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ENGLISH SUMMARY

The call for a more sustainable way of living, as a consequence of the increasing cli-
mate crisis, has left its mark on the academic discourse, international forums, and
industrial agenda in the past decade. Throughout this decade, the circular economy
discourse has emerged as an economic model with the purpose of decoupling resource
consumption from value creation. At the same time, the rapid development of digital
technologies, as part of the industry 4.0 agenda, has brought the world closer through
its emphasis on transparency and data availability across entire supply chains. Most
recently, the two discourses are being discussed for their mutually beneficial proper-
ties — This synergetic relation between circular economy and industry 4.0 is currently
coined as the twin transformation.

Despite the increasing attention to the circular economy agenda, the industry 4.0
agenda, and now also the twin transformation agenda, manufacturers are challenged
in adopting its principles and building the capabilities required to realise performance
improvements accordingly. Manufacturers are struggling with identifying and utilis-
ing the structural elements of this agenda to drive their organisational transformation
and build sustained competitiveness.

This research aims to address these challenges faced in this agenda by generating
knowledge and developing frameworks for guiding the industrial engagement of the
twin transformation. Accordingly, this research project aims to contribute to the ex-
isting knowledge body while providing relevance to practitioners by facilitating a
deeper and more nuanced understanding of the twin transformation according to the
following objectives. To provide:

An understanding of the structural elements of the twin transformation and
how they can be utilised to drive the transformation to build competitive
advantage in the changing industrial context.

Frameworks and guidelines for supporting the successful engagement with
the twin transformation.

This dissertation, a collection of papers, presents the research activities conducted
over the past three years. The appended papers represent both desk research and em-
pirically based research, all aiming to balance the rigour of providing academic con-
tributions with the relevance of aiding the industry in this transformation.
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The dissertation is divided into three parts. The first part empirically investigates the
synergetic relation between the internet of things (representing industry 4.0) and cir-
cular economy, according to ten Danish manufacturers in the early stages of their twin
transformation. Additionally, a single case study investigates the contextual depend-
encies of barriers to circular economy transformation. The second part investigates
the circular economy transformation structural elements and proposes frameworks for
formulating circular economy transformation strategies. The third and final part in-
vestigates and proposes frameworks for how manufacturers can explore and exploit
the use of internet of things technology in the context and pursuit of circular economy
principles.

The first part suggests that the internet of things and circular economy are synergetic
as the internet of things enables the generation of the data required to engage in cir-
cular economy strategies, while the perception and evaluation of the internet of things
are elevated to a strategic perspective when perceived in the context of the circular
economy agenda. Additionally, the interdependencies in circular economy barriers
suggest that lacking competencies, inspiration, and direction in the form of a vision
are preceding more technical barriers to realising performance improvements accord-
ing to circular economy principles.

The second part suggests that manufacturers must work in six organisational dimen-
sions to achieve a systems perspective in their circular economy transformation, i.e.
to elevate their circular economy maturity level. At the same time, they must be aware
of the meso and macroeconomic levels in which they have less decision-making
power, as their financial performance of circular activities depends on these levels.
Additionally, the investigation of interdependencies among barriers to transformation
enables the identification of root causes and directs actions and attention accordingly.

The third part suggests how manufacturers can organise, explore and exploit activities
for introducing internet of things technology that fit the particular context. In explor-
ing the internet of things, explicit emphasis on medium- and long-term potentials re-
lieves the technology from the traditionally hindering 2-year payback requirements,
as it is perceived from an increasingly strategic perspective.



DANSK RESUME

Behovet for en mere baredygtig made at leve pa, som en konsekvens af den stigende
klimakrise, har i det seneste arti sat sit preg pa den akademiske diskurs, i transnatio-
nale fora, og i den industrielle dagsorden. I dette arti har diskursen omkring Cirkuler
Okonomi fundet indpas som en gkonomisk model med formal at afkoble ressource-
forbrug fra veerdiskabelse. Samtidig har den hurtige udvikling af digitale teknologier,
fra den fjerde industrielle revolution, bragt verden tattere grundet dets fokus pa gen-
nemsigtighed og tilgeengelighed af data pa tvers af hele forsyningskeder. Senest er
disse to agendaer diskuteret i sammenhang grundet deres synergiske potentialer.
Dette indbyrdes forhold mellem cirkulaer gkonomi og industri 4.0 er nyligt introduce-
ret som “twin transformation’.

Pa trods af den stigende opmarksomhed, bade pa agendaen for cirkulaer skonomi, for
industri 4.0 og nu ogsé for ’twin tranformation’, er produktionsvirksomheder udfor-
dret i at implementere dets principper samt at opbygge de nedvendige kapabiliteter
for at realisere performance forbedringer. Produktionsvirksomheder er udfordret i at
identificere de strukturelle elementer af denne agenda, samt at sette dem i spil til at
drive deres organisatoriske transformation og opbygning af konkurrenceevne deraf.

Formaélet med dette forskningsprojekt er at adressere disse udfordringer, som produk-
tionsvirksomheder star overfor i denne agenda, ved at opbygge viden og udvikle ram-
meverktej til at vejlede den industrielle omstilling ind i *twin transformation’. Saledes
er formalet med dette forskningsprojekt at bidrage til den eksisterende viden, samt at
skabe relevant indsigt til praktikere ved at facilitere en dybere og mere nuanceret for-
staelse af *twin transformation’i henhold til felgende mal. At tilvejebringe:

En forstaelse af de strukturelle elementer 1 ’twin transformation’, samt hvor-
dan disse kan sattes i spil til at drive transformationen og derved opbygge
konkurrencemeessige fordele i den skiftende industrielle kontekst.

Rammevarktej og vejledning til at understotte det succesfulde engagement
1 ’twin transformation’.

Denne athandling, en samling af artikler, prasenterer de forskningsaktiviteter, der er
udfert de seneste tre ar. De vedheaftede artikler repraesenterer resultatet af bade desk
research og empirisk forskning, som alle sigter efter at balancere det rigoristiske aka-
demiske bidrag med den praktiske relevans der stetter industrien i dens transforma-
tion.
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Afhandlingen opdelt i tre dele. Den forste del undersgger, empirisk, den synergiske
relation mellem internet of things (som reprasentant for industri 4.0) og cirkulaer eko-
nomi, ifelge ti danske producenter, der er i de tidlige stadier af deres transformation.
Derudover undersgges de kontekstuelle athangigheder af barrierer for cirkulaer trans-
formation ved én producent. Anden del undersoger de strukturelle elementer i den
cirkulare transformation og foreslar rammeverktej for formuleringen af transforma-
tionsstrategier heraf. Den tredje del underseger og foresldr rammeverktej for eksplo-
rative og optimerende aktiviteter af internet of things-teknologi i den enkelte kontekst,
i dets jagt pé cirkulaere principper.

Resultaterne af den forste del peger mod at internet of things og cirkular ekonomi er
synergiske, da IoT tilvejebringer generering af de data der kraves for at engagere sig
i cirkuleer ekonomi-strategier, mens opfattelsen og evalueringen af internet of things
ophgjes til et strategisk perspektiv, nar det anskues i en cirkulaer ekonomi-kontekst.
Derudover peger de indbyrdes afhengigheder i cirkuler ekonomi-barrierer pé, at
manglende kompetencer, inspiration og retning i form af en vision gar forud for mere
tekniske barrierer for at realisere preestationsforbedringer i henhold til cirkulaere prin-

cipper.

Resultaterne af den anden del peger mod at producenter skal arbejde i seks organisa-
toriske dimensioner for at opnd et systemperspektiv i deres cirkulaer ekonomi-trans-
formation, dvs. for at haeve deres modenhed i cirkulaer ekonomi. Samtidig skal de
vaere opmarksomme pa de meso- og makrogkonomiske niveauer, hvor de har mindre
beslutningskraft, mens deres ekonomiske resultater af cirkulere aktiviteter er af-
hangige af disse niveauer. Derudover muligger metoden for undersogelse af gensi-
dige athengigheder mellem barrierer identificering af rodérsager og dermed tilveje-
bringer direkte handlinger heraf.

Resultaterne af den tredje del peger pa hvordan producenter kan organisere eksplora-
tive og optimerende aktiviteter i den individuelle kontekst, for introduktion af internet
of things-teknologi. I eksplorative aktiviteter af internet of things vil eksplicit fokus
pa mellem- og langsigtede potentialer lofte teknologien fra det traditionelle 2-arige
tilbagebetalingskrav, idet det anskues fra et mere strategisk perspektiv.
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CHAPTER 1. INTRODUCTION

Climate change is “the defining issue of our time”, as the UN’ delicately puts it. The
temperature of our planet is rising, major cities are threatened by ‘Day Zero’?, eco-
systems are dying, and many more environmental crises are all evidence that the self-
preservation of the earth is at risk®?. The common denominator of these crises is the
call for more sustainable ways of living.

Ever since Henry Ford offered the Model T in every colour “as long as it’s black”
(Ford & Crowther, 1922), societies' industrialisation has focused on economic growth
with little regard for the environment. This industrial setting is known as the linear
economy in which the one-way ‘take-make-dispose’ configuration characterises the
flow of resources. In this industrial configuration, resources are assumed infinite. At
the same time, fossil fuel use is the primary energy source, and the organisational
value proposition is based on the transfer of ownership. As a result, the industry fa-
vours overproduction, short life cycles, and waste.

However, it is well-established that resources are finite and that the current configu-
ration of our industrialized society is not sustainable, e.g. as illustrated by the ‘Earth
Overshoot Day’?, which fell on July 29" in 2021. Also, in academia, the finite state
of resources is not novel. In 1966, Boulding figuratively painted two pictures of the
earth as an open system and a closed system: “cowboy economy” and “spaceman
economy”. The cowboy roams the open plains with no constraints, which fosters its
reckless and exploitative nature. The spaceman is limited to the resources available in
their spaceship; hence, they live in a closed system (Boulding, 1966). This distinction
between the open and closed systems is acknowledged throughout the academic dis-
course, most recently in the rapidly growing circular economy (CE) domain. CE
builds and consolidates on previous, not to confuse outdated, schools of thought such
as industrial ecology (e.g. Erkman, 1997), cradle to cradle (e.g. McDonough & Braun-
gart, 2010), blue economy (e.g. Pauli, 2010), and cleaner production (e.g. Lieder &
Rashid, 2016).

! https://www.un.org/en/sections/issues-depth/climate-change/index.html

2’Day Zero”: The day when the municipal water supply for a major city is estimated to run out.
3 https://climate.nasa.gov
 https://www.wwf.dk/wwfs_arbejde/klimaenergi/klima_og_forbrug/living_planet_report/

3 “Earth Overshoot Day marks the date when humanity’s demand for ecological resources and
services in a given year exceeds what Earth can regenerate in that year” (https://www.over-
shootday.org/about-earth-overshoot-day/)
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1.1. THE CIRCULAR ECONOMY

CE is subject to various yet similar definitions as an emerging research domain expe-
riencing exponential growth in research attention. Nobre & Tavares (2021) address
this issue by analysing the multitude of existing definitions combined with surveying
researchers working in the domain. As a result, they find and propose the following
as a “final definition of circular economy”’:

“Circular Economy is an economic system that targets zero waste and pol-
lution throughout materials lifecycles, from environment extraction to in-
dustrial transformation, and to final consumers, applying to all involved
ecosystems. Upon its lifetime end, materials return to either an industrial
process or, in case of a treated organic residual, safely back to the environ-
ment as in a natural regenerating cycle. It operates creating value at the
macro, meso and micro levels and exploits to the fullest the sustainability
nested concept. Used energy sources are clean and renewable. Resources
use and consumption are efficient. Government agencies and responsible
consumers play an active role ensuring correct system long-term opera-
tion” (Nobre & Tavares, 2021).

If condensing this definition, the primary ambition and purpose of the CE are to “de-
couple economic activity from the consumption of finite resources”, as defined by the
Ellen MacArthur Foundation®. However, looking at the definition, it becomes evident
how multi-faceted the CE agenda is as an entire economic system. Researchers have
defined an array of circular strategies, or principles, that, on a high level, suggest ways
of achieving this decoupling. Bocken et al. (2016) synthesise, building on previous
research, the linear and circular strategies for reducing resource use. This notion is
extended by Konietzko et al. (2020), who add two strategies — one of which adds the
use of data to the toolbox for achieving CE. Figure 1.1 presents the visual representa-
tion of the two syntheses of the strategies; figure 1.1(a) presents Bocken et al. (2016)
while figure 1.1(b) presents Konietzko et al. (2020). The five strategies are: narrow-
ing, slowing, closing, regenerating, and informing. Narrowing refers to using fewer
resources during a product’s different life cycle stages. Slowing refers to using re-
sources for a more extended period. Closing refers to returning used resources to a
state where they can be reused. Regenerating refers to sustaining natural ecosystems.
Finally, inform refers to using information technology data to support the other four
strategies (Konietzko et al., 2020).

¢ https://ellenmacarthurfoundation.org/topics/circular-economy-introduction/overview
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Figure 1.1 Strategies for reducing resource flows. (a) (Bocken et al., 2016) (b) (Konietzko
etal., 2020)
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The CE applies to three economic levels: the macro-, the meso-, and the micro level,
as referred to in the definition by Nobre & Tavares (2021). The macro level concern
national and transnational elements such as legislation for developing recycling-ori-
ented societies. The meso level concern industry and supply chain-specific elements
such as infrastructure and knowledge institutions. The micro level concerns the cor-
porate elements, including its business model, operating model, and consumer level
(Merli et al., 2018). These three levels vary in the level of control the manager has in
designing the optimal circular system for their organisation, as presented in Figure
1.2. The manager has the most control in the corporate elements of the micro level
while they have limited control at the meso level — depending on their level of power
in the eco-industrial network, and no control at the macro level. Hence, the manager
must understand the dynamics of the macro and meso elements in their design of the
micro elements to assure coherence — thereby avoiding a lack of goal congruence —
across the economic levels.

From the organisational perspective, the CE and its transformation is a multi-faceted
endeavour that requires adopting a systems perspective to avoid the pitfalls of sub-
optimisation. This is apparent in the academic discourse, as seen in the multitude of
papers focusing on the barriers to (e.g. Ayati et al., 2022), the business models of (e.g.
Pieroni et al., 2019), and the transformation models such as maturity models for (e.g.
Pigosso & McAloone, 2021) the CE transformation. To exemplify this, Urbinati et al.
(2021) identify both enablers and barriers affecting the design of circular business
models across all three economic levels. At the macro level, legislation and resource
scarcity are argued to nudge the development of circular business models.
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Figure 1.2 Level of control for micro, meso, and micro economic levels. Inspired by (Uhren-

holt et al.,2022b)

At the meso level, the availability of supply chain partners, the proximity of partners
and customers, and the rate of market changes are affecting development. Finally, at
the micro level, a broader range of technical, economic, and organisational factors
enable and hinder development (Urbinati et al., 2021). To guide organisations in the
transformation and overcome the identified barriers, the rise of maturity models, along
with other assessment and transformation models, is evident in the context of CE.
These models seek to define and structure the dimensions of the CE, whether focusing
on fragments of the CE, e.g. product design (e.g. Berzi et al., 2016) or the organisa-
tional transformation (e.g. Sacco et al., 2021). Our work exemplifies this in our inves-
tigation and consolidation of the vast array of different CE dimensions, as presented
in Table 1.1. Furthermore, our study argues that while the dimensions vary in formu-
lation, their content is aligned (Uhrenholt et al., 2022b), which serves as a second
example of the academic discourse for CE being in the pre-paradigmatic phase.

1.2. THE ROLE OF DIGITAL TECHNOLOGY

In parallel with the growing attention to CE, the presence of digital technologies in
the industry is increasing. These technologies represent a new competitive lever that
benefits manufacturing organisations in Western countries in countering the previous
decade’s efforts in outsourcing and offshoring manufacturing activities. As a result,
within the European Union, the representation of manufacturing organisations in the
gross domestic product dropped approximately 30% to reach a share of 15.4% in 2014
(Davies, 2015). This phenomenon was mobilised because of rising labour costs in
western countries, which later caused a variety of disadvantages as operations became
more rigid from the increased distance between manufacturing and research and de-
velopment operations (Mykhaylenko et al., 2017). In turn, the European Union initi-
ated, in 2008, a research project to identify the potential of information and commu-
nication technology as this new competitive lever (Davies, 2015), which later, in
2011, was coined ‘Industrie 4.0’ (I4.0) by the German researchers (Kagermann,
2015). The argued competitiveness enabled by adopting digital technologies comes
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from various organisational value drivers. According to McKinsey, eight distinct driv-
ers represent the new level of competitiveness for manufacturing organisations, from
adopting 14.0 technologies (Figure 1.3) (Wee et al., 2015).

Table 1.1 Dimensions of the organisational CE (Uhrenholt et al., 2022b)

Dimensions

Value creation

Governance

People and
Skills

Supply Chain
and Partnership

Operations and
Technology

Product and
Material

Definition

The models utilised for generating and capturing value from CE
activities (e.g., sales models, take-back programmes, life-ex-
tending services) and environmentally positive performance
(e.g., resource and emissions savings and regeneration).

The strategies and plans for the circular transformation (e.g.,
resource allocation, circular awareness, and engagement on dif-
ferent hierarchical levels).

The mindset and skills (both internally and with external part-
ners) required for enabling and acting on the circular transfor-
mation (e.g., circular competencies, learning, and training cul-
ture).

The stakeholders external to the organisation required for the
exchange and optimisation of materials, products, and activities
(e.g., shared visions and activities, engagement with external
experts).

The equipment and systems in place for performing CE activi-
ties (e.g., machinery and tools, systems aiding the scheduling
and identification of appropriate treatment according to value
potential).

The characteristics of the products that enable circular strate-

gies and activities (e.g., extended life cycle, simple disassem-
bly, and refurbishment).
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Figure 1.3 I4.0 value drivers (Wee et al., 2015)

1.2.1. THE ENABLING TECHNOLOGIES

The primary enabler for achieving the value drivers of 14.0 is enabling digital tech-
nologies. These technologies are a mix of new and existing technologies that all con-
tribute to automating and integrating manufacturing and its supporting processes. The
existing technologies are highlighted in this agenda, as their computing power is im-
proving while the cost is decreasing to the degree that commoditises these technolo-
gies — This phenomenon is known as Moore’s Law (Moore, 1998). The enabling tech-
nologies are: Additive manufacturing, Augmented and virtual reality, Autonomous
robots, Big data and analytics, Cloud computing, Cybersecurity, Internet of things
(IoT), Simulation, and Systems integration.

While each technology brings forward its value proposition that justifies its presence
in the industry, the absolute value — and the primary argument of 14.0 — emerges from
the combined and connected utilisation of multiple of these technologies (Riifmann
et al., 2015). This integrated use of digital technologies provides transparency in the
collection, availability, and processing of data across operational activities that, from
a business perspective, allow managers to transform data into context-specific infor-
mation for supporting decision-making (Wu et al., 2016). The information also pro-
vides a foundation for organisational learning to ensure productivity and competitive-
ness (Bernstein, 2012). This learning enables organisations to develop new organisa-
tional forms and business models that address short-term performance improvements
and societal and environmental concerns. Hence, the use of digital technologies can
enable the generation of profit and impact simultaneously (Li, F., 2020).
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1.2.2. THE INTERNET OF THINGS

The common denominator of 14.0 is the need to generate data from physical objects
that can communicate with each other and digital objects. This puts the IoT, a network
of sensors for generating and transmitting data among objects, in the middle of the
agenda as a catalyst for digital transformation (Cohen et al., 2019).

The concept of [oT originated in 1999 when it was referred to as “uniquely identifiable
interoperable connected objects with radio-frequency identification technology
(RFID)” (Li, S. et al., 2015). At this stage of development, the technology-enabled
passive identification of objects in a wireless network was increasingly adopted in
different industries, such as logistics and pharmaceutical manufacturing. Since then,
the concept has evolved through the phases of representing wireless sensor networks,
in which other sensor types than RFID were introduced, and the concept of smart
things, in which mobile computing was introduced to the network is connected de-
vices. The current phase represents the next generation in this network, in which in-
telligent physical objects can be identified and controlled digitally. Therefore, in its
current stage, the IoT is referred to as a “technological paradigm” (Lu et al., 2018) as
it represents an architecture in which sensors generate data from the physical environ-
ment, communication networks for transmitting the data between physical and digital
entities, and gateway applications for processing (i.e. storing and analysing), and fi-
nally presenting the information to the user (Links, 2013).

The role of IoT in the CE is widely acknowledged in the academic discourse (e.g.
Agyemang et al., 2019; Alamerew & Brissaud, 2020; Kristoffersen et al., 2020; Lieder
& Rashid, 2016; Rajput & Singh, 2020; Rejeb et al., 2022; Singh, J. & Ordoiiez,
2016). Among its capabilities, the [oT can monitor products throughout their lifecycle
and support data-driven decision-making according to circular principles (Ingemars-
dotter et al., 2019). In summary, the IoT can enable organisations in their circular
transformation through increased transparency and control in supply chain operations
and innovating their business models (Ramakrishna et al., 2020; Shokouhyar et al.,
2019).

1.3. THE TWIN TRANSFORMATION

The European Commission has defined the following as one of their key strategic
orientations: “Making Europe the first digitally-led circular, climate-neutral and sus-
tainable economy through the transformation of its mobility, energy, construction and
production systems” (European Commission, 2022b). Accordingly, the European
Commission puts the ‘twin green and digital transition’ at the forefront of its growth
strategy, the “European Green Deal®, to create competitive products, services, and
business models through research and innovation (European Commission, 2022a).
The twin transformation, or transition as the European Commission labels it, repre-
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sents the coherent and simultaneous pursuit of the circular and the digital transfor-
mation, for which the two individual agendas mutually benefit each other. While the
relation between the IoT and the CE — used as the working definition throughout this
research project, rather than the entirety of the digital technologies — is well argued
for in extant literature, it is done in a one-way relation. As seen in the previous sec-
tions, the role of digital technology plays an active yet secondary role in the CE trans-
formation, e.g. as seen by its presence in the framework of CE strategies by Konietzko
et al. (2020) and the CE dimensions as defined by Uhrenholt et al. (2022b). Mean-
while, the role of the CE in IoT development and implementation remains unexplored.

This dual agenda may be elaborated by explicitly distinguishing between the data re-
quirements for capturing material and functional value. In their discussion of resource
effectiveness in product value, the concept of material and functional value originates
from Kumar et al. (2007). Product value can be divided into material value; the value
associated with the raw materials used to manufacture a product, and functional value;
the value associated with realising the product functionality (Kumar, V. et al., 2007).
The environmental impact of perceiving material and functional value of products are
significantly different. The emissions, resource consumption, and monetary cost of
recycling and remanufacturing products are significantly higher than those of reuse
and sharing strategies relative to the value capture of these strategies. However, the
data requirements for capturing material value are different, i.e. more simple for cap-
turing functional value. For capturing material value, product meta-data, i.e. the ma-
terial and traceability data, is required, e.g. material content, the origin of the materi-
als, rate of recycled materials in product and packaging, product design characteris-
tics, and resources used in the manufacturing process. For capturing functional value,
the product meta-data and product performance from the use phase is required, e.g.
frequency of use, product damage/failure, rental frequency, and use environment
(Bjerre & Parbo, 2021).

The IoT becomes relevant to generate and collecting the product performance data
that allows for pursuing functional value in circular loops. By installing intelligent
sensor technology to products, connecting these to the internet and performing live
performance analysis, organisations can perform timely replacement or repair to prod-
ucts before irreversible damage occurs to the product or the system in which the prod-
uct operates (Morlet et al., 2016). The IoT technology generates a direct link between
the product in the market and the organisation managing it during its use phase. The
application of data analytics (Gartner, 2022), e.g. diagnostic or prescriptive analytics,
to the product performance data can build condition-based or predictive maintenance
operations, i.e. enabling the execution of maintenance activities that maintain the
steady performance of assets, through demand-driven forecasts (Scheffer & Girdhar,
2004).

The supply chain plays an increasingly important role to the individual organisation,
as the increasing complexity of both products and processes makes it too challenging
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to manage all that know-how in-house (Fine & Whitney, 2002). With this increased
value creation in the supply chain, increased value loss and leakages follow. There-
fore, a shift in mindset is required from the traditional value chain versus the value
chain to the more extensive value system of supply networks. The exchange of waste
and by-products between otherwise unrelated organisations, i.e. Industrial symbiosis,
is a well-known concept in the industry. However, it is primarily adopted by physi-
cally proximate organisations due to the benefits of infrastructure, knowledge, and
trust relative to building such relations with physically distant organisations (Ram-
sheva et al., 2019). These activities have recently been supported by establishing dig-
ital platforms and intelligent sorting (Prosman & Wahrens, 2019). If extending the
view in this trajectory, intelligent technologies can optimise waste and byproducts at
the value system level while enabling sharing, leasing, and performance business
models at the individual organisation level (Tukker, 2004).

Table 1.2 Correlation between 4.0 value drivers and CE strategies

14.0 Value Drivers CE Strategies
Productivity Increase Narrow
Machine downtime decrease Slow, Close
Automation of knowledge work All

Inventory holding decrease Narrow

Cost of quality decrease Narrow, Slow
Forecasting accuracy increase Narrow, Close
Time to market decrease Narrow, Close
Maintenance cost decrease Slow

Beyond the scope of maximising the value capture of products and resources, the
presence of material and product performance data is valuable in many other organi-
sational activities. For example, the detailed understanding of resource flows, process
limits and precise tolerances enable more precise scheduling and planning on both
operational, tactical, and strategic levels (e.g. sales and operations planning), which,
in turn, increases the utilisation of assets, i.e. reducing waste in terms of overpro-
cessing and idling. The ambition of the twin transformation is for this optimised plan-
ning of activities to be achieved at the product or organisational level and a value
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systems level, i.e. the direct and indirect supply chain to the individual organisation.
By generating, processing, and sharing data across value systems, autonomous deci-
sion-making in the supply chain will optimise the resource flows and utilisation, e.g.
by changing and altering the speed of flows from anticipating breakdowns and dam-
age of critical components. To summarise, Table 1.2 displays linkages between the
CE and the 14.0 agendas by correlating the 14.0 value drivers and the CE strategies
presented in Sections 1.1 and 1.2.

1.4. MANAGING THE TRANSFORMATION

This dual focus agenda is gaining attention both in industry and academia. For exam-
ple, the European HORIZON programme prioritises research activities in this agenda,
with the expectation of "building a lasting and prosperous growth, in line with the
EU’s new growth strategy, the European Green Deal” (European Commission, 2022).
Accenture argues that organisations pursuing the twin transformation are “2.5 times
more likely to be among tomorrow’s leaders” (Ollagnier et al., 2020). While this ar-
gument may be questionable, the twin transformation appears more often in the in-
dustry. In major European organisations, the conjunct discussion of digital technology
and sustainability appears in 5% of earning calls in 2020, increasing from 2% in 2018.
In comparison, digital technology and sustainability are discussed individually in ap-
proximately 50% of earning calls in 2020 (Ollagnier et al., 2020). Furthermore, 35-
40% of the surveyed European organisations plan to invest in digital technologies,
while 35% point towards IoT as the primary technology for their investments (Ol-
lagnier et al., 2020).

Despite the increasing attention to the twin transformation (even more so for the two
agendas individually), the task of engaging and succeeding in an organisational trans-
formation is proven troublesome to organisations. For example, McKinsey has found
that few organisations (20% in 2016) embarking on transformations are experiencing
substantial and sustained performance improvements, while even fewer (16% in 2018)
organisations are succeeding in complex and multi-faceted transformations such as
the digital transformation (de la Bouteticre et al., 2018). Lassen & Wachrens (2021)
also find that organisations adopt an operational perspective in implementing digital
technologies while neglecting the tactical and strategic potentials. Subsequently, Colli
et al. (2021a) argue that organisations should recognize the applicability of learnings
combined with the temporal dimension in their engagement with digital technologies.

The challenge of succeeding in an organisational transformation can be described
through Martec’s Law, which is portrayed as the “greatest management challenge of
the 21 century” (Brinker, 2013). Martec’s Law argues that while technological de-
velopment is exponential (also known as Moore’s Law), organisational development
is happening at a logarithmic rate, creating an ever-growing gap between the two.
Consequently, to overcome the overwhelming technological development, manage-
ment must strategically prioritise which technological development paths to embrace

28



CHAPTER 1. INTRODUCTION

while explicitly working with the organisational systems' learning capabilities to ab-
sorb the new technological developments and capture value from these accordingly.
Additional concepts such as the hype curve (Fenn & Time, 2007), the Dunning-Kru-
ger effect (Dunning, 2011), and the performance dip (Elrod & Tippett, 2002) contrib-
ute to Martec’s Law by elaborating how technologies develop while their adaptation
happens at a slower rate.

From the CE perspective, the manufacturing organisations are aware of the agenda,
while their engagement is predominantly characterised by adopting an internal focus
and targeting stand-alone changes that make an impact without challenging the sur-
rounding operations design (ATV, 2022). Using recycled materials and designing
products according to their life cycle are the most adopted circular processes, while
the more systemic processes, such as product take-back and a product-as-a-service,
are the least adopted circular processes. The operational and technological barriers are
the highest for manufacturers, while they predominantly find that the available tech-
nologies in the market are sufficient for realising the circular transformation (ATV,
2022). According to the CE maturity reference model we developed in the appended
paper 3, the manufacturers are at the ‘basic’ and ‘explorative’ maturity levels. At these
levels, the need for adopting CE principles appears sporadically, few CE principles
already generate value, although unintentionally, and explorative activities are taking
place to uncover the contextual value of the CE strategies. This further means that
they are yet to face the inflexion point in which their engagement in the twin transfor-
mation will substantially challenge the design of their existing operations and become
the new foundation of their business (He & Wong, 2004; Uhrenholt et al., 2022b).

If we try to summarise the current state of development of the twin transformation
presented in this chapter, we can see that (1) The potentials of the twin transformation
agenda are well-established. The principles and strategies of the CE and the IoT are
well-defined, despite the agendas being in pre-paradigmatic phases. (2) The industry
is challenged in getting engaged in this agenda and even more so in succeeding in its
transformation. The nature of multi-faceted transformations such as the CE, 14.0, and
the twin transformation have a challenging track record, where few organisations
build sustained performance improvements accordingly. (3) Martec’s law, the hype
curve, and the performance dip are all explanations as to why organisations are chal-
lenged in succeeding in such transformations — While suggesting specific action to be
taken by organisations to navigate these agendas. (4) Organisations are constrained in
navigating and keeping up with the development of these agendas, while they tend to
adopt a short-term operational perspective in developing and implementing new tech-
nologies and organisational principles. Additionally, if we turn to recent literature, we
find the following gaps in supporting the industrial circular and digital transformation:

e The lack of frameworks to guide the digital (Biiyiikkozkan & Goger, 2018)
and circular (Nobre & Tavares, 2021) transformation.
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e The lack of knowledge concerning how to address technical and processual
barriers, e.g. how to design processes according to CE principles using digi-
tal technologies (Abdul-Hamid et al., 2020).

e The lack of knowledge concerning the financial feasibility of CE initiatives,
e.g. product take-back (Abdul-Hamid et al., 2020; Sepulveda-Rojas & Beni-
tez-Fuentes, 2016).

1.5. THESIS OBJECTIVES

According to the gaps identified in the extant operations management literature con-
cerning the circular and digital transformation, this dissertation, including the collec-
tion of papers appended herein, intends to facilitate a deeper and more nuanced un-
derstanding of the twin transformation by providing:

An understanding of the structural elements of the twin transformation and
how they can be utilised to drive the transformation to build competitive
advantage in the changing industrial context.

Frameworks and guidelines for supporting the successful engagement with
the twin transformation.

1.6. THESIS STRUCTURE

The thesis is divided into nine chapters, which compose the collection of papers ap-
pended to it in unison. The thesis discusses the research project more broadly than the
individual appended papers.

Initially, in chapter 1, the CE agenda is introduced, including its definitions, strategies,
and economic levels for which the agenda is relevant. Subsequently, the role of digital
technologies and their dual relationship with the CE agenda is presented, followed by
the challenges perceived in managing the circular and digital transformation.

Chapter 2 presents the research context in which the research activities are performed.
This presentation included the Innovation Factory North and its engagement ecosys-
tem, bringing together researchers, industrial cases, and technology experts in these
desired research activities.

Chapter 3 presents the research design that frames the activities accordingly. Here the
philosophical position and the methodological framework deployed throughout the
research project are presented — in which the issue of balancing practical and academic
relevance is explicitly emphasised.
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Chapter 4 provides a summary of the appended research papers that comprise the
foundation of this thesis. Additionally, the linkages between the individual research
papers are briefly presented in this chapter.

Chapter 5 presents the research findings of the first research phase, focusing on the
current level of engagement in the twin transformation agenda in the Danish manu-
facturing industry.

Chapter 6 presents the research findings of the second research phase, focusing on
enabling the manufacturing industry to design their contextual engagement in the CE
transformation.

Chapter 7 presents the research findings of the third research phase, focusing on how
manufacturers can work with IoT to unlock and generate value according to CE prin-
ciples.

Chapter 8 discusses the thesis, emphasising the academic and managerial contribu-
tions.

Chapter 9 concludes the thesis by highlighting the value of the research activities and

outcomes, the limitations experienced throughout, and the opportunities for future re-
search to extend this research domain further.
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CHAPTER 2. RESEARCH CONTEXT

This research project is conducted as a combination of desk research and applied re-
search in collaboration with the industry. Therefore, this chapter presents the indus-
trial context in which the research is conducted.

The research project is sponsored by the Innovation Factory North” (IFN), which is
funded by the European Regional Funds. The IFN project aims to improve SMEs'
competitiveness by implementing 14.0 technologies, i.e. making them ‘smarter’. The
IFN is a local eco-system hub of industrial companies, technology providers,
knowledge institutions, and its students. The IFN defines an iterative and collabora-
tive approach for developing and implementing 14.0 technologies in Northern Jutland,
Denmark. The IFN eco-system and its approach are grounded in the following three
hypotheses concerning exploration in fast innovation cycles, prototyping, and learn-
ing from incremental steps (Meoller et al., 2022a):

e The innovation process: The technologies are available in the market. The
task is identifying and matching the required competencies to the needs and
problems.

e Organising the development process: Digital solutions can be made through
co-location, i.e. putting relevant stakeholders in the same room and co-cre-
ation, i.e. collaboration between industrial manufacturers and technology
providers.

e The learning process: Knowledge and competencies can be built in an iter-
ative and experimental process that can be structured and facilitated by re-
searchers.

2.1. RESEARCH ECO-SYSTEM

The research eco-system is comprised of four distinct domains, as visualized in
Figure 2.1: The academic domain where the research and the engagements in the
eco-system are designed; the industry domain that represents the industrial com-
panies engaged in the eco-system through the representative managers; the tech-
nological domain that represents the technology providers and the insights they
bring; and the joint engagement domain that represents the actual engagement
between the involved parties in the fashion that the researchers have designed.

7 https://www.ifn.aau.dk/
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Figure 2.1 Conceptualisation of the research eco-system (Inspired by (Moller et al., 2022b))

In this eco-system, the different stakeholders adopt specific roles and gain certain
benefits while inducing certain constraints, as presented in Table 2.1.

Table 2.1 IFN stakeholders

Stake- Primary
holder Role
Industrial Problem

companies = owner

Technol- Solution
ogy provid- owner
ers

Research- Process
ers owner

Benefits

Innovation capabilities and
new knowledge

Prototyping and testing spe-
cific solutions based on own
technology

Testing research proposi-
tions by engaging with the
problem.

Constraints

Hours to participate, de-
velop, and implement
the solutions

Hours to participate and

implement the solutions

Specific research inter-
est and focus

The four groups of industrial cases, or stakeholders, that engaged in the research ac-
tivities were selected based on their relevance and interest in the research questions,
as presented in Table 2.2. Hence, these cases were selected according to the purposive
(also known as judgemental) sampling technique, as these provided a setting that al-
lowed collecting the desired empirical information (Taherdoost, 2016). Furthermore,
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the industrial cases have been considered suitable for their respective engagement in
this research project, based on their availability to dedicate resources to its activities
and their agreement to follow the engagement as designed by the researcher.

Table 2.2 Contribution of industrial cases

Contribution/need Case Case Case Case
A B C D
Understanding the engagement and barriers X X X

to Twin transformation

Understanding CE from the organisational X
perspective and proposing frameworks for
designing, implementing, and maturing

Understand how to explore and exploit IoT X X
for CE

2.1.1. DANISH MANUFACTURING ORGANISATIONS — CASES A AND D

Cases A and D represent two groups of manufacturers that engaged in the twin trans-
formation agenda. Both the A and D companies were engaged in the multiple case
study article appended in the thesis as paper 2. Case D companies are those engaged
in exploring IoT technology for improved competitiveness — one of which is reported
in appended paper 5. These cases' early-stage engagement with the twin transfor-
mation was a common denominator. This level of maturity gave the industrial cases a
natural emphasis on learning the value and potential to build maturity in these agendas
— and in doing so, their attention transferred from one agenda to the other in the real-
isation of the dual relation between CE and 14.0. In their engagement with these agen-
das, the manufacturers predominantly took an operational approach in which they in-
itiated a short-term project with a limited organisational or technical scope for which
they emphasised building knowledge concerning the agenda while gaining perfor-
mance improvements from the project's specificity. In other words, they engaged in
these projects according to the hypothesis of the eco-system. Accordingly, the differ-
ing industrial outsets meant that these contributed to investigating the thesis objectives
differently or contributed to a confined part of the objectives.

2.1.2. DANISH LARGE ORGANISATION — CASE B

Case B is a large Danish manufacturing organisation. This organisation is engaged in
the early stages of CE transformation; hence, they are at a low circular maturity level.
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While they still execute explorative demonstration projects, they do so with a greater
strategy — making each demonstration project a small step on a more extensive and
structured journey. Therefore, this industrial case proved more suitable for the second
phase of the research project, relative to the others, concerning the CE transformation
process and the development of a framework for guiding this transformation.

2.1.3. RESEARCH AND TECHNOLOGY ORGANISATION — CASE C

Case C represents a Danish Research and Technology Organisation (RTO). This RTO
engaged in the research project as the technology provider, representing the techno-
logical domain in the research eco-system (Figure 2.1). The RTO engaged in the re-
search project with a dual focus. First, to engage with Danish SMEs embarking on the
14.0 transformation, providing insights and IoT-based solutions. Second, the RTO
sought to develop their product catalogue, being services to provide Danish manufac-
turers for which the CE agenda was to make its appearance. Finally, the RTO engaged
in the third phase of the research project to demonstrate the explorative framework
for idiosyncratic loT-based solutions, during which they brought forward their tech-
nological expertise towards the industrial cases. It is worth mentioning that the RTO
engaged with the industrial cases in close collaboration with the researcher, meaning
that only primary data was generated from these engagements.
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The industry has consistently been concerned with transformation to elevate perfor-
mance and ensure competitiveness (e.g. division of labour, lean, or outsourcing).
However, the scope of transformations has changed from cost (the 1960s) and quality
(the 1970s) to innovation from the 1990s and onwards from the increasing innovation
clock-speed (Boer, 2004). The operations management research domain has been con-
cerned with these transformations and the required innovation, whether product, pro-
cess or organisational (Boer & During, 2001). This concern is not less prevalent in the
domain of twin transformation for enhancing industrial sustainability. This chapter
presents how to answer the research objectives and the methods utilised to investigate
this. The question calls for empirical research to understand the current level of circu-
larity in the industry — to be used as an outset for developing guidance to the industry
in developing additional CE capabilities. Additionally, conceptual research is needed
to develop these guiding frameworks that enable the industry in its CE transformation.
The chapter presents the research approach, the philosophical position, the framework
guiding the research design to answer the research questions, and the methods used to
answer the research questions.

3.1. PHILOSOPHICAL RESEARCH POSITION

The philosophical research position represents the author's view on the world con-
cerning what constitutes knowledge and truth and whether truth is perceived as being
objective or subjective. Several philosophical views are established in the continuum,
from positivism on one end to constructivism on the other. The positivist sees the
world as external to the individual, meaning that facts can be observed from reliable
and replicable methods, which makes knowledge generalisable. Truth is an objective
product of pure reasoning (Bell et al., 2022). Conversely, the constructivist sees the
world as socially constructed, dependent on the circumstances, actors, and researchers
that all influence truth subjectively (Croom, 2010).

To discuss the philosophical position taken in this research project, it is beneficial to
consider the nature of the research field I am navigating. Operations Management is
a two-fold research domain, balancing the ‘hardcore’ engineering domain and the
‘soft’ social sciences from the close engagement with people in the organisational
context (Van Aken et al., 2016). This duality of Operations Management research
increases the complexity of research activities due to the increasing number of varia-
bles to consider, which may not be apparent to, or in control by, the researcher on
account of bound rationality. Therefore, the adoption of a pure positivistic or con-
structive philosophical position is deemed naive in this context, as the researcher, on
the one hand, is not able to propose universal generalisations from the acknowledge-
ment of contextual and uncontrolled variables, while on the other hand, rejecting any
form of generalisability drifts too far from the engineering domain.
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The Operations Management research domain is characterised by its dealing with
practical problems, and hence, it is characterised by its applied nature (Boer et al.,
2015; Holmstrom et al., 2009). The domain, and its contributors, aim to engage with
industry with the dual purpose of creating knowledge while solving practical problems
in the process (Lewis, 1998; McCutcheon & Meredith, 1993). Theoretical contribu-
tions in this domain consist “of [developing] a better predictive framework, model, or
theoretical tool that helps solve an empirical problem even if the framework incorpo-
rates wildly inaccurate representations of reality” (Boer et al., 2015). Accordingly, the
philosophical stance in this research is one of the instrumentalist (also known as the
pragmatist) (Laudan, 1978). As reality, i.e. the industrial context, changes over time,
the Operations Management research domain does not progress towards a universal
optimum, or truth, if you will. Alternatively, theories are strongly linked to their times
and are developed to meet the industrial demands of solving problems experienced
now and in the future.

3.1.1. BALANCING PRACTICAL AND ACADEMIC RELEVANCE

The emphasis on solving practical problems while contributing to academic
knowledge is discussed in extant literature (Boer et al., 2015; Nicolai & Seidl, 2010;
Stentoft & Rajkumar, 2018; Toffel, 2016). Among these studies, Toffel (2016) argues
that for research to be relevant, it must enable managers to make improved decisions.
This can be done in a wide array of ways, as defined by (Nicolai & Seidl, 2010) in
their terminology containing eight different forms of practical relevance, as depicted
in Figure 3.1.

Instrumental relevance — Schemes
— Technological rules/recipes
L. Forecasts

Conceptual relevance —— Linguistic constructs

Uncovering contingencies (common knowledge,
superstition, institutionalized practice)

Uncovering causal relationships (e.g. unknown
side-effects)

Legitimative relevance —— Credentializing (persons or knowledge)

L Rhetoric devices

Figure 3.1 Terminology for practical relevance (Nicolai & Seidl, 2010)
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Practical relevance is distinguished into three types of relevance. First, instrumental
relevance includes systematic and precise information, or rules, that allow the man-
ager to categorise different decision situations. This information is predominantly pre-
sented graphically as decision trees or charts. Instrumental relevance takes shape as
schemes, technological rules and recipes, and forecasts. Second, conceptual rele-
vance, which includes concepts, metaphors, and new or alternative routes of action,
does not determine a specific course of action. Instead, it enlightens the manager on
how to perceive a decision. Conceptual relevance takes shape as linguistic constructs,
uncovering contingencies and uncovering causal relationships. Third, legitimative rel-
evance is a latent form of relevance in the shape of credentialing and rhetoric devices.
This type of relevance appears like the one of linguistic relevance. However, it serves
a different purpose — creating legitimacy in the managers' argument using rhetoric (or
linguistic) devices.

During this research project, I predominantly contribute to instrumental relevance in
developing schemes (i.e. frameworks) for guiding the managers' decision-making. 1
also contribute conceptual relevance in identifying variables for the circular economy
transformation and IoT while latently contributing to legitimative relevance by
providing rhetoric devices to the manager. To achieve practical relevance in this re-
search project, I have engaged actively in the industry with various case companies to
get hands-on experience of the research domain in practice, as already elaborated in
Chapter 2. This engagement has ensured that the emphasis on balancing academic and
practical relevance could be achieved by aligning the gaps identified in academic lit-
erature with the gaps identified in practice (Toffel, 2016).

Additionally, developing theoretical contributions can be either consensus-creating or
consensus-shifting. By creating consensus, the contribution provides novel insight
into the relationship between variables while shifting consensus concerns moving an
already accepted position in academia to another (Boer et al., 2015). The academic
contributions in this research project are all consensus-creating, as they seek to answer
previously unanswered questions. For example, by creating an overview of the factors
affecting the financial performance of a product take-back system or by combining
the existing approaches of value stream mapping, goal-question-measure, and task-
technology fit in a novel framework for exploring the idiosyncratic design of IoT-
based solutions.

3.2. RESEARCH FRAMEWORK

This section introduces the research framework and the relation between the appended
papers. A total of six papers are appended to this research project, each aiming at
contributing to one or more of the defined research phases. The clustering and relation
between the appended papers are presented in Figure 3.2. The remainder of this sec-
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tion elaborates on these relations between the papers and their research questions. Fi-
nally, the research methods utilised in conducting this research are elaborated in Sec-
tion 3.3.

The first phase of the research project concerns the current level of twin transfor-
mation among Danish Manufacturers, along with the barriers experienced in progress-
ing further in the CE transformation. Two studies, and hence papers, address this ob-
jective: A multiple case study and a single case study. In this phase, the conceptual
relevance is present in uncovering causal relationships between variables relevant to
the CE transformation and the use of IoT herein — which changes the understanding
of the decision situation managers face.

The second phase focuses on the CE transformation in manufacturing organisations,
including the dimensions and factors to consider and how to engage in the transfor-
mation. Three studies address this objective: A case study, a conceptual model devel-
opment, and a systematic literature review. In this phase, both conceptual and instru-
mental relevance is present. New linguistic concepts are developed and structured in
schemes for changing how managers communicate and make decisions in CE trans-
formation.

The third phase focus on the exploration and exploitation of IoT technology in the CE
transformation. Two studies address this objective, both of which deploy design sci-
ence research. This phase provides instrumental relevance as both studies design
frameworks for exploring and exploiting this technology. During this research project,
another seven publications have been co-authored. These are not part of the PhD thesis
and its objectives; however, some are used throughout the thesis. The publications are
listed here:

e Ayati, S.M., Nygaard, J., Waehrens, B.V. (2020). A decision model for re-
engaging End-of-life products into the forward supply chain. NOFOMA
2020, Virtual, Reykjavik, Iceland.

e Jensen, S. F., Uhrenholt, J. N., Rincon, M. C., Adamsen, S., Kristensen, J.
H., & Waehrens, B. V. (2022). Remanufacture of warranty returns as ex-
perimental outsets towards product takeback. NOFOMA 2022, Reykjavik,
Iceland.

e Rincén, M. C,, Jensen, S. F., Adamsen, S., Uhrenholt, J. N., Kristensen, J.
H., & Waehrens, B. V. (2022). WHAT TO TAKE BACK? Decision-mak-
ing factors for functional value product exploitation. NOFOMA 2022, Rey-
kjavik, Iceland.

e Adamsen, S., Rincon, M. C., Uhrenholt, J. N., Jensen, S. F., Kristensen, J.
H., & Wacehrens, B. V. (2022). THE STRUCTUAL ELEMENTS OF A
GREEN SUPPLIER COLLABORATION PROGRAM. NOFOMA 2022,
Reykjavik, Iceland.
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e Jensen, S. F., Uhrenholt, J. N., Rincon, M. C., Adamsen, S., Kristensen, J.
H., & Waehrens, B. V. (2022). An interpretive structural modelling of bar-
riers towards product take-back. 9th EurOMA Sustainable Operations and
Supply Chains Forum, Zagreb, Croatia.

e  Mpoller, C., Hansen, A., K., Palade, D., Serensen, D., G., H., Hansen, E., B.,
Uhrenholt, J., N., & Larsen, M., S., S. (2022). Innovation Factory North -
An Approach to Make Small and Medium Sized Manufacturing Companies
Smarter. In The Future of Smart Production for SMEs, Springer (In Press)

e Mpoller, C., Hansen, A., K., Palade, D., Serensen, D., G., H., Hansen, E., B.,
Uhrenbholt, J., N., & Larsen, M., S., S. (2022). An Action Design Research
Approach to study Digital Transformation in SME. In The Future of Smart
Production for SMEs, Springer (In Press)

3.3. RESEARCH METHOD

The research approach and the methods chosen to investigate the topic in question are
guided by the nature and current state of maturity of the topic as a research domain.
The CE and the 14.0 agendas, and in turn also the twin transformation agenda, are all
argued to be multi-faceted and hence must be researched from different perspectives,
e.g. by distinguishing between micro, meso and macro economic levels or deep diving
into technological versus managerial/governance oriented studies. Furthermore, the
research agenda is in a pre-paradigmatic state, which still adopts concepts from other
research domains and lacks empirically grounded studies (Pagoropoulos et al., 2017).

Therefore, to build a comprehensive understanding of the agenda — and hence, provide
guiding frameworks accordingly- adopting a variety of research methodologies is ben-
eficial. This led to the adoption of mixed methods as the primary methodological ap-
proach for this thesis.

3.3.1. MIXED METHODS

The mixed methods methodology is an umbrella term covering the versatile combin-
ing, integrating, and employing of multiple methods (Creswell et al., 2003). An aca-
demic consensus is that mixing different research methods can strengthen a study
(Greene & Caracelli, 1997). However, all research methods have certain limitations.
Thus, using mixed methods can eliminate or neutralize the drawbacks of the particular
methodology (e.g. the level of detail of qualitative data provides other insights than
the width achieved in quantitative data) (Jick, 1979). The mixed methods methodol-
ogy consists of different types of mixing methodology. First, there is the mixing of
methods, i.e. the ways of collecting and analysing data. Second, there is the mixing of
methodologies, i.e. the different perspectives of how the entire research process is
viewed. Third, there is the mixing of paradigms, i.e. the fundamental standpoint on
truth and how to study it (Karlsson, 2010). In this research project, the primary mixing
consists of mixing methodologies, while the methods used in individual studies and
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my fundamental standpoint remain static. Mixing methodologies allow for answering
different research questions, in which emphasis can be put on either generating over-
view of a phenomenon or gaining depth in understanding the mechanisms that deter-
mine specific actions in a phenomenon. In this research project, a combination of dif-
ferent research methodologies is utilised to answer different research questions, gen-
erate a broader understanding of the phenomenon in question, and develop instru-
ments for practitioners in addressing said phenomenon, according to my philosophical
research position. Thereby, the emphasis is both on generating explanatory knowledge
by describing the current state of the investigated perspective, detached from the re-
searcher, while subsequently generating instrumental knowledge, i.e. the application
of knowledge for supporting the design and engagement in the CE (Pelz, 1978; Van
Aken et al., 2016).

Framing this research project according to the mixed method principles can be de-
ducted from the motivations for this study, as presented in Section 1.5. The emerging
presence of the agenda, both at the EU level and the organisational level, combined
with the previous insights into the challenges organisations are experiencing when
pursuing either the circular or the digital agenda, calls for studies from varying per-
spectives. First, to enable the instrumental guidance of organisations, it is beneficial
to obtain a broader understanding of the organisational population concerning its cur-
rent engagement in the agenda, along with building a more in-depth understanding of
how organisations perceive the role between the IoT and the circular principles. Sec-
ond, following the philosophical stance, the emphasis is on understanding how to
guide organisations in engaging in the transformation, both from the systems perspec-
tive encapsulating the agenda at the organisational level and by deep diving into more
processual perspectives of contextualising barriers and exploring the potential of the
IoT technology.

Considering the academic maturity level of the research domain, the following points
are worth mentioning. First, the multi-faceted nature of the twin transformation
agenda calls for approaching the research from multiple varying perspectives. The
ambition to provide instrumental guidance to practitioners implies a need for adopting
the systems perspective to enable the provision of more coherent insights into the
agenda. As organisations must acknowledge contextual contingencies, some of which
are external to their individual operations, the guidance to enable these organisations
to transform must be designed accordingly. Second, the pre-paradigmatic nature of
the agenda results in a lack of consensus about its subject matter, e.g. definitions, for
which the question of how to approach the agenda suffers. Accordingly, the varying
approaches utilised in the mixed methods are beneficial in seeking consensus across
differing levels of analysis.
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In summary, Table 3.1 provides an overview of the research activities conducted
throughout this project. The table emphasises the methodologies adopted in the ap-
pended papers, their methods, and highlighting the contributions enabled by the meth-

odological choices.

Table 3.1 Methodological choices for the six appended papers

Research
Phase Purpose

Understand the
current engage-
ment in the
twin transfor-
mation agenda

Understand
and instrument
the design of
the CE trans-
formation

Instrumenting
the exploration
and exploita-
tion of IoT in
CE

Methodology
in papers

Single
study

case

Multiple case
study

Conceptual
model devel-
opment

Systematic lit-
erature review

Design  Sci-
ence Research

Design  Sci-
ence Research

Method

Interpretive
structural model-
ling

Theory building,

few focused
cases

Conceptual
model develop-
ment

Systematic  re-
view technique.
The five-step
method by

(Denyer & Tran-
field, 2009)

Solution incuba-

tion and refine-
ment

Solution incuba-
tion

44

Methodological
contribution

In-depth understanding
of the barriers faced in
one case and the rele-
vance of the method

In-depth understanding
of synergetic relation-
ship between IoT and
CE

Suggests what consti-
tutes CE  maturity
through the identifica-
tion of dimensions and
levels

In-depth understanding
of the factors affecting
the financial perfor-
mance of product take-
back

In-depth understanding
of how to explore the po-
tential of IoT in existing
operations

Suggests how to use
self-assessment to ex-
ploit existing IoT capa-
bilities



CHAPTER 4. RESEARCH SUMMARY

This thesis is a collection of appended papers. This chapter presents a summary of
each appended paper in Table 4.1, including its research question or objective, its
method, and its linkages to the other appended papers.

Table 4.1 Summary of the six appended papers

Paper 1: Unlocking barriers to circular economy: An ISM-based approach to
contextualising dependencies (Jensen et al., 2022)

Research Question:

“How can interpretive structural modelling be used as an approach to contextual-
ize barrier interdependencies toward a circular economy?”

Method: Case Study — Interpretive Structural Modelling
Summary:

The research uses an interpretive structural model to explore the mutual dependen-
cies among barriers to CE transformation. The study finds the method valuable in
identifying chain mechanisms among the identified barriers and, hence, identifying
root causes inhibiting further development in CE transformation

Linkages:

o Paper 2: The barriers identified in the one case study are coherent with
the barriers and concerns addressed across the multiple case study.

e Paper 3: The barriers identified in this paper suggest a low CE maturity,
as these correspond to the low maturity levels. Furthermore, paper 3 sug-
gests a method for creating transparency, a coherent understanding, and
enabling further progression of CE maturity.

e Paper 4: Barriers identified concern, among others, the financial/market
conditions of a potential product take-back system.

e Paper 5: Demonstration projects are scarce and can be deduced as ham-
pering all identified barriers. In discussing the twin transformation, paper
5 proposes a framework enabling the demonstration of this novel technol-
ogy in the context of CE.
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Paper 2: Twin transformation: synergies between circular economy and internet
of things — A study of Danish manufacturers (Uhrenholt et al., 2022a)

Research Question:

“How do synergies between IoT and CE enable manufacturers to engage with the
twin transformation agenda?”

Method: Multiple Case Study
Summary:

This research uses a multiple case study to explore the synergetic relation between
the IoT and CE as the two constituent constructs of the twin transformation agenda.
The study finds the two constructs to be mutually beneficial, as IoT enables the
generation of product use data for pursuing CE strategies, while IoT is elevated
from the operational perspective when engaged in the CE context.

Linkages:

e Paper 3: The low CE maturity found in Danish manufacturers suggests
the need for tools such as the proposed maturity model

e Paper 4: Financial sustainability is critical to the manufacturers while
looping strategies, including product take-back, are not yet adopted. The
lack of financial benefits of digital and sustainable investments is a show-
stopper and a broadly identified barrier.

e Paper 5: Current level of maturity in Danish manufacturers calls for sim-
ple yet effective approaches for exploring the use of IoT to support the
development of CE strategies.

e Paper 6: Like paper 5, with an emphasis on exploiting existing technolo-
gies available to the organisation that potentially are not utilised effi-
ciently.

Paper 3: Maturity model as a driver for circular economy transformation (Uhr-
enholt et al., 2022b)

Research Objective:
“Identify organisational dimensions of the circular economy; identify circular
economy maturity levels from the microeconomic perspective, and; propose,

from a systems perspective, a maturity model for the circular transformation for
the manufacturing organisation.”
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Method: Conceptual Model Development
Summary:

This research uses conceptual model development to propose a maturity model for
the CE transformation of manufacturing organisations. The concept of maturity in
CE is grounded in systems perspective and expertise principles. Organisational CE
is defined into six organisational dimensions: value creation, governance, people
and skills, supply chain and partnership, operations and technology, and product
and material. Furthermore, the CE transformation is specified into six discrete ma-
turity levels: none, basic, explorative, systematisation, integration, regeneration.

Linkages:

e Paper 5 & 6: The work with IoT (technology) is in low-mid maturity
concerning in-use strategies due to its operational and topical nature. This
is perceived as a steppingstone toward looping strategies which require,
among others, historical data for appropriate decision-making.

Paper 4: Circular economy: Factors affecting the financial performance of prod-
uct take-back systems (Uhrenholt et al., 2022¢)

Research Question:

“What factors affect the financial performance of product take-back, and how do
they affect the financial performance?”

Method: Systematic Literature Review
Summary:

The review finds 12 factors affecting the financial performance of product take-
back systems. The factors are clustered into context, supply chain, and company.
Two sub-dimensions are defined with the company dimension: product and opera-
tions. Finally, two propositions are put forward as to how to pursue the financial
viability of product take-back: Designing take-back systems according to external
and supply chain conditions and adopting innovative operating models such as dig-
italisation for breaking the trade-off between cost and value capture.

Linkages:

e Paper 5: The explorative framework proposes an opportunity to uncover
the costs/benefits of using IoT in a product take-back system.
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Paper S: Translating transparency into value: an approach to design IoT solutions
(Colli et al., 2021b)

Research Question:

“How can the process of designing an IoT solution be addressed in order to tailor
it to context-specific application needs?”’

Method: Design Science Research
Summary:
This research uses design science research to develop a framework for systemati-
cally addressing the idiosyncratic design of IoT solutions. The framework balances
the exploration of new technology with exploitative needs to improve operating
performance.
Linkages:

o Paper 6: The papers complement each other in overcoming pilot purga-

tory by emphasising exploring new technology and exploiting existing

and available technology in the particular context.

Paper 6: A self-assessment framework for supporting continuous improvement
through IoT integration (Nygaard et al., 2020)

Research Question:

“How can companies identify continuous improvement potential related to the in-
tegration of [0T?”

Method: Design Science Research

Summary:

This research uses design science research to propose a framework for systemati-
cally addressing the exploitation of existing [oT integrating technology in the indi-
vidual organisation. The framework empowers the individual organisation by em-

phasising well-known methods for assessing its own operations and, hence, identi-
fying the potential sub-optimal use of current technologies.
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CHAPTER 5. TWIN
TRANSFORMATION ENGAGEMENT
OF DANISH MANUFACTURERS

This chapter investigates the current level of engagement in the twin transformation
in the context of Danish manufacturing organisations. First, a case study of the barri-
ers, and their contextual dependencies, experienced in a large Danish manufacturing
organisation is presented. Second, a multiple case study is presented. This study in-
vestigates the current engagement in the twin transformation of Danish manufacturers
and their approach to the transformation. The reflections made across these two stud-
ies inform the subsequent chapters in this thesis concerning how to design the trans-
formation from a systems perspective and perform explorative and exploitative activ-
ities concerning the use of the IoT in the twin transformation agenda.

5.1. INTRODUCTION

The CE is gaining awareness in both the institutional and the industrial landscape. At
the institutional level, both national and supra-national institutions are forming devel-
opment strategies according to the CE principles, e.g. the European Union’s Circular
Economy Action Plan as part of the European Green Deal (European Commission,
2020) and China’s Circular economy Promotion Law (Yuan et al., 2006). At the in-
dustrial level, despite increased awareness at the conceptual level, organisations are
challenged in successfully adopting CE principles (Lahti et al., 2018). More specifi-
cally, manufacturing organisations in the United Kingdom and the European Union
are found to have limited awareness of the CE agenda (Kumar, Vikas et al., 2019). As
a result, recent research has focused on understanding the barriers that organisations
experience in this agenda (e.g. Ayati et al., 2022), along with the ambition to define
paradigms of the CE principles to steer the agenda out of its pre-paradigmatic phase
(e.g. Nobre & Tavares, 2021). Accordingly, investigating barriers to the CE transfor-
mation is well-studied (Tan et al., 2022), leading to a nuanced understanding of these.
The barriers to the CE exist at macro, meso, and micro-economic levels (Urbinati et
al., 2021) and may be structured into the institutional, value chain, company, and em-
ployee level barriers (Guldmann & Huulgaard, 2020). Additionally, they are both hard
and soft barriers (De Jesus & Mendonga, 2018) and interdependent (Kirchherr et al.,
2018). The multi-faceted nature of the CE agenda, which calls for adopting the sys-
tems perspective, turns the attention to the argument that the barriers are interdepend-
ent.

Additionally, the role of digital technologies in the context of the CE agenda is devel-
oping. Initially, a one-way relation has been presented in the literature concerning the
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enabling role of digital technologies for CE transformation, e.g. Rosa et al. (2020) and
Rejeb et al. (2022). Most recently, the dual and synergetic relation between the two is
being coined in the twin transformation, which has gained the European Commission's
interest, which is using this terminology in their strategic initiatives (European Com-
mission, 2022). However, despite its emergence, the empirical evidence of this syn-
ergetic relation is limited.

The following three sections address the current engagement in the twin transfor-
mation agenda and the barriers, including their interdependent relationships, experi-
enced in doing so. The sections are based on the findings from two research activities,
papers 1 and 2, followed by a joint reflection across the two research activities.

5.2. CONTEXTUALISING DEPENDENCIES AMONG BARRIERS
TO CIRCULAR ECONOMY TRANSFORMATION

This section summarises and discusses the research described in paper 1, focusing on
the barriers identified and their interdependencies. The following research question is
made:

“How can interpretive structural modelling be used as an approach to contextualize
barrier interdependencies toward a circular economy?” (Jensen et al., 2022)

Research background

The industrial transformation toward the CE is not straightforward for manufacturing
organisations (Lahti et al., 2018). The agenda is multi-faceted, calling for adopting
the systems perspective (Niero & Rivera, 2018) in designing and implementing its
principles. Additionally, barriers are experienced and reported at different organisa-
tional and institutional levels (Ayati et al., 2022) while also exhibiting strong context-
dependencies (Kirchherr et al., 2018). Therefore, the lack of acknowledgement of
these interdependencies proposes the risk of sub-optimising and negative synergies
for organisations undergoing their CE transformation.

The following research results from an investigation of utilising interpretive structural
modelling (ISM) for contextualising interdependencies among the barriers experi-
enced in a large Danish manufacturing organisation.

Research summary

This study observed that barriers to CE transformation are present at both organisa-
tional and institutional levels and are strongly linked. From the investigation of this
large Danish manufacturing organisation, barriers are identified and clustered into the
market, financial, technical, and regulative clusters as presented in Table 5.1.
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Table 5.1 Identified barriers to the circular economy transformation (Jensen et al., 2022)

Managerial

Market

Barrier

Risk
(RA)

aversion

Lack of internal
coordination
(LOC)

Lack of inspira-
tion (LOI)

Unclear visions
(UV)

Lack of
knowledge and
competences
(LKC)

Lack of partner-
ships (LOP)

Unclear  sales
strategy (USS)

Lack of cus-
tomer demand

Description

Managers are inclined to favor a complete overview of
the circular transition. As this overview is often absent
due to high uncertainties, managers are hesitant to take
risks.

The ability to effectively undertake a circular transi-
tion requires a coordinative effort across functions, in-
cluding but not limited to service centers, logistics,
production, quality, and sales. This has proven partic-
ularly challenging.

As CE is new to the case company, they are actively
seeking inspiration from other companies. However,
demonstration projects are scarce.

Circular economy has caught the awareness of the case
company. Yet, visions for the transition are unclear.

Employees experience a lack of knowledge about the
principles of a circular economy as well as the compe-
tences to integrate them into their daily operations.

The case company acknowledges that a circular tran-
sition requires partnerships with customers, suppliers,
third-party service partners, and/or waste handlers as
well as universities in ways that differ from past col-
laborative efforts. However, little is known about the
required capabilities from partners.

Selling refurbished products is difficult due to fluctu-
ating availability. As the product return flow is unsta-
ble, availability of products cannot be guaranteed. Fur-
thermore, questions are raised concerning sales chan-
nels.

Customer demand remains weak. Furthermore, it is
questionable.
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and acceptance
(LDA)

It is difficult for a take-back program to generate a

-g Poor profitabil- profitable business case in the short term. Long-term
e ity (PP) profitability is considered probable but with high un-
E certainty.
Complex re- Complexity of developing a reverse supply chain is
verse supply = high due to difficulties of acquiring products as well
chain (RSC) as product disassembly.
= . As products on the market have not been designed for
S Lack of circular . . AN
= . a circular economy, disassembly of products is signif-
= design (LCD) .
S icantly hampered.
=
Questionable re- As the case company produces I‘ugl‘l-‘quahty prodpcts,
D concerns are raised about the reliability of refurbished
liability (QR)
products.
Obstructing regulation hampers take-back. To exem-
Obstructing reg-  plify, end-of-life products are sometimes considered
E ulation (OR) waste, which makes it difficult to import/export across
= borders.
=
g
~ Lack of incen- Few incentives are provided by national or interna-

tives (LI)

tional regulations.

The subsequent investigation of barrier interdependency reveals that all barriers are
linked either directly or through intermediate barriers. This finding supports the gen-
eral understanding and perception of the CE agenda as a multi-faceted system that is
complex to navigate. That all barriers are interdependent in the final reachability ma-
trix makes the method unfitting in guiding organisations in understanding and ap-
proaching their barriers systematically. This issue is addressed in Section 6.4 in which
the operational potential of this model is presented and discussed. Due to the all-con-
nected nature of the identified barriers in the final reachability matrix, the initial reach-
ability matrix provides a more sequential interdependence network among directly
linked barriers, as presented in Figure 5.1.

52



CHAPTER 5. TWIN TRANSFORMATION ENGAGEMENT OF DANISH MANUFACTURERS

. Complex reverse supply
<« <«

Risk aversion (RA) <> Poor profitability (PP)  <«—» Ouesitent 212 e el 17

(QR)
Lack of circular design
(LcD)
I Most impactful Unclear vision (UV)
=
O
O Lack of knowledge and
[ Least impactful competences (LKC)
Lack of coordination (LOC) Lack of incentives (LI)

L )

Lack of inspiration (LOI)

Lack of customer demand
and acceptance (LDA)

Obstructing regulation
(OR)

Figure 5.1 Interdependences among barriers to circular economy transformation (Jensen et

al.,, 2022)

Analysing the identified and linked barriers show that external institutional and mar-
ket-oriented barriers are foundational, yet only moderately impactful, to the CE trans-
formation. In high-level terms, the lack of demand from the market causes a series of
uncertainties and barriers concerning how the supply of products should be designed
according to CE principles. Additionally, lacking inspiration on how to approach this
agenda appears incapacitating in further organising and operationalising the CE initi-
atives, i.e. pulling the organisation out of its linear lock-in, as seen in the ‘lack of
coordination’, 'lack of knowledge and competences’, “‘unclear vision’, and ‘lack of
circular design’. Risk aversion materialises in both successful and un-successful sce-
narios. The organisation is hesitant to engage with external partners from the quality
and financial concerns of establishing take-back systems (i.e. an unsuccessful sce-
nario). At the same time, the thought of success, paradoxically, is equally undesirable
to the organisation in the scenario that the demand for sustainable products (e.g. re-
manufactured products) exceeds the supply that the organisation can produce.
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5.3. SYNERGIES BETWEEN CIRCULAR ECONOMY AND
INTERNET OF THINGS

This section summarises and discusses the research described in paper 2, in which the
following research question is made:

“How do synergies between loT and CE enable manufacturers to engage with the
twin transformation agenda? ” (Uhrenholt et al., 2022)

Research background

The link between CE principles and digital technologies is well-acknowledged in ac-
ademia. Previously the link has been one-way, as the digital technologies enable the
CE transformation (e.g. Rejeb et al., 2022). Most recently, the link is argued to be a
two-way relationship where the digital technologies are a means to the end of achiev-
ing CE, while the CE represents a purpose for the digital technologies — This is being
coined as the twin transformation agenda. However, the empirical evidence for this
synergetic relation between the two constructs of the agenda is limited, while the in-
dustry is reportedly struggling with the two agendas independently (Kirchherr et al.,
2018; Rejeb et al., 2022; Rosa et al., 2020).

The following research results from an investigation of this synergetic relation be-
tween the 10T (as a representative of the digital technologies of 14.0) and CE. This is
a multiple case study of ten Danish manufacturers engaged in this agenda, although
at an early stage.

Research summary

In this study, it is observed that the [oT capabilities and the CE strategies are mutually
beneficial when pursued in conjunction. As a result, the barriers experienced for either
of the two constructs of the twin transformation agenda can be neutralised from the
contributing properties of the opposing construct, except for the barriers related to the
organisations being data-centric which is hindering from both perspectives, as pre-
sented in Table 5.2 and Table 5.3. Furthermore, the link between the two appears to
be close as the choice of CE strategy leads to the adoption of particular IoT capabilities
and vice versa in most investigated cases, as presented in Figure 5.2.
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Table 5.2 Barriers to the IoT implementation (Uhrenholt et al., 2022a)

Data handling, Issue of data centric A,B,C,D,
Data E, F, G, H,
LJ
. Lack of investment, Challenges in business model, | A, B, C, D,
Business .
Long payback period E,F,1,J
Need for talent and expertise A,B,C,D,
1,J
ozl Device specific (power efficiency, network architec- | F, G, I, J
ture, device management, safety of devices, standard-
isation of devices, internet infrastructure)

Table 5.3 Barriers to the CE implementation (Uhrenholt et al., 2022a)

Business | Adopting a recovery approach, After-sale supports | A, B, C, F,
model / and lower lifecycle time, Lack of mature tech for | G, H, 1, J
Operations | adopting a recovery approach, Using feedback, Struc-
design ture or communication methods
Quality assessment and control, Integrating data be- | A, B, C, D,
Data tween entities, Information about life use conditions, | F, G, H, J
Reliable information, Mature technology for integrat-
ing data, Tracking take-back initiatives
Source/capability and incentive to invest, Leadership | A, B, C, F,
Govern- and management, Reluctancy, Priority of the organi- | G, H, I, J
ance / Risk | sation, Reliability along the supply chain, resource ca-
averse pacity, The wrong focus of regulation, Public educa-
tion, awareness, and any social norms
Cost / Risk of low profits and long time to pass the break- | D, F, G, H
Value even point, Final price of a recovered product
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CE business models (Tukker, 2004)

Prod. Use Result Prod. Use Result
E2

Prescriptive

Predictive

Optimisation

Diagnostic

Descriptive

Prescriptive

s —
Hc

Predictive

Control

Diagnostic

Descriptive

2 2
H* ¢ G2
Prescriptive
Predictive
F2 Diagnostic
F —J Descriptive
D2
ﬁ B?

Tracking
Data analytics capabilities (Gartner, 2022)

IoT capabilities (Ingemarsdotter et al., 2019)

Prescriptive

Predictive

Monitoring

Diagnostic

I -k L/ Descriptive

In-use strategy Looping strategy

CE strategies (Ingemarsdotter et al., 2019)

Figure 5.2 Synergies between the IoT capabilities and CE strategies in the twin transfor-
mation (Uhrenholt et al., 2022a)
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From investigating these ten Danish manufacturers, we synthesise two propositions
concerning the relationship between the twin transformation's two constituent con-
structs, the [oT (representing 14.0) and CE. The propositions are:

Proposition 1. Data-driven decision making in the CE context: The IoT technology
provides specific lifecycle data of individual products, enabling the transformation to
serviticed business models from the cumulative build-up of data and know-how of
product performance, usage, and health. (Uhrenholt et al., 2022a).

Proposition 2. The strategic perception of IoT in the CE context: The CE context
related requirements must act as a design parameter for introducing IoT technology
to ensure its technological potential's strategic and sustainable relevance — Hence
relieving it from its cost-based constraints. (Uhrenholt et al., 2022a).

In brief, the propositions argue for the synergetic role of the two constructs. The in-
troduction of the IoT can generate the data required for organisations to gain insights
into the use and health of their products in the market, enabling data-driven decision-
making accordingly. By introducing the IoT to the CE context, the technology is ele-
vated from the constraining operational perspective in which it is usually perceived
(Colli et al., 2021a; Lassen & Waehrens, 2021). As such, the evaluation of its value
proposition is viewed not only from its short-term operational business contributions
but also from its long-term strategic contributions or enabling properties for further
strategic development.

5.4. REFLECTIONS

This phase of the research project has focused on uncovering Danish manufacturers'
current level of engagement and development in the twin transformation. The two
studies suggest that Danish manufacturers are in the initial phases of their transfor-
mation. In both studies, the manufacturers are primarily engaged in low-maturity ac-
tivities. For example, the manufacturers have predominantly focused on circular pro-
cesses that can be introduced into the organisation in an isolated manner, i.e. without
interfering with other organisational dimensions and processes, such as introducing
IoT to elevate service operations. The engagement with circular processes that are
more invasive to the existing, linear operations is less present in the industry. Hence,
we may deduce that the IoT capabilities and CE strategies related to a product-as-a-
service business model represent high-maturity activities due to their complexity and
required interference with the existing linear-based capabilities.

Across the two studies, we observe that the organisations find themselves very uncer-
tain about the twin transformation agenda, as a lack of inspiration, knowledge and
education in the circular principles hinder their progress. As such, it may be deduced,
with the knowledge from the ISM-based study (paper 1), that the need for talent and
expertise along with the issue of data-centric is, in fact, the root cause of the perception
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of other highly reported barriers such as the device-specific barriers and the concern
of data handling and reliable information as found in the multiple case study (paper
2).

The engagement in industrial sustainability seems not only to be made according to
noble reasons, such as the environmental and social dimensions, but it also heavily
relies on the expectations for economic performance. According to both studies, the
concern for economic performance is central to IoT and CE engagement.

The role of digital technologies in the CE agenda is elevated from the sub-optimal
category that has been seen before in the 14.0 literature. The short-term perspective
that the manufacturers are adopting in discussing and implementing digital technolo-
gies limits the perceived value contribution of such implementation. The lack of long-
term perspective puts the organisations at risk of sub-optimising their operations if the
technology is not evaluated according to the CE principles and its long-term strategic
direction. While the technology may aid in specific problem solving, the strategic po-
tentials of the technology — e.g. IoT devices enabling product take-back strategies,
from generating insights into the utilisation and ‘health’ of products in the market, are
neglected. Additionally, the general emphasis of retrofitting the technology onto the
existing products brings along positive reflections as it fits with the principles of cu-
mulative capabilities, i.e. the organisations are building on top of existing capabilities.
The manufacturers can swiftly and at a low cost explore the potentials of the technol-
ogy in their context and hence build superior solutions by working iteratively with the
retrofitted technology.

In summary, the industry is engaged in the twin transformation at a low level. Organ-
isations are adopting simple and non-invasive solutions, while they are hesitant to
work with more elaborate circular strategies, which is caused by a lack of inspiration,
knowledge, and vision, which, first and foremost, leads to uncertainty in the financial
performance of engaging in these strategies. Therefore, the findings from these studies
suggest that the industry could benefit from tools and frameworks for guiding their
engagement in the twin transformation while advocating the adoption of the systems
perspective in which soft and hard dimensions of the transformation are considered
across the short, medium, and long-term. For example, the adoption of the ISM meth-
odology in the context of other Danish manufacturers holds the potential of contextu-
alising their barriers to uncover the linkages and guide their transformation.
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CHAPTER 6. DESIGNING THE
CIRCULAR ECONOMY
TRANSFORMATION

This chapter investigates the structural elements of the CE transformation in manu-
facturing organisations from a systems perspective, according to individual context
needs. The chapter provides three elements to the design of this transformation. First,
it addresses the organisational design using the concept of maturity to assess an or-
ganisation's current state of circularity and aid in formulating a strategy for further
circular progression. Second, it presents how interpretative structural modelling can
be utilised in the context of CE to contextualise the dependencies among present bar-
riers to the transformation. Third, it provides an overview of the economic factors to
consider in designing economically viable product take-back systems. Finally, from a
systems perspective, this overview suggests how organisations can incorporate inter-
nal and external factors in the design.

6.1. INTRODUCTION

The increased attention towards the CE from both the institutional and the industrial
level raises questions concerning the structural elements of this agenda and how they
can be utilised to drive the transformation. As the CE is a multi-faceted agenda, it
requires a systems perspective (Niero & Rivera, 2018) to understand its system bound-
aries and the interdependencies in system elements to avoid pitfalls of sub-optimisa-
tion. The CE is labelled as an organisational transformation, which, in turn, calls for
the adoption of the cumulative capability perspective (originating from the resource-
based view (Wernerfelt, 1984)) (Gold et al., 2017) as organisations must build on top
of existing capabilities rather than deeming these obsolete (Corbett & Van Wassen-
hove, 1993). Furthermore, the maturity of the CE agenda, as being in a pre-paradig-
matic phase, does not make the transformation easier for organisations (Pagoropoulos
et al., 2017), e.g. as the terminology is not aligned, which, in turn, has resulted in
explicit calls for research in assessment tools and guidelines for aiding organisations
in their CE transformation (e.g. Nobre & Tavares, 2021).

Additionally, as we saw in Section 1.4, both large and small manufacturers in Den-
mark are challenged in adapting their operating model according to the CE principles.
They find themselves incapacitated in the complex interdependent web of barriers for
this agenda which calls for more strategically and systematic approaches for designing
their engagement and transformation towards the circular operating model.
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The following four sections address the formulation of CE strategies along with the
operationalisation of the engagement according to the particular context and the bar-
riers experienced herein. The sections are based on the findings from three research
activities from paper 3, paper 4, and paper 1, respectively, followed by a joint reflec-
tion across the three research activities.

6.2. DESIGNING COMPANY-SPECIFIC CIRCULAR ECONOMY
TRANSFORMATION STRATEGIES.

This section summarises and discusses the research described in paper 3 in which the
following research objective is made:

“To propose, from a systems perspective, a maturity model for the circular economy
transformation for the manufacturing organisation.” (Uhrenholt et al., 2022b)

Research background

The concept of maturity has, since the late *70s, been adopted in guiding the industry
in developing capabilities within specific agendas (Wendler, 2012), starting with qual-
ity management (Crosby, 1979) and data processing (Nolan, 1979), while it more re-
cently is utilised in the large agendas of digital transformation (Colli et al., 2019) and
CE (Sacco et al., 2021). The pre-paradigmatic state of the CE has already resulted in
a selection of different maturity models and studies that apply varying terminologies
in assessing the level of industrial engagement in the CE. However, most existing
maturity models and assessment tools do not adopt a systems perspective, as they
adopt specific contextual constraints, such as geographical regions (Ormazabal et al.,
2018) or focus on a subset of circular principles, such as circular product design
(Berzi et al., 2016). Furthermore, the existing models contain limited prescriptive
properties, as they provide little insight into what constitutes increased CE maturity
relative to the assessing organisation, as they are formulating assessment scores
through quantitative measures or grades.

Therefore, this research is initiated to support and act on the calls for research in
adopting the systems perspective in guiding the CE transformation and developing
assessment tools to guide practitioners in their transformation. The research results
from conceptual model development are grounded in the cumulative capabilities per-
spective.

Research summary

This research presents a novel CE maturity reference model, outlining the transfor-
mation journey, from the micro-economic perspective, across six organisational di-
mensions that are unfolded through six cumulative CE maturity levels.
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The maturity model takes an offset from extant literature, which is utilised for identi-
fying and defining the organisational dimensions relevant to discuss in the CE trans-
formation, along with the nuances in maturity progression from the explication of dis-
crete maturity levels. The investigation of organisational dimensions led to the defi-
nition of six central organisational dimensions to discuss in pursuing the CE princi-
ples. These are presented in Table 6.1.

Table 6.1 Dimensions of the organisational circular economy (Uhrenholt et al., 2022b)

Dimension Definition
The models utilised for generating and capturing value from CE
Value activities (e.g., sales models, take-back programmes, life-ex-
Creation tending services) and environmentally positive performance
(e.g., resource and emissions savings and regeneration).
The strategies and plans for the circular transformation (e.g., re-
Governance @ source allocation, circular awareness, and engagement on differ-
ent hierarchical levels).
The mindset and skills (both internally and with external part-
People and ners) required for enabling and acting on the circular transfor-
Skills mation (e.g., circular competencies, learning, and training cul-
ture).
) The stakeholders external to the organisation required for the
Supply Chain Lo ; L
exchange and optimisation of materials, products, and activities
and ) (e.g., shared visions and activities, engagement with external
Partnership experts).
. The equipment and systems in place for performing CE activi-
Operations ties (e.g., machinery and tools, systems aiding the scheduling
and and identification of appropriate treatment according to value
Technology

potential).
The characteristics of the products that enable circular strategies
and activities (e.g., extended life cycle, simple disassembly, and
refurbishment).

Product and
Material

Subsequently, six discrete maturity levels are defined from the investigation of extant
literature. These are labelled according to the primary capability that characterises
them, as presented in Table 6.2. The maturity levels are built on the principles of sys-
tems thinking (Checkland, 1999) and expertise (Dreyfus & Dreyfus, 2005) — both
well-known principles in the discussion of maturity. The principle of expertise con-
cerns the presence of heuristics in the decision-making process within the organisa-
tion. As the circular maturity levels increase, the circular principles gradually become
a natural and nuanced part of the heuristics. The principle of systems thinking con-
cerns the level of embeddedness of circular principles in the organisational operating
model. At low maturity, the CE principles may be present in a few isolated corners of
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the organisation, while higher maturity is characterised by these principles being in-
tegrated throughout the operating model coherently.

Table 6.2 Levels of organisational maturity for the circular economy (Uhrenholt et al.,
2022b)

Dimension Definition
There is no presence of circular awareness, elements of circular
None economy in strategies, or related activities in the organisation.

Only legal requirements, e.g., for waste handling, are in place.

The need for CE appears in the organisation, and discussions
Basic about how and where to act are happening. Few, unintentional
CE principles generate value.

Demonstration projects and pilots are initiated across different
functions in the organisation to prove the value of the circular

Explorative ove LU
economy and to test organisational capabilities.

Means for pursuing CE are implemented, by design, through-
Systematic out the organisation. Successful pilots are implemented, and
scaling is initiated.
I . Circular initiatives and ambitions are aligned throughout the
LN organisation and its critical supply chain.
R . The organisation is truly engaged in the circular economy and
egencrative is regenerative and restorative by intention and design.

The desire to develop a prescriptive maturity model for the CE transformation re-
quired that the organisational dimensions be directly linked to the maturity levels in a
manner that enabled the individual organisation to assess its current level of maturity
and develop its subsequent, desired level of maturity. This argument was based on the
proximal zone of development (Harland, 2003), from which the maturity model can
be labelled as the scaffolding object that enables and guides the organisation in mov-
ing from its current zone of development to its proximal zone of development. The
correlation between each of the six CE dimensions across the six maturity levels is
explicated in Table 6.3.
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Table 6.3 Circular economy reference model (Uhrenholt et al., 2022b)

None

Basic

Explorative

Systematic

Integrative

Regenerative

Value Creation

No value is created from

CE activities. Waste and

emissions are only a con-
cern when imposing cost.

Waste management gener-
ates income. Emissions
and waste reductions are
achieved through simple
“Avoid and Reduce” initi-
atives.

Value is generated
through learning and ex-
perience in explorative ac-
tivities regarding CE prin-
ciples. Sustainability still
imposes a trade-off with
the traditional perfor-
mance measures from a
lack of appropriation.
Value generation and cap-
ture increase as appropria-
tion of CE increases.
Trade-offs among perfor-
mance measures persist
from long time lag of pre-
vious decisions.

The focus of appropriation
is turned outwards, target-
ing supply chain optimisa-
tion. Multiple circular
loops are generating value,
for which internal pro-
cesses and design are ef-
fective.

Value is generated from
optimised use and cas-
cades between all circular
loops.

Governance

No attention is paid
to the circular
agenda, and it is not
present in the strat-
egy.

Simple initiatives
emerge sporadically
in the organisation.
CE has no critical
role in the strategy.

Few organisational
resources are (par-
tially) allocated to
CE. CE is present in
the corporate strat-
egy, but it is not op-
erationalised.

CE is incorporated
into the organisa-
tional design while
the CE strategy is
operationalised with
defined objectives
and activities.

The CE strategy fo-
cuses on the supply
chain while CE is
well-established in-
ternally.

CE is embedded in
the strategy and
management of the
organisation.

63

People and Skills

No skills for CE are
present in the organisa-
tion, nor is training for
CE in place.

No formal training.
Few knowledgeable
and/or curious re-
sources.

Search for knowledge
results in sporadic
learning activities for
dedicated resources.
CE is in focus when re-
cruiting.

Formal training and
knowledge dissemina-
tion for critical em-
ployees occurs.

CE competencies are
part of employee DNA.
Formal training with
supply chain partners is
operationalised.

CE competencies are
strategically prioritised
throughout the organi-
sation and with exter-
nal partners.
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Regenerative
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Supply Chain and
Partnership

No CE-related en-
gagement with busi-
ness partners or
knowledge institutes.

No activities with an
explicit focus on CE.
Simple environmental
improvements with
economic benefits are
realised.

Explorative projects
are executed with a
single external part-
ner. Few, one-off, en-
gagements with
knowledge institu-
tions take place.

Projects with external
partners and
knowledge institu-
tions are formalised.

Infrastructure ena-
bling the exchange of
physical and digital
resources is well es-
tablished.

The supply chain fa-
cilitates a seamless
flow of materials,
waste, and infor-
mation.

Operations and
Technology

No activities related to
CE are taking place in-
ternally or in the sup-
ply chain.

Simple changes are
made to operations to
reduce waste and
emissions. Operational
principles (e.g., just-
in-time) are in place to
avoid waste.

Simple workstations
are set up to explore
disassembly for R-
strategies. Due to the
lack of formal proce-
dures, activities in op-
erations and supply
chain are hand-held.
Circular processes are
formalised alongside
existing forward oper-
ations. Investments are
made to meet expecta-
tions of efficiency and
effectiveness.
Advanced technology
is implemented for au-
tomating supply chain
information flow for
optimising the physi-
cal flow of materials
and products.

Internal and supply
chain processes are de-
signed for CE to pro-
vide effective and effi-
cient processing of
products and materi-
als.
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Product and Material

The product and its ma-
terials are not designed
or optimised for CE.

Product performance and
material composition are
optimised from tradi-
tional cost and quality
perspectives.

Explorative activities
around “Design for X”
and real-time product
health are performed for
future product releases.
The recycling quality of
existing products and
materials is tested.

New products and mate-
rials are designed for
narrowing, slowing,
closing, regenerating,
and connecting circular
strategies.

Product health data are
available throughout the
supply chain, enabling
prolonged life cycles and
maintaining products in
circular loops.

Products are designed
for CE, hence material
use is minimised while
product life cycle is
maximised.



CHAPTER 6. DESIGNING THE CIRCULAR ECONOMY TRANSFORMATION

For organisations to progress in circular maturity, the concept of ambidexterity is of
interest. Ambidexterity concerns the simultaneous deployment of explorative and ex-
ploitative capabilities in the organisation — despite fundamentally contradicting the
two strategies. In the context of CE transformation, organisations must adopt and de-
ploy explorative capabilities, especially in the initial maturity phases of their transfor-
mation. These activities should emphasise learning and the potential of adopting cir-
cular principles to the existing operating model, while exploitative activities should
be maintained for the existing linear operating model. However, as the organisational
maturity level increases, organisations will find themselves at an inflexion point
where they must translate the learnings from the explorative activities into exploitative
activities according to the circular principles. The conflict at this inflexion point orig-
inates from the need to transfer or transform the linear principles into circular princi-
ples. This conflict is, among other things, related to the need to change organisational
structures and processes, which will impose a temporary performance dip on the or-
ganisation (Bockholt et al., 2020; Uhrenholt et al., 2022c¢).

In summary, the proposed maturity reference model contains prescriptive properties
and provides a systems perspective to the circular organisational transformation as it
enables the manager to assess their engagement in the agenda across the six dimen-
sions while considering the guiding principles that define higher maturity levels for
guiding their further engagement in the transformation.

6.3. DESIGNING FINANCIALLY FEASIBLE PRODUCT TAKE-
BACK SYSTEMS

This section summarises and discusses the research described in paper 4 in which the
following research question is put forward:

“What factors affect the financial performance of product take-back, and how do
they affect the financial performance?” (Uhrenholt et al., 2022¢)

Research background

Within the CE, the product take-back is an essential strategy in recovering residual
material and functional value from the market. However, the industry is challenged in
designing and operating product take-back systems that are financially feasible
(Sepulveda-Rojas & Benitez-Fuentes, 2016), as products are losing their functional
value gradually when moving through the reverse supply chain (Blackburn et al.,
2004). This has led to calls for research into financially sound business models in
which product take-back plays a central role (Hvass & Pedersen, 2019).

Additionally, as we saw in Section 1.4, both large and small manufacturers in Den-

mark are, despite high expectations of the financial performance of CE principles,
challenged in operationalising the cost and value drivers of the agenda and hence are
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questioning its profitability. In-use strategies are adopted in favour of looping strate-
gies which may be explained by the risk aversion seen at the large Danish manufac-
turer, which is grounded in uncertainties concerning the quality of remanufactured
products and the cost of processing these, along with the novelty in the activities that
must be organised, both internally and with supply chain partners.

Therefore, this research is initiated to support and act on the calls for research on the
financial performance of product take-back systems. As extant literature approaches
the multi-faceted CE domain by deep diving into various topics, e.g. product design
(Bocken et al., 2016), business models (Kjaer et al., 2019), reverse supply chain
(Blackburn et al., 2004), and legislation (Atasu & Van Wassenhove, 2012), a system-
atic literature review is conducted for identifying and compiling the factors that are
interesting in the discussion of the financial feasibility of product take-back systems.

Research summary

This research presents 12 factors identified in the extant literature that are found to
play a significant role in the financial feasibility of product take-back systems from
the organisational perspective. The systematic literature review was conducted using
the five-step methodological approach by Denyer & Tranfield (2009). Figure 6.1 vis-
ually presents the steps taken in identifying and evaluating the extant literature base.

Number of papers:

Database search
Database: Scopus
Keywords:
Title: “circular economy™ or “‘take-back™, —»  Finding 284 papers
Title/abstract’keyword: “financ™”, “economic™”, or “business case™”
Language: English
Subject Area: “Business, Management and Accounting”

¢ 284
Related:

Remove papers that is not related to the scope of ~ —#  Removing 159 papers

this study
l 125
Relevance:

Remove papers that is not related to the scope of ~ —»  Removing 46 papers

this study ¢ ,_79_

Final number: 79

Selection criteria
(Abstract)

Selection criteria
(Full paper)

Figure 6.1 Data collection and selection process (Uhrenholt et al., 2022c¢)
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The 12 identified factors are clustered into three dimensions, one containing two sub-
dimensions (Uhrenholt et al., 2022¢). These are:

e Context — External factors to the individual organisation, such as public gov-
ernance structures.
e  Supply chain — Factors related to the supply chain of the individual organi-
sation, such as supply chain actors and collection methods.
e Company — Internal factors to the organisation, such as earning models and
customers. Two sub-dimensions are identified:
o Product — Factors directly linked to the product, such as EoL value
and product design.
o Operations — Factors related to the handling and treatment of col-
lected EoL products.

The 12 factors are presented in Figure 6.2 in which the factors are unfolded concerning
their impact on the financial performance. In addition, a distinction is made between
cost and value, both of which can increase and decrease the system's financial perfor-
mance. Accordingly, based on the findings, we put forward two propositions concern-
ing the financial performance of product take-back and how managers can
acknowledge the relevance of all three economic levels in its design. The propositions
are:

Proposition 1. “From the outside and in: In designing product take-back systems, the
external context and supply chain should be considered inputs for decisions regarding
internal factors to improve the system’s financial performance.” (Uhrenholt et al.,
2022¢).

Proposition 2. “Cost and Value trade-off: In product take-back, high-value capture
is achieved at a higher operational cost, while low-value capture comes with a lower
operational cost. This relation between value and cost suggests a natural optimum for
how much cost to put into capturing value relative to the product's value.” (Uhrenholt
et al., 2022¢).
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Financial performance
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awareness rocess Decreased due 1o customer not wanting used
P : products. L
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5 . Increased by reaching inner resource loops.
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unctiona - P Decreased if data are missing on the usage of
al due to cost of requalifying products, L . X
value ) o N the product, or il wear and tear are high, leading
components or materials
—’7 to lower value resource loops. -
Decreased material cost through reusing . ) )
. . Increased value [rom sclling wasic material.
Material materials. :
AP flod . Decreased value as reused materials can be of
value Increased if virgin materials are cheaper than .
. . worsened qualily.
:I: reusing materials. =
Increased through changes in design over time, [ Inercase for timeless designs, that enable repair —
Product removing the ability lor ellicient operations. and creates a second-hand market.
design Decreased from standardization components Decereased if product design changes rapidly.
- and design-for-disassembly principles. leaving only material value 1o be captured. —
Operations
Increased cost of recovery if manual o .
R . " ‘ Increased if disassembled manually and if
Method disassembly is needed. . B a
ethods . R o value recovering capabilities are internal.
Decreased from using automation and digital .
. il . Dceereased when destructive methods are used.
‘ technologies for locating and sorting products.
Decreased by early sorting of products,
Process standardized procedures and training. Increased by matching demand for products
Increased with high recycling rates from the with recovery options.

cost of technology and varying salary levels. ‘

Figure 6.2 The factors affecting the financial performance, as specified in cost and value, of
product take-back systems (Adapted from (Uhrenholt et al., 2022c))
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6.4. CONTEXTUALISING AND PRIORITISING CIRCULAR
ECONOMY BARRIERS TO OPERATIONALISE THE
TRANSFORMATIONS

This section summarises and discusses the research described in paper 1, focusing on
the methodological approach and its potential. The following research question is
made:

“How can interpretive structural modelling be used as an approach to contextualize
barrier interdependencies toward a circular economy?” (Jensen et al., 2022)

Research background

The multi-faceted nature of the CE agenda, e.g. as seen in the vast amount of barriers
reported in extant literature (Ayati et al., 2022; De Jesus & Mendonga, 2018; Urbinati
et al., 2021), induce a web of contingencies (Kirchherr et al., 2018) to manufactures
facing the circular transformation. Therefore, managers must understand these con-
tingencies and the systematic dynamics among the barriers they face to navigate and
prioritize resources in their engagement in the transformation.

Accordingly, there is a need to investigate the adoption of a systems perspective in
understanding the interdependencies among CE barriers to enable managers to struc-
ture and directing their engagement in the agenda. The following research is the result
of an investigation of utilising ISM for contextualising interdependencies among the
barriers experienced in a large Danish manufacturing organisation. This research
study is also presented in Section 5.2, focusing on the barriers identified in the case
study. However, the focus of this section concerns the methodology as a tool for or-
ganisations to progress in their CE transformation.

Research summary

This research exemplifies how the ISM methodology can be utilised, not only as a
means for understanding the barriers and their interdependencies but as “a means to
an end to secure a knowledge base through which practitioners can obtain a contextu-
alised understanding of the barriers that they encounter” (Jensen et al., 2022). While
the methodological approach of ISM is well-represented in the academic literature for
its properties in investigating the linkages among variables, its practical potential as a
methodology for practitioners to understand interdependencies among variables in
their given context has received little attention.

In doing so, the following research design presents the steps to conduct this study.
While the process depicted in Figure 6.3 represents a research design, the steps in-
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volved present the process practitioners could adopt to address their CE transfor-
mation by contextualising the barriers they face, and hence, enable the organisation to
address the problem chains (Johansen et al., 2006) that evolve from this investigation.

14 interviews: ldentifying | | Categorizing barriers
barriers

h 4
Workshop 1: Assessing | | Obtaining expert opinions
mutual linkages

!
Initial reachability matrix L__" Final reachability matrix
v
Level partitioning
'
Develop ISM model || Check for conceptual
consistency

‘ No

¥
MICMAC analysis |=

Interpretive Structural Modelling

h

Survey: Weighting barriers

]

Workshop 2: Validation and
contcxtualization

Weighting and
contextualization

Figure 6.3 ISM research design (Jensen et al., 2022)

This research finds that the methodology is challenged in agendas of such high com-
plexity as the CE. When checking the barriers for transitivity, i.e. moving from the
initial reachability matrix to the final reachability matrix, this study finds that all bar-
riers affect one another, i.e. all barriers hold the same dependency and driving power,
which makes the methodology incapable of guiding practitioners in its traditional
form. Therefore, the transitivity check should be skipped for this method to provide a
contextual overview of barriers in highly complex agendas. While this may be argued
as a limitation of the methodology, it may also be argued that flexibility allows for the
contextualisation of barriers not only in dealing with high complexity (in which the
transitivity analysis is skipped) but also in dealing with agendas containing barriers
that appear dispersed to the naked eye — for which the transitivity may generate the
links necessary to construct the problem chains.
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Furthermore, the involvement of practitioners in conducting this research is critical in
uncovering the contextualisation of the barriers experienced in the context. Where
previous research adopting the ISM methodology sought to generalise barriers at an
industrial level, the contextual contingencies at the individual organisation and its CE
maturity level are influential to the barriers experienced. Alternatively, organisations
may base activities and form strategies according to generic CE barriers, resulting in
disproportionate root cause identification and misguided mitigation paths. Accord-
ingly, the barriers and their interdependence identified in this research reflected the
immature state of development observed in this industrial case, i.e. the focus on gov-
ernance processes such as defining strategies and coordinating activities. As such, it
is expected that applying this methodology in a more mature organisation would re-
veal a different set of barriers and linkages accordingly.

6.5. REFLECTIONS

During this chapter, three contributions have been presented, each addressing the de-
sign and engagement to the organisational CE transformation from varying perspec-
tives. First, the CE maturity model suggests the dimensions and maturity levels an
organisation should consider in its transformation from a systems perspective. The
ISM methodology may follow this to organise the most present barriers to progressing
in the agenda, connecting the dots between dispersed issues. Lastly, the literature re-
view presents the complexity of the central product take-back strategy, which is found
to be scarcely adopted among Danish manufacturers in the previous phase of the re-
search project. The review presents a list of 12 factors to consider, some of which are
contextual contingencies that a take-back system must be designed according to, re-
sulting in a rather complex system.

The previous phase of the research project (papers 1 and 2) suggests that organisations
are challenged in designing the engagement in the CE agenda and that the emphasis
on hard dimensions overshadows the soft dimensions. At the same time, they did rec-
ognise that awareness and competencies in the agenda are lacking, constraining fac-
tors in further progressing accordingly. The proposed CE maturity model (paper 3)
emphasises the systems perspective in the CE transformation by focusing on ‘hard’
dimensions, such as specific circular processes, and emphasising the need for 'soft’
dimensions, such as governance and people and skills. The maturity model does cur-
rent not contain a proposed approach for conducting the activities concerning the as-
sessment and the proposal of future CE activities for improving the maturity level. To
operationalise this model in industry, the currently low maturity level of the industry
must be considered. First, in introducing the model and the subsequent process an
organisation embarks on when utilising it, emphasis must be put on creating aware-
ness of the CE and its principles. This aims to create a shared understanding among
the participants in what constitutes higher CE maturity, allowing them to imagine their
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context to be changed accordingly. Secondly, the process facilitator should be an ex-
pert within the CE domain to properly facilitate the discussion of contextualising the
CE principles.

Furthermore, the previous research phase found that product take-back systems along
with product-as-a-service business models are yet to be adopted by manufacturers,
which stresses the relevance of the literature review as a means for providing the in-
dustry with this map of factors — guiding them in engaging in product take-back. The
comprehensiveness of the factors identified in the literature review emphasises the
need for adopting a systems perspective in the CE transformation. The single circular
process of product take-back involves a set of internal factors to consider — It also
includes factors in the supply chain and institutional factors that all affect how such a
system should be designed from the perspective of economic performance. The com-
plexity increases further as the design of a product take-back system is to be incorpo-
rated into an organisation with existing capabilities (expectedly based on the linear
economy principles), while it should match other circular processes.

The three contributions presented in this chapter all hold individual potentials for the
organisation, while the combination suggests a more comprehensive and value-driven
approach to the engagement and design of the CE agenda. The maturity model intents
to assess the entirety (or a business unit for larger organisations) of the organisation
and hence develop a strategy for further development accordingly. Subsequently, the
ISM methodology can be utilised in operationalising and contextualising the barriers
at a more granular level, e.g. by scoping the methodology to encompass specific stra-
tegic initiatives such as a product take-back program or adopting a product-as-a-ser-
vice business model. Lastly, the literature review findings do not propose a process
as such; rather, it may be utilised as a checklist in the organisational discussion of the
establishment and performance of a product take-back system. Additionally, the fac-
tors from the review may be utilised as the outset in discussing the barriers to product
take-back according to the ISM methodology. While such use ensures a systems per-
spective in the discussing, according to the extant literature, the drawback is the risk
that respondents will not consider factors that were not identified in the review — there-
fore missing potentially critical factors to the particular context.
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This chapter suggests how organisations can engage in explorative and exploitative
activities concerning the use of IoT technology for the twin transformation agenda.
First, it addresses the explorative activity of investigating the potential value of intro-
ducing IoT to existing operations in pursuing circular principles. From this, an opera-
tional framework is developed. Second, a self-assessment framework is developed,
focusing on exploiting existing IoT technology, with a primary focus on the service
and the interface layer, the IoT architecture, to reveal unexploited potential.

7.1. INTRODUCTION

The relation between the CE and the digital technologies presented in the 14.0 agenda
is well-argued in the extant literature, e.g. (Nobre & Tavares, 2017). However, indus-
trial engagement with digital technologies is challenged in general. For example, et
literature reports that the industry is challenged with contextualising the use of digital
technologies to provide value in the particular context (Moeuf et al., 2018; Veile et
al., 2019), and that they are primarily challenged with sensing and seizing capabilities
if using the dynamic capabilities terminology (Larsen et al., 2021).

Additionally, as we saw in 0 and 6, both large and small manufacturers in Denmark
face barriers in introducing digital technologies in pursuing circular principles, while
they acknowledge that these are available and relevant in this agenda. Furthermore,
manufacturers risk adopting digital technologies from a pragmatic and short-term per-
spective, which imposes a sub-optimisation concern, as they do not consider the long-
term competitiveness potential when introducing the technology (Colli et al., 2021a;
Lassen & Waehrens, 2021).

The following three sections address IoT technology's explorative and exploitative
work in pursuing CE principles. The sections are based on the findings from two re-
search activities, papers 5 and 6, followed by a joint reflection across the two research
activities.
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7.2. CONTEXTUALISING THE DESIGN OF IOT SOLUTIONS.

This section summarises and discusses the research described in paper 5, in which the
following research question is made:

“How can the process of designing an loT solution be addressed in order to tailor it
to context-specific application needs?” (Colli et al., 2021b)

Research background

The IoT technology is presented, both in academic and grey literature, as a catalyst in
the 14.0 agenda, due to its capability to connect physical and digital objects, thereby
generating transparency across operational processes (Haddud et al., 2017). Accord-
ingly, organisations can make enhanced decision-making founded on the increased
information foundation, leading to increased competitiveness (Zhu et al., 2018). How-
ever, organisations are challenged in introducing IoT technology into their existing
operations (Tortorella & Fettermann, 2018; Veile et al., 2019). Furthermore, t is a lack
of research into the process of contextualising the IoT technology according to oper-
ational needs (Martinez, 2019; Moeuf et al., 2018) which, in turn, limits organisation’s
ability to translate the exploration of IoT technology into exploitative business value
(Papachroni et al., 2015).

Additionally, as observed in Chapter 5, Danish manufacturers are facing barriers in
working with IoT in their pursuit of enhancing industrial sustainability through the
CE principles. However, when organisations introduce IoT to their operations, it is
done from a ‘problem-solving’ agenda in which they introduce IoT to isolated parts
of their operations; hence they are not challenging the status-quo of the linear opera-
tions design.

Therefore, this research is initiated to address the gap in extant literature concerning
the lack of organisational guidance for the balanced exploration and exploitation of
IoT technology in existing operations. The research results from a design science re-
search study from which a six-step framework is developed to guide organisations in
contextualising the loT-solution design.

Research summary

This research presents a novel framework for systematically ensuring the contextual
fit and business potential when designing idiosyncratic IoT solutions for existing op-
erations. The framework consists of six phases that guide the manager in balancing
explorative and exploitative characteristics through a learning process focusing on
understanding the existing operations, scoping desired future scenarios, and specify-
ing idiosyncratic [oT solutions accordingly. The first two phases concern the mapping
and analysis of existing operations, followed by two future-oriented phases focusing
on exploring future configurations and identifying the business potential in moving
from the current state to the desired future one. Subsequently, the last two phases
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concern the specification of the idiosyncratic IoT solution according to the definition
of the information flow required to meet the desired future state. The six phases are
elaborated in Table 7.1, including the activity performed, the approach taken to do so,
the data required to perform the activity, and the outcomes.

The framework is developed from a process excellence perspective, according to the
belief that this is beneficial in understanding the implementation possibilities when
generating business value from implementing new technology (Martinez, 2019). Sys-
tematic mapping and analysis represent a central element of the process excellence
perspective to identify improvement potentials, e.g. through explicating value-adding
and non-value-adding time. Such activities enable organisations to identify where cur-
rent operations can be subject to improvements through the adoption of novel tech-
nology while quantifying the improvement potentials — thereby addressing both the
explorative and exploitative activities that are called for in organisational engagement
in the 14.0 agenda (Sahi et al., 2020). The continuous improvement perspective and
the business process reengineering perspective offer two different yet complimentary
approaches within the process excellence domain. While the continuous improvement
perspective concerns minor changes to the existing operations design with long-term
results in scope, the BPR represents a radical approach for redesigning the operations,
achieving results immediately from the ‘new beginning’ (Martinez, 2019). As this
framework emphasises the design of novel, idiosyncratic IoT solutions, the BPR per-
spective suggests a better fit as it enables the re-design of existing operations when
investigating the introduction of novel technology.

Table 7.1 IoT solution design framework (Colli et al., 2021b)

Phase Activity Ap- Data Outcome
proach
Opera- Mapping of the VSM Activities and in- Qualitative and
tions business  pro- formation to sup- | quantitative de-
mapping = cesses port decision-mak- = scription of the
ing processes regu- = targeted business
lating the activities processes
Opera- Identification of VSM Value-adding and @ Selection of the
tions the issues and non-value-adding | key issues and
analysis  criticalities con- activities concern- | criticalities to be
cerning the ing the mapped addressed
mapped pro- processes. Entities = through the ena-
cesses in regards and implications of = bling  transpar-
to the company the non-value-add- = ency

competitive
needs
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7.3. CONTINUOUS IMPROVEMENT OF EXISTING 10T
SOLUTIONS.

This section summarises and discusses the research described in paper 6 in which the
following research question is made:

“How can companies identify continuous improvement potential related to the inte-
gration of loT?” (Nygaard et al., 2020)

Research background

The multi-faceted nature of 14.0 (Colli et al., 2019), combined with the individuality
of organisations, generates a complex web of contingencies when engaging in the
agenda in pursuing business value. Accordingly, generic frameworks fail to support
organisations in providing contextualised guidance on how and what to do in the
agenda (Colli et al., 2018). For manufacturers to be enabled to be self-sustaining in
improving their process excellence, they must be supported in moving from their cur-
rent zone of development to their proximal zone, using appropriate boundary objects
(Harland, 2003). Accordingly, manufacturers will benefit from using boundary ob-
jects that are self-assessments, as these promote constructive dialogue and a common
ground for development in the organisation (Caffyn, 1999).

Therefore, this research is initiated to address the need for operational guidance to
managers in enabling the self-controlled and continuous monitoring and exploitation
of their processes using [oT. The research is a result of a design science research study.

Research summary

This research presents a self-assessment framework for supporting managers in ena-
bling a more situational digital transformation and ensuring the appropriate level of
exploitation of existing IoT technology. The framework consists of five phases guid-
ing the assessment of the current exploitation of IoT technology, focusing on under-
standing the current processes, its information flowing, the technology deployed, and
the unexploited value creation from said technology. The first two steps concern the
scoping of the critical business process and its driving business performance
measures, along with mapping these processes according to the well-known value
stream mapping from the Lean methodology. The subsequent two phases concern the
mapping of the information flow, focusing on the data source, data sink, and data
storage space, followed by a mapping of the technologies that are utilised in pro-
cessing the information flow, whether a physical (e.g. paper) or digital flow (e.g. IT
systems). Finally, the technologies are mapped according to the current utilisation for
processing the information flow and their potential capabilities, as depicted in Figure
7.1.
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Figure 7.1 Example of integration of OT plotted in relation to their digital
capabilities (Nygaard et al., 2020).

The framework is developed with the tactical and operational perspectives in scope,
emphasising the need for practitioners to be tangible through a short time from anal-
ysis to realised performance improvements while maintaining independence from ex-
ternal experts (Mittal et al., 2018). Accordingly, the framework comprises existing
and well-known tools to increase the user’s immediate familiarity with the framework
and potentially build on top of existing mapping capabilities within the organisation,
according to the cumulative capabilities’ perspective. The novelty of this framework
comes from the explicit focus on the information flow in the value stream mapping,
as elaborated by (Meudt et al., 2017), followed by the digital maturity model (Colli
et al., 2019) as a reference point for the assessment of currently deployed technology
and its improvement potential accordingly. As a result, the framework translates the
use of the well-known value stream mapping into a digital transformation-related tool,
thereby facilitating the identification of sub-optimal use of existing technologies ac-
cording to the digital agenda.

7.4. REFLECTIONS

In this chapter, two contributions have been presented, focusing on organisational en-
gagement with IoT technology in existing operations, but from varying perspectives.
The first framework, comprised of a six-step process, propose how organisations can
explore the value and potential of implementing IoT technology to existing opera-
tions, hence focusing on understanding the existing operations design, scoping new
and optimised design of said operations, and matching these desires to the technolog-
ical capabilities available in the market. This is followed by a five-step process frame-
work proposing how organisations can independently assess their current exploitation
of existing IoT solutions relative to the capabilities of said technologies. The frame-
work intends to create awareness around and optimise existing technological capabil-
ities, enabling organisations to generate unrealised value from existing technological
capabilities. Both frameworks adopt the process excellence perspective and build on
tools and frameworks from the well-established lean toolbox that is highly adopted
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and adapted in the industry, along with more recent frameworks that have emerged
from the 14.0 agenda.

The first phase of the research project (papers 1 and 2) suggests that organisations are
challenged in their exploration and exploitation of IoT to enhance their engagement
and create business value in the CE agenda. Furthermore, ‘soft’ barriers, such as the
lack of inspiration, knowledge, and coordination, are found to be preceding the ‘hard’
barriers, such as lack of circular design and poor profitability. This implies that or-
ganisations are asking ‘how’ questions (e.g. “how do we approach the agenda’) before
asking the more operational ‘what’ questions (e.g. “what should our product design
look like”), which turns the attention toward the process of engaging with the tech-
nology and exploring its value, rather than emphasising the specific design of entities
within the operations design. Furthermore, the insights from paper 2 call for simple,
i.e. low cost and easy to adopt, frameworks for guiding and systematising the process
of exploring the technology in their existing operations, i.e. in the brownfield context,
as is also called for in recent literature (Leitz et al., 2018; Veile et al., 2019).

Subsequently, phase 2 of the research project (papers 1, 3, 4) suggests the following.
First, it supports the need for and clarifies the role of digital technologies in the CE
agenda as a central toolbox in generating and capturing value, e.g. through "automat-
ing supply chain information flow for optimising the physical flow of materials and
products” (Uhrenholt et al., 2022b). Second, it discusses the importance of organisa-
tional ambidexterity, i.e. the balanced and simultaneous engagement with exploration
and exploitation activities. The CE maturity model (paper 3) explicitly emphasises the
exploration of CE principles across the six organisational dimensions. The IoT frame-
work (paper 5) proposes a process for conducting these exploration activities in
sprints, if you will, within the domain of IoT. At the same time, the self-assessment
framework (paper 6) proposes a process to be utilised throughout the maturity stages
to evaluate the existing technological capabilities relative to their potential capability
level in the pursuit of generating value from the unexploited potential of existing as-
sets. Additionally, the use of well-known tools from the lean toolbox in the frame-
works from this research phase will, in all probability, provide a fundamental under-
standing of existing processes to be utilised in changing the operational design ac-
cording to the circular principles that are not limited to IoT based solutions, as is also
argued in recent literature (Adler et al., 2009; Tortorella & Fettermann, 2018). Lastly,
if pursuing product take-back, the process in the IoT framework (paper 5) may be
utilised to uncover certain costs and value propositions within the take-back system,
according to the factors identified in paper 4.

After the publication of paper 5, the framework was utilised, in collaboration with a
Danish RTO, in two additional industrial cases, both being Danish manufacturing
SMEs such as those represented in paper 2. As proposed in paper 2 the manufacturers
should perceive the introduction of IoT according to the CE context to elevate the
technology from its operational perspective. Therefore, in phase 3 of the framework,
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the SMEs were explicitly considering both short-term and long-term future scenarios,
during which we engaged freely in the discussion concerning the links between IoT
and CE. This resulted in the following list, Table 7.2, of desired improvement goals
that consist of both short-term and long-term goals.

Table 7.2 List of desired improvement goals at a case company

Desired improvement goals

Reduce the amount of time used for troubleshooting when at customers

Reduce the number of cases where parts are ordered while being at the customer
Increase our ability to resolve concerns (i.e. first-time visiting customers)
Increase the number of cases where we proactively replace spare parts

Increase up-time / reduce down-time

Maintenance and investment forecasting (EoL)

Straight information flow from the customer to the technician

Strengthen challenges with warranty claims (usage history anchored in date)

This explicit emphasis on both short and long-term improvement goals meant that the
design of the actual IoT solution could consider the present use case and future use-
cases, e.g. by generating expected relevant data for enabling these. As such, the sub-
sequent evaluation of the solution was affected by the definition of long-term im-
provement goals, as the short-term business case received reduced attention while the
long-term and more strategic potentials gained a say in the decision.

If considering the complementary value of the two frameworks (papers 5 and 6), the
self-assessment framework (paper 6) holds potential if used in the continuation of the
IoT framework (paper 5). The logic behind Figure 7.1 — that technology holds a capa-
bility level spanning across different digital maturity levels — may be linked to the
improvement goals such as those in Table 7.2, enabling the discussion of the capabil-
ity levels of IoT technology concerning the desired goals. Accordingly, organisations
that engage in these activities can combine the two frameworks in exploring the po-
tentials of IoT in existing operations, evaluating the scoped IoT solutions according
to the capability potentials, and continuously self-assessing the realised capability
level of present technology to its capability potential and the scoped improvement
goals.
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This dissertation aims at providing the reader with an understanding of the structural
elements of the twin transformation, along with insights into how these can be utilised
in driving the transformation in organisations to foster sustained competitive ad-
vantages in the changing industrial context. Additionally, the dissertation aims to pro-
vide the reader with operational frameworks and guidelines for supporting their en-
gagement with the twin transformation. This research project was motivated by aca-
demic curiosity and the need to provide insights for the reflective practitioner.

The novelty and contribution of the dissertation and its appended papers to the body
of knowledge in the operations management domain concern its ambition to create
knowledge while solving practical problems (Boer et al., 2015) while acknowledging
the importance of contextualisation that is extensively discussed within this research
community (Sousa & Voss, 2008). The dissertation contains a catalogue of contribu-
tions related to the early-stage engagement of the transformation, emphasising the in-
itiation of the transformation and aligning the two constituent constructs of the twin
transformation.

Contribution

According to the systems perspective, it
supports the definition of contextual trans-
formation strategies through a deeper and
more nuanced understanding of the struc-
tural elements in the twin transformation
and their interdependencies. Developing
frameworks in papers 3, 5, and 6.

Contextualising the interdependencies of
barriers for CE transformation.

Exploring the synergetic role of IoT and
CE in the twin transformation.
Explicating organisational dimensions and
maturity levels of CE transformation.

Explicating and structuring the factors in-

fluencing the financial feasibility of prod-
uct take-back systems.
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Calls for research

The lack of frameworks to guide the
digital (Biiyiikozkan & Goger,
2018) and circular (Nobre &
Tavares, 2021) transformation.

The lack of knowledge concerning
how to address technical and proces-
sual barriers, e.g. how to design pro-
cesses according to CE principles us-
ing digital technologies (Abdul-Ha-
mid et al., 2020).

The lack of knowledge concerning
the financial feasibility of CE initia-
tives, e.g. product take-back (Abdul-
Hamid et al., 2020; Sepulveda-Rojas
& Benitez-Fuentes, 2016).
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Furthermore, the research project aims at relieving the practitioners of the challenges
they experience in this agenda. For example, while the European Commission is pro-
moting the twin transformation as a strategic lever in their growth strategy (European
Commission, 2022), organisations are challenged in building sustained performance
improvements from their engagement in the digital transformation (de la Bouteti¢re
et al., 2018). From the CE perspective, Danish manufacturers are found to be at an
immature level of engagement in which they have only adopted simple and isolated
circular processes, while they are yet to engage in more mature processes that require
greater systemic changes to their operational design (ATV, 2022). To enable and
nudge manufacturers in their twin transformation engagement, we, as researchers,
have an obligation to develop frameworks that meet the managers where they are
(Kierkegaard, 1948) in transformational maturity. At such early stages of the trans-
formation, the creation of rhetoric relevance is paramount in creating awareness of the
agenda and providing the manager with a language enabling them to spread the aware-
ness of the agenda internally and externally. In the IFN project, we heard this multiple
times as a benefit for managers in engaging with academia, as they would acquire a
“digital imagination” from the awareness creation that would allow them to “learn to
talk industry 4.0” in their organisation. Furthermore, conceptual and instrumental rel-
evance is central in providing schemes and concepts enabling explorative activities.
For example, the systemic emphasis unfolded in paper 3 is required for manufacturers
to expand their perception of the agenda to be more than a series of technologies uti-
lised in pursuing the CE principles. Instead, there is a need to address the softer di-
mensions (De Jesus & Mendonga, 2018) of the transformation, e.g. the governance of
how to organise resources in the exploration and exploitation of the agenda, in chal-
lenging the cultural lock-in from the linear economy.

The choice of adopting mixed method principles is deduced from the research study’s
motivation and the academic and industrial calls for research. The methodological
choices each have implications for the overarching research project, as each method-
ology brings its strengths while imposing its weaknesses. Considering the robustness
of the research activities, it is worthwhile to consider that this dissertation comprises
a mixture of empirically based and conceptual research activities. All empirical cases
are Danish manufacturers that, while varying in size, are all operating in the business-
to-business market through a product-oriented business model, in which they are sell-
ing medium and high-value mechanical or mechatronic products. While this improves
the robustness and generalisability for this specific type of manufacturer, it is limited
to this type. For the conceptual research activities, the robustness is limited by its lack
of empirical foundation or testing. On the other hand, the conceptual nature allows for
more creativity and freedom for the researcher, as the findings of potential empirical
cases have not limited us. Considering the empirical cases utilised throughout this
dissertation, we can speculate that the development of frameworks (e.g. papers 3 and
6) would look different if they were developed based on the engagement and findings
from these, e.g. due to their immaturity in the twin transformation agenda, and their
limited representation of the broader industrial landscape.
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CHAPTER 9. CONCLUSION

In this research project, I have had the opportunity to investigate, both empirically and
through desk research, the engagement of Danish manufacturers in the twin transfor-
mation agenda (Phase 1), the structural elements of the CE and propose guiding frame-
works accordingly (Phase 2), and how managers can explore and exploit IoT in the
pursuit of CE principles (Phase 3). The research activities I have engaged in, with
close colleagues, over the course of three years have provided us with great insights
into these topics, to which we have contributed to the body of knowledge through the
papers appended to this dissertation. Accordingly, with the appended papers, the ob-
jectives defined for this research project are achieved, as elaborated hereafter.

Objective 1: An understanding of the structural elements of the twin transformation
and how they can be utilised to drive the transformation to build a competitive ad-
vantage in the changing industrial context.

Objective 2: Frameworks and guidelines for supporting the successful engagement
with the twin transformation.

All the appended papers in this dissertation tap into objective 1 as they directly pro-
vide insights into the twin transformation's structural elements, the structural elements
of the CE, or the IoT agendas. Paper 1 and 2, from the first research phase, provide
empirical insights into how manufacturers engage in the twin transformation, includ-
ing the synergetic relation between the two constituting constructs, which in this study
are operationalised as IoT capabilities and CE principles. Additionally, they provide
insights into how a Danish manufacturer experiences the dependencies among the
barriers to circular transformation. Research phase two provides a systemic perspec-
tive on the structural elements of the transformation, focusing on the CE agenda
through the development of a maturity reference model, a comprehensive overview
of the factors influencing the financial performance of product take-back, and meth-
odological reflections of the process for contextualising the barriers for transforming.
Lastly, research phase three deep dives into the processual perspective of exploring
and exploiting IoT in pursuing circular principles.

All appended papers address objective 2; however, they vary in how explicitly they
do so. Research phase 2 and 3 are very explicit in this, as the appended paper 1, 3, 5,
and 6 all propose frameworks for supporting managers in engaging (i.e. designing,
exploring and exploiting) into the twin transformation, either at the organisational
level or at more narrow process-oriented levels. At more implicit levels, appended
papers 1, 2, and 4 from research phases 1 and 2 provide insights that guide the manager
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conceptually or rhetorically in their engagement with the agenda. These papers pro-
vide propositions for the relation between IoT and CE, dependencies between barriers
for the CE transformation, and factors for incorporating in designing financially viable
product take-back systems.

Accordingly, change is needed at all three economic levels for manufacturers to be-
come truly immersed in the twin transformation agenda, as presented in Figure 1.2.
To foster the systemic change required, the agenda's strategic presence must increase
at institutional levels (macro economy level) to nudge and enable manufacturers to
adopt its principles. At the meso economy level, the inadequate infrastructure con-
straints manufacturers in effectively and efficiently operating circular processes that
require the physical and digital moving of products, materials, and information.
Lastly, and most relevant to this research study, is the microeconomic level at which
substantial change is required to facilitate the systematic industrial transformation.
Manufacturers are stuck in a linear lock-in affecting their decision-making process,
operations design, and perception of business value propositions accordingly. The or-
ganisational governance is currently not supportive of explorative activities that move
beyond a certain threshold, i.e. they stick to small incremental improvements. Accord-
ingly, there is a need to translate incremental improvement into genuine innovation.
The closed improvement process is not likely to bring systematic innovation unless
this is taken into account during the scoping and the process of these initiatives, where
opportunity scouting, multidisciplinary stakeholder involvement, experimental be-
haviour etc., becomes a natural element in development initiatives. As such, manu-
facturers must encourage explorative activities according to the novel agendas while
investing in new competencies internally or externally to mitigate the introduction of
novel and diverse mindsets. For this, there is a need to encourage the systems perspec-
tive to move beyond the low-hanging fruits of simple and isolated improvement initi-
atives. To facilitate such change, the perception of business value and the evaluation
of such, e.g. in business cases, are required to let go of the traditional 2-year business
case format, as the need for establishing enabling infrastructure may not be profitable
when perceived in an isolated manner. Instead, investments should be evaluated ac-
cording to long-term strategic ambitions (Colli et al., 2021a; Lassen & Waehrens,
2021).

9.1. LIMITATIONS AND FUTURE RESEARCH

This dissertation presents the research activities conducted during the past three years.
These activities, along with the appended papers, are subject to limitations that guide
the formulation of proposals for future research.

In relation to assessing the external validity, which refers to the applicability of con-
clusions in contextual settings (Karlsson, 2010), the conducted research activities are
subject to limitations, specifically from the perspective of ecological validity, a subset
of the external validity. As discussed in Chapter 8, all empirical cases utilised through-
out this research project are similar. Therefore, it is questionable whether the findings
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of this research are generalisable across empirical cases that are contextually different.
Accordingly, replicating the studies in contextually different cases is needed to
strengthen the external validity. Until then, and even after, we must be aware of the
contextual settings in which the evidence exists and how these influence the research
findings.

This research project concerns a transformation agenda in its very early stages, mean-
ing the domain’s paradigms are yet to be fully established (Pagoropoulos et al., 2017).
As such, the empirical cases utilised throughout the project consist of manufacturers
interested and engaged in the agenda, while they are all at a relatively low maturity
level — as is the general level of maturity across the industry (ATV, 2022). Accord-
ingly, the propositions made concerning the synergetic relation between IoT and CE
over time (paper 2), along with the mid-high maturity levels in the proposed maturity
model (paper 3), contain a great deal of uncertainty as they are made according to the
believes of the managers in the empirical cases (paper 2) along with the insights from
the existing knowledge base for defining the maturity levels (paper 3). Accordingly,
future research should adopt a longitudinal methodology, e.g., investigating the rela-
tionship between the [oT and the CE principles in uncovering the synergies that enable
managers to progress further in the agenda.

Lastly, the contributions of this research project that originated from desk research
(papers 3, 4, and 6) are subject to limitations from their lacking testing in empirical
cases. Empirical tests of these contributions would allow us to gain insights into, e.g.
the criticality of the individual factors affecting the financial performance of the prod-
uct take-back system for the contexts in which the findings are tested. Furthermore,
the contextual dependencies between factors can be tested using similar methodolo-
gies as we deployed in paper 1. Finally, empirical testing of the frameworks (papers
3 and 6) is needed to argue for their actual instrumental relevance, i.e. to answer
whether they are acting as scaffolding in guiding organisations in designing their
transformation. As such, the call for further research is to test the robustness of the
conceptual foundation of these studies.
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