Consequently,
although repair and refurbishment may be environmentally preferable, they are not always
operationally prioritised in practice.

For this reason, value retention loops in this thesis are not used merely as a sustainability
hierarchy, but as a way of understanding the practical tensions between circular ambition and
implementation feasibility within post-sale furniture systems.

3.3 Product-Service Systems (PSS)

Product-Service Systems (PSS) refer to integrated systems in which products and services are
combined to deliver value beyond traditional ownership-based consumption models (Mont,
2002). Rather than focusing exclusively on the sale of physical products, PSS approaches
emphasise ongoing service relationships that may include maintenance, repair, upgrading,
leasing, refurbishment, or take-back arrangements (Tukker, 2004).

Within sustainability and circular economy research, PSS has been widely discussed as a
potential strategy for extending product lifecycles and strengthening resource efficiency. By
maintaining longer-term involvement with products after sale, companies may gain greater
opportunities to support maintenance, recovery, and lifecycle optimisation.

This becomes particularly relevant within furniture systems, where products often continue

to retain functional and material value long after initial ownership periods. Existing literature
suggests that post-sale services such as repair support, refurbishment programs, or resale

20



systems may help reduce premature disposal while creating alternative value pathways (Wulf
et al., 2024).

However, PSS implementation also presents several practical challenges. Tukker notes that
transitioning from product-oriented business models toward service-oriented systems often
requires substantial organisational and infrastructural changes (Tukker, 2004). Companies
may need to develop new service capabilities, logistics systems, customer relationships, and
external partnerships. As a result, many firms continue to operate through hybrid systems
where circular services remain supplementary rather than fully integrated.

Within this thesis, PSS is relevant because the proposed intervention does not focus solely on
the product itself, but on the coordination of services and lifecycle pathways after sale. Repair
actors, refurbishment services, resale channels, and take-back options become part of a
broader service ecosystem surrounding the product lifecycle.

At the same time, this thesis does not position PSS as a complete business model
transformation. Instead, PSS is used analytically to understand how post-sale lifecycle
responsibility may extend beyond the moment of purchase through distributed service
interactions and coordinated lifecycle support.

3.4 Actor-Network Theory (ANT)

Actor-Network Theory (ANT), developed primarily by scholars such as Bruno Latour, Michel
Callon, and John Law, is a socio-technical theory that examines how relationships are formed
between human and non-human actors within networks (Latour, 2005; Callon, 1986; Law,
1992). Rather than separating technological systems from social systems, ANT argues that
both human actors and material entities actively shape the functioning of networks.

A central principle within ANT is that agency is distributed across relationships rather than
located exclusively within individual human actors. Consequently, technologies, products,
infrastructures, policies, documents, and digital systems may all function as actors that
influence how networks operate.

This perspective becomes particularly relevant within the context of circular furniture
systems, where lifecycle extension depends on interactions between multiple distributed
actors. Furniture companies, customers, repair workshops, refurbishment actors, resale
platforms, recycling infrastructures, policies, and digital systems all contribute to shaping
whether products continue within circular pathways or exit the system through disposal.

Within this thesis, ANT is used as the primary analytical theory because it enables the research
to move beyond viewing circularity as a purely technical or organisational problem. Instead,
the theory supports an understanding of circular implementation as a relational and socio-
technical process involving coordination between actors with different roles, capacities, and
interests.

The relevance of ANT became increasingly visible throughout both the literature review and
empirical findings. Existing studies repeatedly identify fragmentation, weak coordination, and
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limited post-sale visibility as barriers to circular implementation within furniture systems
(Renda et al., 2014; Wulf et al., 2024). Similarly, interview findings within this research
indicated that responsibility for products often becomes unclear after sale, particularly when
products move across users, locations, or service contexts.

From an ANT perspective, this fragmentation can be understood as a weakly connected
network in which relationships between actors remain unstable or underdeveloped.
Customers may not know where to repair products, companies may lack visibility regarding
product condition after sale, repair actors may lack product information, and recycling
infrastructures may only become involved at end-of-life stages.

Within this context, the proposed Product Lifecycle Activation Tool can be interpreted not
simply as a digital application, but as a mediating non-human actor within the network. The
tool potentially influences relationships between actors by connecting product information,
lifecycle pathways, local services, and user interactions. Rather than replacing existing actors,
the tool functions as a coordinating mechanism that attempts to strengthen interactions
across distributed lifecycle systems.

At the same time, ANT is not used within this thesis to claim that digital systems alone can
“solve” circularity challenges. Existing literature frequently warns against technologically
deterministic approaches that assume digitalisation automatically produces sustainability
transitions. Instead, ANT is used more critically to examine how relationships between actors
may be strengthened, weakened, stabilised, or reconfigured through socio-technical
interactions.

This theoretical perspective therefore becomes particularly valuable for analysing how post-
sale lifecycle responsibility may depend not only on products themselves, but on the broader
network of actors surrounding them.

3.5 Analytical Application of the Framework

The selected theories and frameworks are used within this thesis as complementary analytical
lenses rather than isolated theoretical positions. Each contributes to understanding a
different dimension of the research problem.

The circular economy perspective provides the broader sustainability context framing the
transition away from linear furniture systems toward more circular forms of lifecycle
management. Value retention loops further structure the hierarchy of lifecycle pathways
explored within the study, including repair, refurbishment, resale, reuse, and recycling.

Product-Service Systems contribute to understanding how lifecycle responsibility may extend
beyond traditional ownership models through service integration and post-sale coordination.
This becomes particularly relevant when examining how companies may remain indirectly
connected to products after sale through distributed service ecosystems.

Actor-Network Theory (ANT) serves as the primary analytical lens throughout this thesis. It
supports the analysis of how relationships between products, users, companies, digital
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systems, repair actors, and infrastructures shape the practical feasibility of circular
implementation. Through ANT, circularity is understood not only as a material or technical
challenge, but as a relational and socio-technical coordination issue involving multiple
interconnected actors.

Figure 3 illustrates how the thesis integrates different theoretical and conceptual
perspectives. The circular economy provides the broader system perspective, guiding
discussions on sustainability transitions, lifecycle extension, and resource retention within the
furniture sector. Value retention strategies and product-service system approaches function
as operational perspectives for examining how circularity can be implemented in practice.
ANT serves as the primary analytical framework for investigating relationships, coordination,
mediation, and distributed responsibility among both human and non-human actors within
post-sale furniture systems. Together, these perspectives support the investigation of post-
sale lifecycle coordination in Scandinavian design-led furniture contexts.
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Figure 3: Relationship Between Theoretical and Conceptual Perspectives in the Thesis
3.6 ANT Mapping of the Proposed System

The ANT mapping (see Figure 1) developed illustrates how the proposed system consists of
interconnected human and non-human actors operating across the post-sale furniture
lifecycle.
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The network includes design-led furniture companies such as Normann Copenhagen, Muuto,
Fritz Hansen, and Bolia, alongside customers, repair workshops, refurbishment services,
resale actors, recycling infrastructures, and policy frameworks such as the Digital Product
Passport (DPP) and ESPR initiatives.

Within the mapping, furniture products themselves also function as non-human actors
because they carry material conditions, repair requirements, product information, and
lifecycle histories that influence decision-making processes. Similarly, the proposed Product
Lifecycle Activation Tool is understood as a non-human mediating actor that potentially
coordinates relationships between distributed stakeholders.

Rather than operating through a fully centralised take-back structure, the proposed system
reflects a distributed network model in which local repair actors, refurbishment services,
resale channels, and recycling infrastructures become connected through product
information and lifecycle coordination pathways.

The ANT mapping therefore helps visualise how circular implementation depends not only on
individual actors, but on the quality of relationships formed between them. In this sense,
lifecycle extension becomes less a question of isolated product design and more a question
of how networks of actors are coordinated throughout the product lifecycle.

CHAPTER 4: METHODOLOGY
4.1 Research Approach

This thesis adopts a qualitative and exploratory research approach to investigate how post-
sale lifecycle responsibility may be supported within design-led furniture systems. The
research focuses on understanding implementation challenges, stakeholder relationships,
and lifecycle coordination processes rather than measuring predefined variables or producing
statistically generalisable findings.

A qualitative approach was considered appropriate because the research problem concerns
experiences, practices, organisational perspectives, and interactions between multiple actors
involved in circular furniture systems. Existing literature frequently discusses circular
economy strategies conceptually, yet fewer studies explore how such strategies are
practically coordinated after products have been sold and entered use phases.

The research further follows an abductive logic, moving iteratively between empirical
findings, literature, and design development throughout the thesis process (Dubois & Gadde,
2002). Rather than beginning with a fixed hypothesis, the research direction gradually
developed through interactions between theory, interviews, participatory activities, and
emerging design insights.

This approach became particularly relevant as recurring themes related to fragmented

responsibility, weak post-sale coordination, limited repair visibility, and distributed
stakeholder relationships appeared consistently across both literature and empirical findings.
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4.2 Research Design

The thesis is structured as an exploratory multi-case study involving several Scandinavian
design-led furniture companies, including Normann Copenhagen, Muuto, Fritz Hansen, and
Bolia. These companies were not treated as competing case comparisons, but rather as
collectively contributing perspectives regarding circularity, repair practices, post-sale
visibility, post-sale responsibility, and implementation challenges within the sector.

The research combines four interconnected activities:

o literature review,

¢ semi-structured interviews,

e participatory design activities,

e and prototype-based design exploration.

Together, these methods supported both analytical understanding and iterative design
development throughout the project.

The research process did not follow a strictly linear structure. Instead, insights from interviews
informed the development of the design game and prototype direction, while feedback from
participatory activities further refined the analytical understanding of lifecycle coordination
challenges.

4.3 Literature Review Strategy

The literature review was conducted to establish an understanding of existing research
related to circular economy implementation in the furniture sector, lifecycle extension,
reverse logistics, product-service systems, digitalisation, and distributed circular systems.

The review combined peer-reviewed journal articles, institutional reports, industry reports,
and European policy documents. Particular attention was given to literature discussing
implementation challenges rather than only conceptual circular economy ambitions.

The literature review also played an important role in identifying recurring tensions between
strategic circular ambitions and practical operational realities. Existing research repeatedly
highlighted challenges associated with fragmented supply chains, weak post-sale
coordination, limited repair infrastructures, and insufficient lifecycle visibility. These themes
later became increasingly visible within the empirical findings as well.

Rather than relying on a single report or isolated perspective, the review intentionally
combined multiple academic and institutional sources in order to strengthen analytical
validity and avoid overdependence on one author or framework.

4.4 Semi-Structured Interviews

Semi-structured interviews were conducted with representatives from selected Scandinavian
design-led furniture companies. The interviews aimed to explore how companies currently
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approach circularity, repair, refurbishment, product responsibility, post-sale management,
lifecycle extension, supplier coordination, and sustainability implementation in practice.

A semi-structured interview format was selected because it allowed flexibility during the
conversations while still maintaining consistency across key themes and research areas (Kvale
& Brinkmann, 2009). Although all interviews followed a shared interview guide, the
discussions developed differently depending on the participant’s organisational role,
expertise, and company structure. This made it possible to identify both recurring sector-level
patterns and company-specific perspectives related to circular implementation.

The companies were strategically selected to capture different perspectives within the
Scandinavian design-led furniture sector while still sharing common characteristics related to
sustainability, durability, and design-oriented production. Normann Copenhagen, Fritz
Hansen, Muuto, and Bolia all operate within the premium Scandinavian furniture market, yet
differ in manufacturing structures, organisational setups, sustainability maturity, and
approaches toward circularity. This allowed the research to identify broader patterns across
the sector rather than focusing on a single company case.

The Scandinavian context was selected because the region is internationally associated with
long-lasting furniture design traditions, material quality, and increasing engagement with
circular economy transitions. At the same time, the lifecycle challenges explored in this thesis
are not limited to Scandinavia alone, but reflect broader international challenges related to
circular implementation within furniture systems.

The interview participants were selected based on their professional roles and their
involvement in sustainability, compliance, design, technical development, sourcing, sales, and
lifecycle-related decision-making within their organisations. While the interviews with
Muuto, Fritz Hansen, and Bolia primarily focused on sustainability and compliance
representatives, Normann Copenhagen was intentionally approached through multiple
organisational roles in order to capture a broader internal perspective on how circularity is
understood and operationalised across departments.

Including participants from sustainability, technical development, product design, and sales
at Normann Copenhagen made it possible to compare how lifecycle responsibility, customer
interaction, supplier coordination, and post-sale considerations are interpreted differently
within the same organisation. This multi-role perspective helped reveal tensions between
strategic sustainability ambitions and operational implementation in practice. In contrast, the
interviews conducted with the other companies provided more focused insights into
sustainability governance, compliance structures, material traceability, and lifecycle
management from specialised sustainability-related positions.

Rather than aiming for statistical representation, the interviews were strategically selected to
capture different organisational perspectives across the Scandinavian design-led furniture
sector and to identify recurring patterns, implementation barriers, and differences in how
post-sale responsibility is currently approached.
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STAKEHOLDER INTERVIEW OVERVIEW

Semi-structured interviews were conducted with representatives from Scandinavian design-led furniture companies.

INTERVIEW FORMAT

Semi-structured interviews were used to allow consistency across key themes
while enabling flexibility to explore role-specific perspectives in depth.

NORMANN
COPENHAGEN

i

© 0 @

« supplier coordination

WHY THIS COMPANY?

Normann Copenhagen was selected to obtain
in-depth, multi-role perspectives within a single
9 an understanding of how
sale responsibility are viewed
across departments.

PARTICIPANTS (MULTIPLE ROLES)

+ Sustainability & Compliance Manager

. c10

+ Product Designer

+ Sales Representative

WHY THESE PARTICIPANTS?

Selected to capture diverse internal perspectives
across sustainability, technical development, product
design, and sales - providing a comprehensive

view of lifecycle responsibility, customer interaction,
and operational challenges.

INTERVIEW DURATION

4 interviews x approximately 1 hour each

CONTRIBUTION TO RESEARCH
Provided broader insight into:

« operational sustainabity tensions

+ Product longevity & durability

INTERVIEW GUIDE

A semi-structured interview guide was developed covering the following themes:

Circular economy implementation

+ Repair & refurbishment

« Take-back & post-sale systems

+ Supplier coordination & sourcing

+ Lifecycle visibility
+ Customer interaction

+ Operational barriers

WHY THIS COMPANY?

Fritz Hansen was selected due to its

strong heritage in craftsmanship and
Increasing focus on repair, refurbishment,
and lifecycle initiatives.

PARTICIPANT
+ Head of Sustainabiity & Compliance

WHY THIS PARTICIPANT?

Selected due to direct involvement in
sustainability strategy, lifecycle initiatives,
refurbishment systems, take-back

activities, and compliance implementation.

INTERVIEW DURATION

1 interview x approximately 1 hour

CONTRIBUTION TO RESEARCH
Provided insight into:

« refurbishment practices

+ take-back systems

MUUTO

New Nordic

WHY THIS COMPANY?

Muuto was selected for its modern
design-oriented approach and growing
focus on transparency, sourcing, and
sustainability documentation.

PARTICIPANT
+ Compliance & Sustainability Manager

WHY THIS PARTICIPANT?

Selected due to responsibility for ESG
documantation, sourcing transparency,
supplier compliance, and sustainability
coordination.

INTERVIEW DURATION

1interview x approximately 1 hour

CONTRIBUTION TO RESEARCH
Provided insight into:

+ supplier transparency

BOLIA.COM

i

WHY THIS COMPANY?

Bolia was selected for its strong focus on
sustainabilty integration, made-to-order
production, and emissions reduction
strategies.

PARTICIPANT
« Sustainability Manager

WHY THIS PARTICIPANT?

Selected due to involvement in sustainability
stratogy, product development, emissions
reduction, and operational circularity.

INTERVIEW DURATION

1 interview x approximately 1 hour

CONTRIBUTION TO RESEARCH
Provided insight into:

+ sustainabilty integration

« lifecycle responsibiity + post-sale visibility challenges + ESG implementation + made-to-order production

* customer interaction

+ serial-number traceability
+ material traceabiity + emissions reduction strategies
+ repair coordination

+ operational sustainability coordination + operational circularity challenges

+ lifecycle visibility

INSIGHT while downstream lifecycle visibility and post-sale responsibility remain more fragmented.

)
@ CROSS-INTERVIEW Across the interviewed companies, interviews revealed relatively strong upstream sustainability coordination, .

Figure 4: Semi-structured Interviews — Stakeholder Overview

Figure 4 illustrates the stakeholder interview structure used within the research. The selected
companies represent different operational approaches within the Scandinavian design-led
furniture sector, while the participants contributed perspectives from sustainability,
compliance, technical development, design, and sales functions. Normann Copenhagen was
intentionally approached through multiple organisational roles in order to capture broader
internal perspectives on lifecycle responsibility and post-sale coordination.

The interviews focused on themes including circular economy implementation, product
longevity, repair and refurbishment, take-back systems, supplier coordination, lifecycle
visibility, customer interaction, and operational barriers related to post-sale responsibility.

The interviews were not intended to produce statistically representative findings. Instead,
they functioned as exploratory conversations used to identify recurring tensions,
implementation barriers, and patterns across the sector.

Several recurring themes emerged across the interviews, particularly regarding fragmented
responsibility after sale, difficulties in coordinating repair pathways, limited lifecycle visibility,
and weak downstream coordination despite relatively strong upstream sustainability
structures.
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4.5 Participatory Design and Design Game

In addition to interviews, the thesis incorporates elements of participatory design in order to
explore how stakeholders reflect on lifecycle challenges and circular pathways
collaboratively. Participatory design approaches emphasize active involvement of
participants within exploratory design processes rather than treating users solely as passive
respondents (Brandt et al., 2008).

To support this process, a design game was developed and tested with participants from
Normann Copenhagen. The design game functioned as a collaborative discussion activity
intended to validate the problem formulation, to explore practical lifecycle situations
involving damaged, unwanted, aging, or discarded furniture products, and co-design the
proposed tool.

The activity included:
e icebreaker
e Round 1: scenario-based discussions and collaborative reflection

e Round 2: lifecycle pathway exploration, testing, and codesign
e and feedback regarding the proposed design direction

0 ICEBREAKER em e FEEDBACK & REFLECTION

)
@ 1= &
- =d =X {/‘ = - @) o O
| v AR A
|
- | =
Digital Quiz Game Scenario-Based ‘ Test & Collaborative
Discussions Co-Design Feedback

Figure 5: Participatory design game structure

Figure 5 illustrates the overall structure of the participatory design game conducted. The
workshop combined collaborative discussion, scenario exploration, prototype interaction,
and qualitative feedback collection in order to investigate post-sale lifecycle coordination in
practice.

Participants were encouraged to discuss how products might move through repair,
refurbishment, resale, take-back, or recycling pathways under different conditions and
constraints.

The design game was not intended as a formal evaluation of a finished solution. Instead, it

functioned as an exploratory and reflective activity that helped generate discussion regarding
implementation challenges, stakeholder coordination, and practical feasibility.
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The activity further supported validation of several themes identified through the literature
review and interviews, particularly regarding fragmented post-sale responsibility and the
importance of clearer coordination between actors.

4.6 Prototype Development

The prototype development phase translated the empirical findings and theoretical
perspectives into an exploratory design intervention focused on post-sale lifecycle
coordination within furniture systems. Rather than developing a fully finalised commercial
solution, the prototype functioned as a research-oriented design artefact used to investigate
how different lifecycle actors, services, and information flows could potentially be connected
through a more coordinated post-sale system.

The development process was informed iteratively by the literature review, semi-structured
interviews, Actor-Network Theory (ANT), and the participatory design workshop. Insights
from the interviews revealed recurring challenges related to fragmented lifecycle
responsibility, limited downstream visibility, difficulties in coordinating repair and
refurbishment pathways, and weak communication between actors after the point of sale.
These findings informed the direction of the prototype development process.

Actor-Network Theory (ANT) played an important role during this phase by supporting the
understanding of post-sale systems as networks consisting of both human and non-human
actors. Rather than viewing circularity solely as a material or technical issue, ANT helped
frame lifecycle coordination as a relational process involving companies, customers, repair
actors, infrastructures, product information, digital systems, and service interactions. This
perspective influenced how the prototype was conceptualised and structured throughout the
development process.

The prototype development process focused particularly on:

o lifecycle visibility,

e coordination between distributed actors,

e access to product-related information,

e repair and reuse pathways,

¢ and communication between users and service actors.

The prototype was intentionally developed as an exploratory coordination concept rather
than a fully centralised system. The aim was not to replace existing actors or infrastructures,
but to investigate how different lifecycle actors and services could become more connected
through improved coordination and information flow.

The participatory design workshop also played an important role during the development
phase. Participant discussions, prototype interactions, and collaborative feedback
contributed to refining the direction of the concept and identifying both opportunities and
operational limitations related to implementation, usability, and organisational feasibility.
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Overall, the prototype development phase functioned as a bridge between the theoretical
investigation and the proposed design intervention explored later in the thesis.

4.7 Data Analysis

The analytical process followed an iterative thematic coding approach inspired by Braun and
Clarke (Braun & Clarke, 2006). Initial coding focused on recurring operational challenges
discussed across interviews and participatory activities, including repair coordination, post-
sale visibility, supplier relationships, lifecycle responsibility, and information accessibility.
These preliminary themes were then compared across cases to identify broader structural
patterns and recurring tensions within the furniture sector.

Rather than treating themes as isolated categories, the analysis gradually shifted toward
examining how relationships between actors, infrastructures, and lifecycle processes
influenced circular implementation in practice. This interpretive process became particularly
important in connecting the empirical findings to Actor-Network Theory and understanding
how fragmented coordination shapes post-sale lifecycle responsibility.

Several themes repeatedly appeared across the empirical material, including:
o fragmented post-sale responsibility,

e limited repair visibility,

» weak lifecycle coordination,

e lack of product information after sale,

e operational uncertainty,

¢ and the importance of local circular actors.

These themes later informed both the ANT mapping and the development of the proposed
design intervention.

4.8 Methodological Integration and Iterative Process

The research followed an iterative process where literature, empirical findings, participatory
activities, and prototype exploration continuously informed one another throughout the
project. Rather than functioning as isolated stages, the selected methodologies were used in
combination in order to develop a broader understanding of post-sale lifecycle coordination
within furniture systems.

The literature review established the theoretical and contextual foundation of the research
by identifying existing circular economy challenges, lifecycle extension strategies, digital
traceability discussions, and implementation gaps within the furniture sector. Theoretical
perspectives, particularly Actor-Network Theory (ANT), then supported the understanding of
circular systems as networks consisting of interconnected human and non-human actors.

The semi-structured interviews provided industry-specific insights into operational practices,
sustainability implementation, supplier coordination, repair systems, and post-sale lifecycle
challenges. The interviews also helped identify recurring tensions between relatively strong
upstream sustainability coordination and weaker downstream lifecycle visibility.
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The participatory design workshop created a collaborative environment where participants
could collectively reflect on lifecycle challenges, validate recurring themes identified through
the interviews and literature review, and react to exploratory lifecycle coordination concepts.
The workshop therefore functioned both as a validation activity and as a co-design process.

The prototype exploration phase translated the theoretical and empirical findings into an
exploratory design intervention. Rather than developing a fully finalised technical solution,
the prototype functioned as a research-oriented design artefact used to investigate how
distributed lifecycle actors, services, and information flows could potentially become more
coordinated after the point of sale.

Throughout the research, there was continuous movement between theory, empirical
findings, analysis, and design exploration. This iterative process allowed the direction of the
project to evolve gradually as new insights emerged across different stages of the research.

LITERATURE
REVIEW

SEMI-STRUCTURED PARTICIPATORY
INTERVIEWS DESIGN WORKSHOP

PROTOTYPE
EXPLORATION

ANT ANALYSIS &
SYNTHESIS

ITERATIVE PROCESS

Continuous movement between methods to refine understanding,
validate insights, and inform design development

WHY THESE METHODOLOGIES? THEORETICAL FOUNDATION
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industry insights, and user of existing practices and to exploring and testing potential dependencies, and system o
. 4 e Guides the understanding of how human
perspectives to understand collaborative exploration of solutions through workshops and dynamics within the post-sale
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Findings at each stage informed earlier assumptions, refined research questions, and shaped subsequent development.

Figure 6: Research methodology overview

Figure 6 illustrates the overall methodological structure of the thesis and the iterative
relationship between literature review, empirical investigation, participatory activities,
theoretical interpretation, and design exploration throughout the research process.
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4.9 Reflections and Limitations

Several limitations should be acknowledged within the methodological approach of this
thesis.

First, the study is qualitative and exploratory in nature, meaning that the findings are context-
specific and not intended to represent the furniture industry universally. The research focuses
primarily on Scandinavian design-led furniture companies operating within particular
organisational and cultural contexts.

Second, while the research intended to involve additional repair and refurbishment actors,
access to external circular partners remained more limited than initially anticipated within
the project timeframe. Consequently, such actors are represented more strongly through the
proposed system mapping and design exploration than through direct empirical participation.

Third, the developed prototype functions as a conceptual design intervention rather than a
technically implemented platform. The thesis therefore, focuses on exploring relationships,
coordination mechanisms, and lifecycle pathways rather than evaluating technical
implementation at commercial scale.

At the same time, the combination of literature review, interviews, participatory design
activities, and prototype exploration provided multiple perspectives on the research problem.
The recurring appearance of similar implementation challenges across different methods
strengthened the analytical consistency of the study.
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CHAPTER 5: EMPIRICAL FINDINGS AND INTERVIEW ANALYSIS
5.1 Introduction

This chapter presents the empirical findings collected through semi-structured interviews
with representatives from selected Scandinavian design-led furniture companies, including
Normann Copenhagen, Fritz Hansen, Muuto, and Bolia (see Figure 4). The interviews explored
how sustainability, circularity, product longevity, repair, supplier coordination, lifecycle
visibility, and post-sale responsibility are currently approached within practice.

The selected companies were strategically chosen because they represent established actors
within the Scandinavian premium furniture sector while also differing in organisational
structure, production models, sustainability maturity, and operational approaches toward
circularity. Although all four companies are associated with durability, design quality, and
sustainability-oriented branding, they operate through different supply chain structures,
customer relationships, and lifecycle strategies. This made it possible to investigate both
shared sector-level patterns and differences in how circularity is currently interpreted and
operationalised across design-led furniture systems.

The selected companies also represented different operational perspectives within the
Scandinavian furniture sector. Normann Copenhagen was particularly relevant due to its
strong design-oriented identity and growing sustainability ambitions, while still facing
fragmentation in post-sale operational coordination. Fritz Hansen provided insight into
comparatively more mature circular initiatives, including internal production capabilities and
emerging take-back activities, while simultaneously highlighting logistical and scalability
challenges connected to circular implementation. Muuto contributed perspectives related to
governance structures, compliance requirements, sourcing transparency, and increasing
traceability pressures associated with large-scale international supply chains. Bolia added a
stronger customer-oriented perspective, particularly regarding sustainability communication,
retail positioning, and growing market expectations related to transparency and circular
responsibility.

The Scandinavian context was selected as a focused case study because the region is
internationally associated with long-lasting furniture traditions, material quality, and
increasing engagement with sustainability and circular economy transitions. At the same
time, the lifecycle challenges explored throughout this thesis are not limited to Scandinavia
alone, but reflect broader international implementation challenges related to post-sale
lifecycle coordination within furniture systems.

The interview participants were selected based on their professional roles and their
involvement in sustainability, compliance, design, technical development, sourcing, sales, and
lifecycle-related decision-making processes within their organisations. While the interviews
with Fritz Hansen, Muuto, and Bolia focused primarily on sustainability and compliance-
oriented representatives, Normann Copenhagen was intentionally approached through
multiple organisational roles in order to capture broader internal perspectives across
departments.
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This multi-role approach within Normann Copenhagen made it possible to compare how
lifecycle responsibility, circularity, customer interaction, supplier coordination, and post-sale
considerations are interpreted differently across sustainability, technical, design, and sales
functions within the same company. In contrast, the participants from Fritz Hansen, Muuto,
and Bolia contributed more specialised perspectives related to sustainability governance,
compliance structures, sourcing transparency, material traceability, and operational
implementation.

Rather than functioning as isolated case studies, the interviews collectively illustrate how
circularity is currently operationalised within design-led furniture systems and where
limitations continue to exist in practice. Several recurring themes emerged consistently across
the interviews, particularly regarding fragmented post-sale responsibility, limited lifecycle
visibility after sale, weak downstream coordination, and the operational difficulties
associated with repair, refurbishment, and take-back systems despite relatively mature
upstream sustainability structures.

5.2 Normann Copenhagen

5.2.1 Interview Summary

The interviews with Normann Copenhagen included perspectives from sustainability and
compliance, technical development, product design, and sales. Together, the discussions
revealed a company strongly focused on durability, aesthetics, supplier relationships, and
long-term product quality, while also navigating increasing sustainability expectations and
regulatory pressures.

Normann Copenhagen operates through a combination of internally coordinated product
development and external manufacturing partnerships. While design and brand identity
remain central to the company, production is largely carried out through suppliers and
manufacturers across different regions. This creates a system in which sustainability
responsibilities are closely connected to supplier coordination, certifications, documentation,
and material traceability.

From the sustainability perspective, Thea Poulsen explained that a large part of the current
sustainability work involves responding to increasing compliance and reporting obligations
linked to European regulations and material accountability.

“There’s quite a few different regulations and things we have to comply with.” — Thea
Poulsen, Sustainability & Compliance Manager, Normann Copenhagen.

At the same time, sustainability was described not as a completely separate operational area,
but as something embedded within the company’s broader design philosophy through
durability and longevity.

“It’s part of the core DNA... always producing products that are timeless in design, very high

quality, and durable.” — Thea Poulsen, Sustainability & Compliance Manager, Normann
Copenhagen.
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However, this also suggests a potential gap between strategic sustainability narratives and
operational lifecycle responsibility. While durability and timelessness are strongly
emphasised rhetorically, downstream systems supporting repair coordination,
refurbishment, or lifecycle tracking remain comparatively underdeveloped. This raises
guestions regarding whether durability alone is sufficient to achieve meaningful circularity
without corresponding post-sale infrastructures.

“I’'m the sustainability person, but I’'m actually not involved in the product development
phase.” — Thea Poulsen, Sustainability & Compliance Manager, Normann Copenhagen.

The technical interview further demonstrated how supplier relationships function as a central
operational structure within the company. Suppliers are evaluated not only through cost and
quality considerations but increasingly through ESG-related requirements, certifications, and
codes of conduct.

“We have a code of conduct they need to follow.” — Sgren Stryhn, CTO, Normann
Copenhagen.

The discussion suggested that sustainability visibility is currently stronger upstream within
sourcing and production stages than downstream after products enter customer use phases.
While the company maintains extensive supplier information and certification-related
documentation internally, this information does not always remain highly visible or accessible
once products move beyond sale.

This imbalance became particularly visible when discussing post-sale systems. Although
durability and product longevity are strongly prioritised, the interviews revealed fewer
structured systems related to repair coordination, lifecycle tracking, refurbishment pathways,
or distributed take-back networks after ownership transitions.

The product design interview further highlighted tensions between circular ambitions and
practical design realities. Sustainability was not framed solely through materials, but through
broader considerations involving assembly, disassembly, customer experience, and long-term
usability.

“Sometimes it’s not about the material, sometimes it’s about the process and the design.” —
Yuchen Wu, Designer, Normann Copenhagen.

At the same time, the designer explained that circular strategies such as disassembly are not
always straightforward within premium furniture contexts where customer expectations
strongly shape product experiences.

“We cannot really sell a chair that’s 6,000 kroner and then ask them to disassemble for half
an hour.” — Yuchen Wu, Designer, Normann Copenhagen.

The sales perspective further reinforced how sustainability is increasingly becoming part of
customer communication and market expectations. Sustainability was described not only as
an internal operational concern but also as a growing expectation from customers seeking
transparency regarding materials, sourcing, and environmental responsibility.
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“Customers also have much higher requirements of really showing where the material is
from.” — Martje Meinert, Sales Manager, Normann Copenhagen.

Overall, the interviews suggested that Normann Copenhagen demonstrates relatively mature
upstream sustainability structures related to sourcing, supplier coordination, certifications,
and product quality. However, visibility and coordination appear to weaken once products
move into post-sale and post-ownership phases, where lifecycle pathways become less
structured operationally.

5.2.2 Key Takeaways

The Normann Copenhagen interviews demonstrated that sustainability is strongly embedded
within ideas of durability, product quality, supplier responsibility, and timeless design.
Sustainability work appears increasingly influenced by compliance pressures and customer
transparency expectations, particularly regarding materials and sourcing.

At the same time, the interviews revealed that post-sale lifecycle visibility remains
comparatively limited. Although products are designed for long lifespans and the company
maintains significant upstream supplier knowledge, operational systems connecting repair,
refurbishment, lifecycle tracking, and distributed take-back pathways remain relatively
fragmented after products leave the initial sales stage.

5.3 Fritz Hansen

5.3.1 Interview Summary

The interview with Patrick Runge Clausen, Head of Sustainability and Compliance at Fritz
Hansen, provided one of the clearest operational examples of how circularity is currently
being implemented within a Scandinavian design-led furniture company. Compared to the
other interviewed companies, Fritz Hansen demonstrated a more developed approach
toward refurbishment, repair, and selective take-back systems, particularly within
professional and contract-based contexts.

Patrick described durability and longevity as deeply embedded within the historical identity
of the company rather than as a recently introduced sustainability strategy. Sustainability was
repeatedly connected to maintaining products over long periods of time and preserving long-
term product value through care, repair, and continued use.

“We already have physically long-lasting products.” — Patrick Runge Clausen, Head of
Sustainability & Compliance, Fritz Hansen.

The interview highlighted how several products remain in production and use for decades,
reinforcing the company’s emphasis on timelessness and product longevity.

“We have products that have been in production for 70 years.” — Patrick Runge Clausen,
Head of Sustainability & Compliance, Fritz Hansen.
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Rather than framing sustainability primarily through recycling, the discussion focused more
strongly on maintenance, refurbishment, spare parts, and extending the useful life of existing
products.

“If you take care of your products, then the product would also last even further.” — Patrick
Runge Clausen, Head of Sustainability & Compliance, Fritz Hansen.

An important aspect of the interview involved understanding how the company currently
approaches repair, refurbishment, and take-back systems in practice. Patrick explained that
Fritz Hansen has developed what he described as a “Renew” concept consisting of spare parts,
refurbishment, and buy-back or recrafted products. Unlike some of the other interviewed
companies, the discussion demonstrated that circular initiatives within Fritz Hansen are
already being operationalised beyond purely conceptual ambitions.

At the same time, these systems were described as highly dependent on logistics, scale, and
customer type. Rather than implementing a universal take-back system across all customer
groups, the company has initially focused on larger institutional and contract-based settings
such as schools, universities, and canteens where products can be aggregated more
efficiently.

“Yeah, that's what we start with now because if we need to buy back one chair and then one
chair and then it's so complicated, it's easier if we can buy 200 chairs at once or 500 chairs or
100 chairs. It's easier logistics, it's easier pricing.” — Patrick Runge Clausen, Head of
Sustainability & Compliance, Fritz Hansen.

This also reveals an important tension within circular implementation. While circular
economy discourse frequently promotes universal repair and recovery systems, the findings
suggest that circular infrastructures operate far more efficiently when products are
geographically concentrated and ownership is aggregated. From an ANT perspective, this
demonstrates how the stability of circular networks depends heavily on logistical alignment
between actors. In dispersed consumer markets, products become significantly more difficult
to coordinate because transportation systems, ownership structures, and recovery actors
remain weakly connected. As a result, circularity becomes not only a sustainability challenge,
but also a coordination and infrastructure challenge shaped by power, scale, and economic
feasibility.

The interview also revealed that refurbishment and circular initiatives are expected to remain
economically viable rather than functioning solely as environmental experiments. Patrick
explained that significant internal discussions initially took place regarding whether
refurbishment and buy-back systems could become financially sustainable due to the
complexity and labour intensity involved.

“Yes, but we're still making money.” — Patrick Runge Clausen, Head of Sustainability &
Compliance, Fritz Hansen.
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Interestingly, the interview suggested that refurbished furniture is not necessarily positioned
as lower-value furniture. Instead, restored products are treated as premium products
connected to quality assurance, craftsmanship, and long-term brand value.

The operational structure of the company also revealed a hybrid manufacturing system
involving both in-house production and external manufacturing partners. Patrick explained
that some products are produced internally in Poland, particularly the most sold stacking
chairs and upholstery-related processes, while other product categories are manufactured
through third-party suppliers in different regions such as China and Indonesia depending on
material expertise and production capabilities.

“We do almost everything because we have our own production.” — Patrick Runge Clausen,
Head of Sustainability & Compliance, Fritz Hansen.

At the same time, the interview demonstrated that supplier coordination and outsourcing
remain important operational realities within the furniture sector.

The interview further revealed that Fritz Hansen has already begun experimenting with forms
of product traceability and lifecycle visibility through serial-number systems connected to
customer ownership and invoices.

“Today most furniture we have what's called like a serial number on it because everything is
made to order.” — Patrick Runge Clausen, Head of Sustainability & Compliance, Fritz Hansen.

Patrick explained that serial numbers allow the company to identify ownership and product
history through a connected registration system. This demonstrated that partial lifecycle
visibility systems already exist operationally within the company, even if broader lifecycle
coordination remains limited.

At the same time, the interview also highlighted practical limitations regarding repairability,
logistics, and post-sale infrastructure. While refurbishment, reupholstery, and spare parts are
possible for selected products, Patrick acknowledged that not all products are equally
repairable and that restoration processes remain highly manual and resource-intensive.

The discussion further revealed that logistics continue to function as a major barrier for
broader circular implementation, particularly within globally distributed consumer markets.

Overall, the interview suggested that Fritz Hansen currently represents one of the more
operationally advanced examples of circular experimentation among the interviewed
companies. However, the findings also demonstrated that even relatively mature circular
initiatives remain highly dependent on logistics, aggregation, infrastructure, labour intensity,
and economic feasibility.

5.3.2 Key Takeaways

The Fritz Hansen interview demonstrated that sustainability is strongly connected to
durability, maintenance, refurbishment, and preserving long-term product value. Rather than
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positioning circularity purely as a future ambition, the company has already implemented
partial systems involving repair, spare parts, refurbishment, and selective buy-back initiatives.

At the same time, the interview revealed that these systems remain highly dependent on
operational conditions such as logistics, ownership concentration, customer type, and
economic feasibility. Circular lifecycle systems appeared significantly more manageable
within aggregated B2B environments than within dispersed consumer markets.

The interview further demonstrated that lifecycle visibility and product traceability are
beginning to emerge through serial-number systems and ownership registration. However,
broader coordination after sale still remains operationally complex, labour-intensive, and
unevenly integrated across product categories and customer contexts.

5.4 Muuto
5.4.1 Interview Summary

The interview with Lina Rahtjen demonstrated how sustainability and compliance functions
are closely integrated within Muuto’s operational structure. Sustainability work was
described largely through documentation practices, supplier coordination, certifications, and
regulatory accountability.

The discussion revealed a company structure strongly dependent on supplier relationships
and external manufacturing coordination. Much of the sustainability work therefore involves
ensuring material transparency, supplier compliance, and verification of environmental
claims.

“We collect all documentation from suppliers to ensure that what we are saying is actually
good.” — Lina Rahtjen, Compliance & Sustainability Manager, Muuto.

The interview further suggested that geographical proximity and supplier relationships play
an important operational role within sustainability management.

“Most of our suppliers are in the EU.” — Lina Rahtjen, Compliance & Sustainability Manager,
Muuto.

Lina explained that supplier collaboration significantly influences sustainability possibilities
and implementation decisions.

“It depends on the relationship with the supplier.” — Lina Rahtjen, Compliance &
Sustainability Manager, Muuto.

The interview suggested that sustainability systems within Muuto currently operate more
strongly around sourcing, supplier management, and compliance infrastructures than around
post-sale lifecycle coordination. Similar to the other companies, sustainability visibility
appeared stronger before sale than after products entered longer-term customer use.
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5.4.2 Key Takeaways

The Muuto interview demonstrated that sustainability implementation is strongly dependent
on supplier coordination, documentation systems, and compliance management. Supplier
relationships appeared central to enabling transparency and material accountability.

At the same time, the interview suggested that structured systems for post-sale lifecycle
coordination remain relatively limited compared to upstream sustainability and sourcing
activities.

5.5 Bolia

5.5.1 Interview Summary

The interview with Christina Ejlertsen demonstrated how sustainability within Bolia is closely
connected to product development, emissions reduction, and production planning.

The discussion revealed that sustainability work is strongly integrated into design and
production processes rather than treated as a separate isolated function.

“We work with sustainability from a product development perspective most of the time.” —
Christina Ejlertsen, Sustainability Manager, Bolia.

The interview further highlighted the company’s climate-related commitments and broader
emissions reduction targets.

“We have a science-based target that the company is committed to.” — Christina Ejlertsen,
Sustainability Manager, Bolia.

Bolia’s made-to-order production structure was described as an important strategy for
reducing unnecessary inventory and waste generation.

“Almost everything we do is made to order.” — Christina Ejlertsen, Sustainability Manager,
Bolia.

The interview suggested that sustainability efforts are currently concentrated around
reducing production impacts and improving operational efficiency. Similar to the other
companies, however, post-sale lifecycle coordination remained comparatively less structured
operationally.

5.5.2 Key Takeaways
The Bolia interview demonstrated that sustainability is strongly integrated into production

planning, emissions reduction, and product development processes. Circularity is primarily
approached through reducing waste and improving operational efficiency.
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At the same time, the interview suggested that visibility and coordination after sale remain
comparatively limited within current operational structures.

5.6 Cross-Interview Thematic Analysis

The interviews revealed several recurring patterns across the selected Scandinavian design-
led furniture companies regarding how circularity, sustainability, and post-sale lifecycle
responsibility are currently approached in practice. Although the companies differed in
organisational structure, production models, and sustainability maturity, similar lifecycle
challenges emerged repeatedly across the interviews.

One of the clearest patterns concerned the imbalance between relatively strong upstream
sustainability coordination and significantly weaker downstream lifecycle systems. Across all
companies, sustainability efforts were primarily concentrated around supplier coordination,
material sourcing, ESG compliance, documentation practices, and product durability. These
activities were generally connected to areas where companies maintained higher
organisational control and visibility.

In contrast, responsibility after the point of sale appeared considerably more fragmented.
Several participants described difficulties related to repair coordination, product visibility
after ownership transfer, refurbishment systems, and take-back implementation. While
product longevity was consistently positioned as an important sustainability strategy, the
operational systems required to support products after sale often remained underdeveloped,
decentralised, or dependent on external actors.

Another recurring pattern concerned lifecycle visibility and information flow. Although
companies often possessed detailed upstream knowledge regarding materials, sourcing, and
production, this information rarely continued throughout the full lifecycle of the product.
Visibility frequently weakened once ownership shifted to customers, second-hand markets,
or distributed repair networks. In several cases, lifecycle information became difficult to
access, transfer, or operationalise after the point of sale.

The interviews also highlighted differences in how companies approached production and
take-back systems. While Muuto and Bolia relied heavily on external suppliers and
demonstrated limited post-sale coordination systems, Fritz Hansen maintained stronger
internal production structures and had begun experimenting with B2B-oriented take-back
initiatives. Normann Copenhagen had also initiated limited take-back experimentation
through project-based pilots. However, across all cases, downstream circular systems
remained relatively fragmented compared to upstream sustainability coordination.

Repair and refurbishment pathways similarly depended heavily on distributed external actors
rather than internally coordinated lifecycle systems. Several participants acknowledged that
repair capacity and reuse infrastructures exist externally, but are not yet effectively
integrated into broader company lifecycle strategies. As a result, post-sale circularity often
appeared dependent on informal coordination between customers, local repair actors,
external infrastructures, and fragmented service pathways.
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The findings also revealed growing awareness regarding digital traceability, lifecycle data, and
future regulatory developments such as Digital Product Passports (DPPs). However,
participants repeatedly highlighted operational challenges related to implementation, data
sharing, organisational resources, and long-term lifecycle coordination. In this sense, the
challenge was not necessarily a lack of sustainability ambition, but rather the absence of
integrated systems capable of coordinating relationships, information flows, and
responsibilities across distributed lifecycle actors.

CROSS-INTERVIEW THEMATIC ANALYSIS
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Figure 7: Cross-interview thematic analysis

Figure 7 illustrates the recurring lifecycle patterns identified across the selected companies.
While upstream sustainability coordination appeared relatively mature across sourcing,
compliance, and durability practices, downstream lifecycle coordination remained
significantly weaker. The findings suggest that circularity challenges increasingly emerge not
only from production systems, but from fragmented post-sale visibility and limited
coordination after the point of sale.

5.7 Reflection

The empirical findings suggest that circularity within the Scandinavian design-led furniture
sector is currently approached more strongly through upstream sustainability practices than
through coordinated downstream lifecycle systems. While companies demonstrated
increasing maturity in supplier coordination, ESG compliance, sourcing transparency, and
product durability, considerably less organisational attention appeared to be directed toward
post-sale lifecycle visibility, repair coordination, refurbishment pathways, and take-back
infrastructures.
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Across the interviews, circularity was often framed through production-related sustainability
measures, whereas responsibility after sale appeared significantly more fragmented and
difficult to operationalise. This imbalance became particularly visible in discussions
surrounding repair systems, lifecycle data accessibility, and ownership transitions, where
several participants acknowledged that products effectively disappear from company
visibility after the point of sale.

The findings also suggest that many lifecycle challenges are not purely material or technical
problems, but coordination problems involving multiple distributed actors, infrastructures,
and information systems. Repair actors, reuse infrastructures, customers, logistics systems,
and digital platforms often operate independently despite being interconnected within the
broader lifecycle network.

From an Actor-Network Theory perspective, the interviews highlighted how lifecycle
responsibility becomes increasingly unstable once products move beyond controlled
organisational boundaries. Circularity, therefore, appeared less dependent on isolated
sustainability initiatives and more dependent on how relationships, information flows, and
responsibilities are coordinated across the lifecycle system.

At the same time, the interviews and workshop activities also indicated growing awareness
across the sector regarding lifecycle visibility, digital traceability, and post-sale coordination.
Although implementation remains limited in practice, several participants acknowledged that
future circular systems will likely require stronger integration between companies,
customers, repair actors, reuse infrastructures, and digital coordination systems in order to
support longer product lifecycles and value retention.

Overall, the findings reinforce the argument that the transition toward circular furniture

systems requires not only sustainable production practices but also improved coordination
across distributed post-sale lifecycle networks.
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CHAPTER 6: PARTICIPATORY DESIGN GAME - VALIDATION AND PROTOTYPE
EXPLORATION

6.1 Introduction

Following the interview phase and cross-case analysis, a participatory design workshop was
conducted in order to collectively explore, validate, and reflect upon the lifecycle challenges
identified throughout the research. The workshop functioned as both a validation activity and
a collaborative design exploration process, allowing participants to engage with recurring
themes related to circularity, repair coordination, lifecycle visibility, and post-sale
responsibility within furniture systems.

Rather than treating circularity solely as a production-oriented sustainability challenge, the
workshop focused on how lifecycle coordination changes after the point of sale and how
different actors become interconnected throughout the product lifecycle. Particular attention
was given to fragmented downstream systems, weak visibility after ownership transfer, and
the operational difficulties associated with repair, refurbishment, reuse, and take-back
pathways.

The workshop was developed using participatory design game principles in order to support
collaborative reflection and shared discussion between participants from different
professional backgrounds. The activities were intentionally structured to move from existing
lifecycle challenges toward exploratory design-oriented discussions. This made it possible not
only to validate the problem formulation and the recurring empirical findings from the
interviews, but also to investigate how stakeholders interpret, negotiate, and respond to
potential lifecycle coordination approaches in practice.

The workshop followed a staged structure consisting of an introductory icebreaker activity,
scenario-based discussions, collaborative reflection activities, and exploratory prototype
interaction sessions. Throughout the process, participants continuously moved between
discussing existing operational challenges and reacting to possible future lifecycle
coordination directions.

Figure 8 illustrates the overall participatory structure of the workshop process, showing how
existing lifecycle challenges identified through literature and interviews were collectively
explored, validated, and translated into exploratory design discussions through participatory
activities.
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A collaborative workshop process to explore, validate and shape
post-sale lifecycle coordination in furniture systems
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Figure 8: Participatory design game flow

6.2 Workshop Structure and Participant Engagement

The workshop was designed as a collaborative and discussion-oriented environment where
participants could openly reflect on lifecycle challenges and operational realities connected
to circular furniture systems. Rather than functioning as a traditional presentation-based
session, the workshop encouraged active participation through interactive discussions,
scenario reflections, co-design activities, and prototype interaction.

Participants included stakeholders connected to furniture repair, refurbishment, circular

infrastructure, reuse systems, and lifecycle-related services. The workshop therefore brought
together perspectives from actors positioned across different stages of the post-sale lifecycle
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network. This diversity was important in order to understand how lifecycle responsibility and
coordination are interpreted differently across distributed actors.

The session began with an informal icebreaker activity consisting of a short digital
sustainability quiz. The purpose of the activity was not to evaluate technical knowledge, but
rather to establish a collaborative atmosphere and encourage participants to begin reflecting
on sustainability and lifecycle-related decision-making before entering more complex
discussions. The informal structure also helped reduce hierarchical dynamics between
participants and supported more open conversation throughout the workshop.

Following the icebreaker activity (see figure 9), participants were introduced to the workshop
structure and informed that the activities would focus on lifecycle challenges related to repair
systems, post-sale coordination, reuse pathways, customer responsibility, and circular value
retention within furniture systems.

Figure 9: Workshop participants during the introductory activity

6.3 Round One — Scenario-Based Reflection and Problem Validation

The first workshop round focused on scenario-based discussions designed to explore how
participants interpret lifecycle challenges connected to furniture repair, reuse, ownership
transition, and post-sale coordination. Participants were presented with realistic lifecycle
situations involving product damage, second-hand ownership, repair uncertainty, disposal
decisions, and fragmented information pathways.

Rather than attempting to solve predefined problems, the scenarios encouraged participants
to collectively discuss how responsibility, information, and decision-making currently operate
throughout the lifecycle system. This made it possible to observe how participants naturally
interpreted lifecycle fragmentation and where operational difficulties repeatedly emerged.

Several recurring tensions became visible throughout the discussions. Participants repeatedly
highlighted uncertainty regarding repair coordination, limited visibility after ownership
transfer, difficulties identifying appropriate service actors, and fragmented communication
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between customers, companies, and external repair infrastructures. In many cases,
participants described situations where products effectively disappear from organisational
visibility after the point of sale despite remaining physically active within the broader lifecycle
network.

The discussions also revealed that downstream lifecycle systems often depend heavily on
informal knowledge, personal networks, or customer initiative rather than coordinated
organisational systems. Repair actors and reuse infrastructures were frequently described as
existing externally, yet disconnected from company lifecycle systems and customer-facing
information channels.

Another recurring observation concerned responsibility fragmentation. While sustainability
efforts were generally associated with sourcing, production, and material decisions,
responsibility after sale appeared significantly less defined. Participants repeatedly
guestioned who should be responsible for coordinating repair decisions, providing lifecycle
information, or activating reuse pathways once ownership becomes distributed across
multiple actors.

From an analytical perspective, the first round validated several of the recurring patterns
identified throughout the interviews and literature review. In particular, the discussions
reinforced the existence of strong upstream sustainability structures alongside comparatively
weak downstream coordination systems.

Figure 10: Scenario-based discussions and collaborative reflection activities

Figure 10 illustrates participants engaging in scenario-based discussions focused on repair
coordination, lifecycle responsibility, ownership transitions, and post-sale decision-making.
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Figure 11: Emerging lifecycle coordination challenges identified during Round One

Figure 11 summarises several recurring lifecycle coordination challenges identified during the
first workshop round, including fragmented visibility, weak repair coordination, unclear
responsibility structures, and disconnected post-sale actors.

6.4 Round Two — Co-Design and Prototype Interaction

The second workshop round shifted from problem reflection toward exploratory co-design
discussions and prototype interaction activities. Building upon the lifecycle challenges
identified during the first round, participants were invited to react to possible approaches for
improving lifecycle visibility, coordination, and post-sale engagement across distributed
actors.

Rather than presenting a fully finalised solution, the prototype functioned as an exploratory
design artefact intended to stimulate discussion regarding lifecycle activation, information
accessibility, repair coordination, and distributed circular pathways. Participants interacted
with the prototype while simultaneously discussing operational feasibility, practical
limitations, and potential lifecycle applications.

Throughout the discussions, participants repeatedly emphasized the importance of accessible
lifecycle information and simplified coordination between actors. Several participants
highlighted that repair systems often fail not because repair capacity is unavailable, but
because customers lack visibility regarding where to go, who to contact, or how to navigate
existing pathways.
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Participants also discussed the importance of integrating local repair actors, reuse
infrastructures, and distributed service providers into broader lifecycle systems rather than
treating circularity as an internally controlled company activity alone. In this sense, the
discussions increasingly framed circularity as a coordination challenge involving relationships
between multiple distributed actors rather than a purely product-oriented sustainability
issue.

Questions regarding scalability, organisational responsibility, operational resources, and
customer engagement also emerged repeatedly throughout the session. While participants
generally acknowledged the value of stronger lifecycle coordination systems, several
concerns were raised regarding implementation complexity, data management, operational
ownership, and long-term system maintenance.

The co-design discussions therefore functioned not only as feedback on the prototype itself,
but also as a broader reflection on the practical realities of implementing distributed lifecycle
systems within furniture networks.

Figure 12: Prototype interaction and collaborative co-design discussions

Figure 12 shows participants interacting with the exploratory prototype and discussing
lifecycle visibility, repair coordination, and post-sale engagement pathways.

6.5 Stakeholder Reflection and Design Validation
The workshop discussions provided valuable insight into how stakeholders interpret lifecycle
coordination challenges and how they evaluate potential approaches for improving post-sale

systems within furniture networks.

One of the strongest observations throughout the workshop concerned the importance of
lifecycle visibility after the point of sale. Participants repeatedly associated many downstream
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circularity challenges with the loss of information, coordination, and communication once
products move beyond controlled organisational structures.

Repair pathways were similarly discussed as fragmented despite the existence of skilled local
repair actors and reuse infrastructures. Few participants emphasized that repair ecosystems
already exist within cities and local networks, yet customers often struggle to access them
due to weak visibility and disconnected information pathways.

Participants also highlighted the importance of balancing digital coordination with
operational realism. While stronger lifecycle visibility and coordination systems were
generally viewed positively, concerns were raised regarding implementation complexity,
scalability, organisational ownership, and long-term maintenance responsibilities.

Another important discussion concerned the role of distributed actors within circular systems.
Rather than expecting individual companies to control the entire lifecycle internally,
participants increasingly discussed circularity as a collaborative network involving companies,
customers, repair actors, reuse infrastructures, logistics systems, and digital coordination
platforms.

From an Actor-Network Theory perspective, the workshop discussions reinforced the
understanding that lifecycle responsibility becomes increasingly distributed after the point of
sale. Circularity therefore appeared dependent not only on sustainable production practices,
but also on how relationships, information flows, and coordination mechanisms are
maintained across interconnected lifecycle actors.

FEEDBACK FEEDBACK FEEDBACK

Figure 13: Participant’s feedback emerging from the workshop discussions

6.6 Reflection

The participatory workshop strengthened the empirical findings identified throughout the
interviews and cross-case analysis by exposing how lifecycle coordination challenges are
experienced and interpreted across distributed actors within furniture systems.

One of the clearest outcomes of the workshop was the recurring recognition that post-sale
lifecycle systems remain considerably weaker than upstream sustainability structures. While
sourcing, material transparency, and ESG compliance are becoming increasingly
institutionalised within companies, downstream coordination often remains fragmented,
decentralised, and operationally unclear.

The workshop also revealed that many circularity challenges are not necessarily caused by
the absence of repair infrastructures or reuse capacity, but rather by weak coordination
between actors, fragmented information flows, and limited lifecycle visibility after ownership
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transfer. In this sense, lifecycle fragmentation appeared less connected to technological
absence and more connected to relational disconnection between actors operating
throughout the lifecycle network.

The discussions further reinforced the importance of local infrastructures and distributed
actors within circular systems. Repair actors, refurbishment services, municipal reuse
infrastructures, and customers all appeared to function as active participants within lifecycle
systems despite often remaining disconnected from formal organisational structures.

From an ANT perspective, the workshop demonstrated how lifecycle systems consist of
continuously shifting relationships between human and non-human actors, where visibility,
coordination, and responsibility become unstable after the point of sale. The findings
therefore support the argument that future circular systems may require stronger forms of
lifecycle mediation capable of connecting distributed actors, infrastructures, and information
pathways throughout the post-sale network.

Overall, the workshop functioned not only as a validation activity, but also as a collaborative

exploration of how circular lifecycle systems could potentially become more coordinated,
visible, and interconnected across distributed post-sale actors.
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CHAPTER 7: DESIGN INTERVENTION AND PROPOSED SYSTEM
7.1 Introduction to the Proposed Intervention

The findings from the literature review, empirical interviews, participatory design workshop,
and theoretical analysis consistently revealed a major implementation gap within current
furniture circularity systems. While the investigated companies demonstrated increasing
engagement with sustainability, durability, supplier transparency, and circular ambitions
during upstream stages such as sourcing and production, the post-sale phase remained
comparatively fragmented and weakly coordinated.

Across the interviews, companies repeatedly highlighted difficulties related to repair
accessibility, limited product visibility after sale, unclear responsibility distribution,
fragmented customer interaction, and operational challenges surrounding take-back and
refurbishment systems. Although circular strategies such as repair, refurbishment, resale, and
recycling were widely recognised as important, practical systems capable of coordinating
these pathways remained limited.

The proposed intervention, therefore, does not attempt to redesign furniture products
themselves. Instead, the intervention focuses on the coordination gap that emerges after
products leave the point of sale. The research argues that one of the major limitations within
existing circular furniture systems is not necessarily the absence of sustainable intentions, but
the absence of mechanisms capable of connecting actors, services, lifecycle information, and
decision-making throughout the post-sale phase.

To address this challenge, the study proposes the Product Lifecycle Activation Tool (PLAT), a
conceptual digitally mediated coordination system intended to support lifecycle extension
through distributed circular pathways. Rather than operating as a fully centralised return
system, the intervention explores how products, users, companies, and local circular actors
may remain connected through shared lifecycle visibility and pathway coordination.
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TRANSITION FROM FRAGMENTED LIFECYCLE SYSTEMS
TO COORDINATED POST-SALE LIFECYCLE NETWORKS

From disconnected post-sale journeys to connected lifecycle coordination
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Figure 14: Transition from Fragmented Lifecycle Systems to Coordinated Lifecycle

Figure 14 presents the overall intervention direction and positions the proposed system
within the broader post-sale furniture lifecycle context. The figure illustrates how the
intervention shifts focus from a fragmented lifecycle system toward ongoing lifecycle
activation, coordination, and value retention across multiple circular pathways.

7.2 Design Rationale and System Direction

The intervention was strongly informed by Actor-Network Theory (ANT), which views circular
systems not simply as technical infrastructures, but as networks of interconnected human
and non-human actors. Throughout the research, the lifecycle challenges identified were
rarely isolated to a single stakeholder. Instead, fragmentation emerged between customers,
furniture companies, repair actors, refurbishment services, logistics systems, resale
pathways, recycling infrastructures, and lifecycle information itself.

The intervention therefore approaches circularity as a coordination challenge rather than
solely a material challenge. The proposed system does not attempt to replace existing actors
or infrastructures. Instead, it functions as a mediating layer capable of strengthening
communication, visibility, and lifecycle decision-making between already existing actors
operating within distributed furniture ecosystems.
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DISTRIBUTED LIFECYCLE COORDINATION ECOSYSTEM

A digitally enabled ecosystem that activates, coordinates and extends the life of furniture through interconnected actors, data and policies
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Figure 15: Distributed Lifecycle Coordination Ecosystem

Figure 15 illustrates the distributed lifecycle ecosystem proposed within the intervention
from an ANT perspective. The figure demonstrates how customers, local repair services,
refurbishment actors, resale channels, recycling infrastructures, and furniture companies
become connected through the non-human actor, the Product Lifecycle Activation Tool.
Rather than forcing all products through a single centralised recovery system, the intervention
intentionally supports local and condition-based pathways that may reduce unnecessary
transportation and logistical burdens while improving accessibility to circular services.

This distributed structure became particularly important throughout both the interviews and
the literature review. Existing research repeatedly identified reverse logistics and
transportation complexity as major barriers within furniture circularity systems due to
furniture size, storage requirements, and geographically dispersed ownership. The proposed
intervention, therefore, attempts to reduce dependency on fully centralised return
infrastructures by supporting more regionally distributed lifecycle coordination models.
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7.3 Product Lifecycle Activation Tool (PLAT)

The Product Lifecycle Activation Tool (PLAT) is proposed as a digitally mediated lifecycle
coordination system designed to support post-sale circular pathways after products enter
customer ownership. The intervention focuses particularly when the product comes back to
consideration, like situations where products become damaged, unwanted, outdated,
underutilised, or at risk of disposal despite still retaining functional or material value.

The tool is conceptually positioned between furniture companies, customers, and local
circular actors. Rather than functioning purely as a customer-facing application, the system
operates as a shared coordination environment through which lifecycle information, product
conditions, and circular pathways may become more visible and accessible across
stakeholders. It also enables furniture companies to maintain post-sale visibility and
strengthen product accountability throughout the product lifecycle.

The intervention incorporates several interconnected functions operating throughout the
lifecycle activation process, including:

¢ product identification through QR or barcode scanning

e lifecycle visibility and access to product information

* supply chain transparency and material traceability

e product condition assessment through self-detection or Al-assisted detection
e lifecycle pathway recommendations based on product condition

e distributed repair and refurbishment coordination

e resale and second-life circulation pathways

e local circular partner integration

e company-supported incentives and service discounts

e service execution through local repair, refurbishment, resale, or recovery actors
e lifecycle tracking and shared post-sale visibility

e and circular recovery coordination when products can no longer remain in use
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PRODUCT LIFECYCLE ACTIVATION TOOL
PROCESS FLOW

Digital tool that helps customers connect local partners, track outcomes, and extend life cycle.
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Figure 16: Process Flow Diagram of PLAT

Figure 16 illustrates the proposed lifecycle coordination flow structure of the Product
Lifecycle Activation Tool. The figure demonstrates the flow of the process; how the
intervention connects multiple lifecycle pathways rather than treating disposal as the default
outcome once ownership needs change or products become damaged.

The system intentionally prioritises higher-value retention strategies such as repair, reuse,
refurbishment, and resale before lower-value recovery pathways such as recycling. This
reflects the value retention hierarchy discussed earlier within the theoretical framework and
literature review.

At the same time, the intervention acknowledges that different products may require
different pathways depending on condition, accessibility, customer motivation, repair
feasibility, and local infrastructure availability. The proposed system therefore supports
adaptive and condition-based decision-making rather than rigid lifecycle processes.

7.4 Role of Digital Mediation and Product Data

A central aspect of the intervention concerns lifecycle visibility after sale. One of the recurring
findings throughout both literature and interviews was that products frequently disappear
from company visibility once ownership transfers to customers. As a result, opportunities for
repair, refurbishment, resale, or coordinated recovery often become disconnected from the
product lifecycle itself.

The proposed intervention, therefore, incorporates digitally accessible product information

linked through QR codes, product IDs, or future Digital Product Passport (DPP) systems. This
information may include material composition, product specifications, care instructions,
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repair guidance, spare part availability, warranty information, lifecycle history, and relevant
sustainability documentation.

The purpose of this information layer is not only transparency, but operational coordination.
By improving access to product-related information across stakeholders, the intervention
attempts to reduce some of the informational fragmentation that currently limits circular
implementation in practice.

7.5 How the Tool Works

How the tool works
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Figure 17: How PLAT works

Figure 17 illustrates how the proposed Product Lifecycle Activation Tool operates across
different post-sale lifecycle stages. The figure demonstrates the sequential interaction
between customers, furniture companies, local service partners, and shared lifecycle
information systems within the proposed distributed coordination model.

The process begins when the customer scans the product ID through a QR code or barcode
integrated into the furniture product. This creates access to product-specific information,
including material composition, warranty information, supply chain data, certifications,
repairability information, and previous lifecycle records. Instead of products disappearing
from company visibility after purchase, the tool creates a continuous post-sale information
connection between the product, customer, and company.
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After accessing the product information, the customer identifies the issue or condition of the
product. The tool allows multiple user-defined pathways, including small damage,
refurbishment needs, resale intentions, or products that can no longer be used. In situations
where the customer is uncertain about the condition, the tool also includes an optional Al-
assisted issue detection function. Through uploaded images or symptom descriptions, the
system can suggest the most likely product condition and appropriate next steps. This
supports decision-making without requiring technical expertise from the customer.

Based on the selected or detected condition, the tool recommends an appropriate lifecycle
pathway. As illustrated in Figure 17, different product conditions activate different circular
strategies, including repair, refurbishment, resale, second-life circulation, distributed take-
back, or material recovery. Rather than applying a single centralized return model, the
intervention proposes distributed and condition-based pathways adapted to local contexts
and product states.

Following pathway selection, the customer is connected to a relevant local partner through
the tool. These may include repair studios, refurbishment workshops, resale channels, or local
collection/recycling/takeback hubs. The local partner also gains access to selected product
information and lifecycle records provided by the furniture company, enabling more informed
assessment and service execution. This creates shared visibility across stakeholders while
reducing the need for long-distance return logistics.

The app further incorporates company-supported incentives, such as discounts, rewards, or
service offers, to encourage customer participation in post-sale circular activities. The
intention is not only to extend product longevity but also to make participation in circular
pathways more accessible and attractive for users.

Once the service or solution is executed, the tool continues to track lifecycle progress through
shared updates between customers, local partners, and the furniture company. This includes
request confirmation, repair status, refurbishment completion, resale outcomes, recovery
actions, and updated lifecycle records. As shown in Figure 17, products may either return to
the customer, enter second-life circulation, proceed toward recovery pathways, or move into
distributed take-back systems, depending on the final condition assessment.

The intervention, therefore, shifts post-sale responsibility from fragmented and disconnected
interactions toward a more coordinated lifecycle ecosystem. By connecting customers,
furniture companies, local partners, and lifecycle information within a shared system, the
proposed tool supports improved lifecycle visibility, distributed circular coordination, and
extended product use across multiple post-sale pathways.

7.6 Potential Contributions of the Intervention
PLAT contributes to circular furniture discussions by shifting focus from isolated sustainability
strategies toward operational lifecycle coordination after sale. Rather than understanding

circularity only through product design, recyclable materials, or manufacturing
improvements, the intervention highlights the importance of relationships, infrastructures,
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and distributed stakeholder coordination throughout the use and post-use phases of
products.

One important contribution concerns distributed circular implementation. Existing take-back
systems frequently rely on centralised recovery structures that may become operationally
expensive and logistically difficult within furniture systems due to transportation distances,
product size, storage requirements, and varying product conditions. The proposed
intervention instead explores how lifecycle pathways may become more regionally
distributed by connecting customers to nearby repair actors, refurbishment partners, resale
systems, and circular infrastructures.

A second contribution concerns lifecycle visibility. The intervention attempts to reduce the
informational disconnect that frequently emerges after products are sold by creating stronger
continuity between product data, customers, companies, and lifecycle actors.

It also contributes conceptually by positioning digital systems not merely as information
repositories, but as mediating actors capable of supporting circular coordination across
distributed networks. In this sense, the proposed system aligns closely with the Actor-
Network Theory perspective applied throughout the thesis.

Finally, the intervention contributes to discussions surrounding circular product-service
systems by demonstrating how lifecycle support may extend beyond traditional ownership
models without requiring companies to fully redesign their entire business structure. Instead,
the intervention proposes a more gradual coordination-oriented approach capable of
integrating with existing circular actors and infrastructures.

7.7 Limitations and Implementation Challenges

Although the proposed intervention presents opportunities for improving post-sale lifecycle
coordination, several limitations and implementation challenges remain important to
acknowledge.

First, the intervention remains conceptual and exploratory rather than technically
implemented at commercial scale. The research, therefore, investigates coordination
possibilities and system relationships rather than validating full operational deployment
across real market conditions.

Second, the effectiveness of the system would depend heavily on stakeholder participation
across the network. Customers, furniture companies, repair actors, refurbishment services,
resale channels, and recycling infrastructures would all need varying levels of engagement for
the coordination model to function effectively. Limited participation from any major actor
group could weaken lifecycle continuity and reduce pathway accessibility.

Customer participation may particularly become a challenge within furniture systems where

convenience, behavioural habits, emotional attachment, or replacement culture continue to
influence disposal decisions. Even when circular pathways exist, customers may not always
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prioritise repair or refurbishment unless pathways remain highly accessible, affordable, and
easy to navigate.

Another limitation concerns information availability, particularly for older furniture products.
Many existing products currently lack digitally accessible lifecycle data, repair documentation,
material information, or traceability systems. As a result, implementing lifecycle visibility
retroactively across older product generations may remain difficult. A phased implementation
approach may therefore become more realistic, where the system initially focuses on selected
product categories or newer collections before gradually expanding across broader product
portfolios.

Scalability also presents operational challenges. While distributed coordination may reduce
some logistical burdens compared to fully centralised reverse logistics systems, larger
implementation would still require coordination between multiple regional actors, varying
service quality standards, information consistency, and platform governance structures.
Managing these distributed relationships at scale could become organisationally demanding
over time.

In addition, repair and refurbishment feasibility may differ significantly depending on product
condition, product value, material complexity, spare part availability, transportation distance,
and labour requirements. Not all products would realistically justify higher-value retention
pathways in every situation.

Data governance and interoperability may further become important challenges in future
implementation scenarios. Lifecycle coordination systems involving Digital Product Passports,
QR-linked information, customer interaction, and distributed service actors would require
clear approaches regarding data ownership, access permissions, privacy, and information
standardisation across stakeholders.

Finally, although the intervention attempts to reduce transportation intensity through
distributed local pathways, regional infrastructure availability may still vary considerably
depending on geography, market maturity, and existing circular ecosystems. Some locations
may already possess strong repair and refurbishment networks, while others may lack
sufficient local actors capable of supporting distributed lifecycle systems effectively.

Despite these limitations, the proposed intervention does not position itself as a finalised
solution to furniture circularity. Instead, it functions as a research-driven exploration of how
post-sale lifecycle coordination may become more visible, connected, and operationally
supported within distributed furniture ecosystems.
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CHAPTER 8: CONCLUSION, REFLECTIONS, LIMITATIONS, AND FUTURE
ROADMAP

8.1 Conclusion

This thesis examined how circular product-service systems can support post-sale lifecycle
coordination within Scandinavian design-led furniture companies. Through literature studies,
semi-structured interviews, Actor-Network Theory mapping, and participatory design
exploration, the research identified a recurring structural gap between circular design
ambitions and the operational realities of products after sale. While the investigated
companies demonstrated increasing engagement with durability, material sourcing, supplier
compliance, emissions reduction, and product longevity strategies, the post-sale lifecycle
remained comparatively fragmented. Repair coordination, refurbishment pathways, resale
integration, local service accessibility, and lifecycle visibility were often handled inconsistently
or remained dependent on informal processes, individual initiatives, or disconnected
infrastructures.

The findings indicate that extending furniture lifecycles is not solely a question of designing
durable products, but equally a question of maintaining coordination, accountability,
information accessibility, and service continuity after ownership transfer. Once products
leave the retail environment, they frequently disappear from the company’s operational
visibility, reducing the possibility of supporting repair, reuse, refurbishment, redistribution,
or recovery pathways in a systematic manner. As a result, products that may still retain
functional, material, or emotional value risk prematurely exiting circulation despite existing
circular potential.

In response to these findings, the thesis proposed the Product Lifecycle Activation Tool as a
conceptual intervention intended to support distributed post-sale lifecycle coordination.
Rather than approaching circularity through a fully centralised reverse logistics model, the
intervention explored how products could remain connected to local repair actors,
refurbishment services, resale channels, take-back infrastructures, and lifecycle information
systems through digitally supported coordination mechanisms. The proposed system
therefore shifts attention from isolated circular actions toward the orchestration of
relationships across customers, products, companies, local partners, and circular
infrastructures throughout the product lifecycle.

The intervention further contributes by reframing circularity as a coordination and visibility
challenge rather than solely a production or material challenge. Through the application of
Actor-Network Theory, the research demonstrated that lifecycle outcomes are shaped
through interactions between human and non-human actors, including customers, furniture
companies, digital systems, logistics structures, service providers, policies, product data,
repair infrastructures, and material conditions. From this perspective, circularity is not
achieved through a single intervention, but through the continuous alignment of networks
capable of keeping products in circulation across changing lifecycle conditions.

Importantly, the thesis also contributes to discussions surrounding distributed circular
systems within the furniture sector. Existing circular strategies frequently rely on centralised
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take-back structures that can become logistically intensive, geographically restrictive, or
economically difficult to scale across diverse regional contexts. The proposed intervention
instead explored how distributed local pathways may support more accessible and flexible
lifecycle extension while simultaneously improving post-sale product visibility and
accountability. In this sense, the thesis positions lifecycle activation not only as an
environmental strategy, but also as a relational and infrastructural transition within furniture
circularity.

8.2 Reflections and Limitations

Several methodological and practical limitations emerged throughout the development of the
research and proposed intervention. First, the thesis should be understood as an exploratory
design-oriented investigation rather than a technically implemented commercial system. The
Product Lifecycle Activation Tool was developed to investigate how post-sale lifecycle
coordination could potentially function across distributed furniture ecosystems, rather than
to deliver a fully operational digital platform. Consequently, the research places greater
emphasis on systemic relationships, stakeholder coordination, and lifecycle interactions than
on technical software implementation.

A further limitation concerns the scope of stakeholder involvement. Although the research
incorporated perspectives from multiple Scandinavian design-led furniture companies, the
participation of external repair actors, logistics providers, refurbishment specialists,
municipalities, recycling actors, and second-hand infrastructures remained comparatively
limited within the timeframe of the project. As a result, some relationships represented
within the intervention remain conceptually mapped rather than empirically validated
through long-term operational collaboration.

The implementation of such a system would also depend heavily on user participation and
behavioural engagement. Distributed lifecycle systems require customers to actively interact
with repair, resale, maintenance, return, or refurbishment pathways after purchase. In
practice, participation may vary depending on convenience, motivation, awareness, digital
literacy, perceived value, and economic incentives. Similarly, local partner integration would
require coordination between actors operating with different capacities, infrastructures,
quality standards, and business priorities.

At the same time, it is important to recognise that the distributed structure proposed within
this thesis was intentionally developed as a response to several limitations associated with
centralised reverse logistics systems. Rather than routing products back through large-scale
central recovery infrastructures, the intervention explored how geographically distributed
repair and refurbishment actors could support lifecycle extension closer to the point of use.
This potentially reduces transportation intensity, improves accessibility to circular services,
and allows products to remain within local circulation networks for longer periods. However,
distributed systems also introduce new coordination challenges related to information
consistency, service reliability, partner alighnment, and shared lifecycle data management.

Another limitation concerns the availability and quality of lifecycle information, particularly
for products already circulating within the market. Older furniture products may lack
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accessible repair documentation, material transparency, digital traceability, or standardised
product identification systems. Consequently, implementation would likely require gradual
integration, beginning with selected product categories or newer collections before
expanding across broader portfolios. The feasibility of large-scale adoption would therefore
depend partly on organisational readiness and the long-term integration of lifecycle data
infrastructures within company operations.

The research also acknowledges the risk of overestimating the role of digital systems within
circular transitions. Although digital mediation can improve visibility, coordination, and access
to lifecycle information, digital tools alone cannot resolve the structural complexities of
circular economy implementation. Circular transitions remain influenced by organisational
priorities, economic viability, consumer practices, infrastructure availability, policy
conditions, and broader market dynamics. The proposed intervention should therefore be
understood as a coordination-oriented contribution intended to strengthen lifecycle
continuity and stakeholder interaction rather than as a singular technological solution to
furniture circularity.

Finally, the thesis was conducted within a Scandinavian design-led furniture context
characterised by relatively strong sustainability ambitions, higher consumer awareness, and
existing circular discussions within industry practice. The findings may therefore not be
directly transferable to all furniture sectors or international contexts without further
adaptation to differing infrastructural, economic, and cultural conditions.

8.3 Future Roadmap

The thesis opens several directions for future research and practical development. A natural
next step would involve the pilot implementation and testing of the proposed Product
Lifecycle Activation Tool within a real organisational setting. Small-scale deployment across
selected product categories, regional service ecosystems, or specific lifecycle pathways could
provide valuable insight into operational feasibility, customer interaction, service
coordination, and lifecycle tracking in practice.

Future research could also investigate how Digital Product Passports, QR-linked lifecycle
systems, shared product databases, and condition-assessment technologies may support
more responsive lifecycle decision-making after sale. In particular, further exploration is
needed regarding how lifecycle data can remain accessible and transferable across different
actors throughout extended periods of product use.

Additional work could further examine how distributed circular systems operate across
broader geographical contexts and varying organisational scales. Comparative studies
involving municipalities, logistics actors, independent repair networks, refurbishment
infrastructures, and resale platforms may help clarify how local circular ecosystems can be
coordinated more effectively within larger systemic transitions.

There is also significant potential for future studies examining behavioural dimensions of

post-sale circularity. Questions surrounding ownership practices, emotional attachment,
maintenance culture, repair participation, and consumer perceptions of responsibility remain
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highly relevant to understanding how products remain in circulation over time. Exploring how
users interact with lifecycle systems beyond the point of purchase may therefore become
increasingly important within circular economy research.

From an organisational perspective, future implementation could gradually expand from
isolated repair or refurbishment pathways toward more integrated lifecycle ecosystems
connecting product visibility, local services, resale channels, take-back coordination, and
recovery infrastructures within a shared lifecycle framework. Such development would
require long-term collaboration between companies, policymakers, service providers, and
local circular actors.

Overall, the thesis suggests that future circular transitions within the furniture sector may
depend not only on how products are designed, but also on how relationships,
infrastructures, information flows, and lifecycle responsibilities are coordinated after sale.
Circularity, in this sense, becomes less about isolated sustainable products and more about
the capacity to sustain products within connected systems of use, maintenance, repair,
redistribution, and recovery over time.
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