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Abstract 
Supply Chain 4.0 represents a technological transformation in the way that supply 
chains work, extending the application of Industry 4.0 technologies from manufac-
turing and other advanced technologies into upstream and downstream processes. 
Despite the increasing global interest in this domain, the successful transition to 
Supply Chain 4.0 remains limited in practice, with existing literature highlighting its 
fragmented and under-conceptualized status. 

Adopting a strategic management approach to supply chains, this thesis amal-
gamates dynamic capabilities theory with the business-technology alignment con-
cept, drawing from the domains of Information Technology Management and 
Information Systems, complemented by the integration of the multi-level perspective 
derived from transition literature, to underpin the thesis framework. This framework 
is then enriched by identifying the trio of benefits, challenges, and critical factors 
associated with the transition to Supply Chain 4.0, thereby contributing to advancing 
the knowledge frontiers within the domain of Supply Chain 4.0. 

This multi-method thesis uncovers the trio at two distinct levels: the technology 
level and the general Supply Chain 4.0 level. Twelve technologies closely associated 
with Supply Chain 4.0 are identified at the technology level, and the trio is analyzed 
in relation to each of these technologies. At the general level, the trio is examined in 
relation to Supply Chain 4.0 as a holistic concept. Insights derived from both these 
levels significantly enrich the thesis framework, offering valuable implications for the 
transition to Supply Chain 4.0. 

At the technology level, the findings of this thesis unveil the trio of benefits, chal-
lenges, and critical factors in relation to the following twelve technologies: Internet of 
Things; artificial intelligence; cloud computing; blockchain; big data technologies; 
augmented reality; automation; robotics; additive manufacturing; simulation; Inter-
net of People, and semantic technologies. At the general level, the trio of benefits, 
challenges and critical factors is identified as follows: benefits include supply chain 
transparency, enhanced decision-making, supply chain integration, and supply chain 
process optimization. Challenges encompass high costs, the scarcity of requisite 
skillsets, security and privacy concerns, infrastructure development complexities, 
intricacies of coordination in Supply Chain 4.0, and inherent complexities within the 
technologies themselves. Identification of critical factors at the general level is rooted 
in business-technology alignment, further divided into three alignment aspects: 
critical factors for Regime-to-Niche alignment, critical factors for Niche-to-Regime 
alignment, and critical factors for both Regime and Niche alignment. Critical factors 
related to Regime-to-Niche alignment involve supply chain process reengineering, 
data management, and management commitment. Critical factors concerning Niche-
to-Regime alignment include an understanding of the Regime’s context by tech-
nological solution provider, customization of technological design and solutions, and 
technological maintenance. Critical factors pertinent to both Regime and Niche 
alignment encompass providing requisite skillsets and knowledge, financial planning 



 

 

 
 

 
 

 

  

and investment strategy, data privacy and security considerations, technological 
infrastructure development and interoperability, and supply chain collaboration. 
This thesis reveals that the Niche-Regime partnership is characterized by techno-
logical complementarity, symbiotic alignment, and finite establishments subject to 
change with the ever-evolving technological landscape. Ultimately, the trio is further 
expounded in relation to Turkey, where empirical investigations focus on Regime’s 
supply chains. 

Keywords: Supply Chain 4.0, technology, benefits, challenges, critical factors, dyna-
mic capabilities, business-technology alignment, multi-level perspective, Turkey 



 

 

 

 
 

 
 

 

 

 

 

 

 
 

 
 
 
 
 
 
 
 

Sammanfattning (Summary in Swedish) 
Titel: Övergång till Supply Chain 4.0: Integration av ett teknologiskt perspektiv – Insik-
ter från Turkiet 

Supply Chain 4.0 representerar en teknologisk transformation av försörjningskedjor, 
som integrerar Industry 4.0-teknologier, i såväl uppströms- som nedströmsprocesser. 
Trots ökat globalt intresse är den framgångsrika övergången till Supply Chain 4.0 
relativt avgränsad. 

Genom att tillämpa ett strategiskt ledarskapsperspektiv på leverantörskedjor så 
kombinerar denna avhandling dynamisk kapacitetsteori med konceptet för affärs-
tekniksanpassning och informationssystem. Avhandlingen försöker identifiera för-
delar, utmaningar och kritiska faktorer associerade med övergången till Supply Chain 
4.0, vilket ska bidra till att utveckla kunskapsfronten inom området. 

Avhandlingen använder en flermetodsansats för att undersöka en trio av fördelar, 
utmaningar och kritiska faktorer på två nivåer: teknologinivå och allmän Supply 
Chain 4.0-nivå. Tolv teknologier relaterade till Supply Chain 4.0 identifieras och ana-
lyseras. 

På teknologinivå belyses fördelar, utmaningar och kritiska faktorer för följande 
tolv teknologier: Internet of Things, artificiell intelligens, molntjänster, blockchain, 
big data, augmented reality, automation, robotik, additiv tillverkning, simulering, 
Internet of People och semantiska teknologier.  

På allmän nivå inkluderar fördelarna transparens i försörjningskedjan, förbättrat 
beslutsfattande, integration och sist men inte minst optimering av processer i för-
sörjningskedjan. Bland utmaningar omfattas höga kostnader, brist på nödvändiga 
färdigheter, säkerhets- och integritetsfrågor, infrastrukturutveckling, teknologi- och 
koordinationskomplexitet. 

Vidare i avhandlingen indelas kritiska faktorer på allmän nivå i tre aspekter: 
Regim-till-nisch-anpassning, nisch-till-regim-anpassning och anpassning för både 
regim och nisch. Avhandlingen visar närmare att nisch-regim-partnerskap präglas av 
teknologisk kompletterande och symbiotisk anpassning, med ett ständigt utveck-
lande teknologiskt landskap. Slutligen utvidgas trion till ny kontext nämligen Turkiet, 
där empiriska undersökningar fokuserar på försörjningskedjor. 

Nyckelord: Supply Chain 4.0, teknologi, fördelar, utmaningar, kritiska faktorer, 
dynamisk kapacitet, affärstekniksanpassning, flernivåperspektiv, Turkiet 
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1. Introduction 

This section introduces the core elements of the thesis, foreshadowing the elaborations 
presented in subsequent sections. It begins by outlining the background, followed by 
elucidating the applied perspective and the research problem, laying the groundwork 
for proposing the research questions and purpose that guide this study. The section then 
delves into the thesis’ empirical context and concludes by demarcating the scope and 
outlining the overall disposition. 

1.1 Background 
In 2008, Jonsson stated that customers not only want well-functioning and good-
looking products but also want them at the precise time and place demanded, at a 
reasonable price. To achieve this, many processes are usually involved, such as mate-
rial or component supply, transportation, warehousing, and production, together 
with a great deal of information flow (Jonsson, 2008). This implies the demanding 
nature of customers, which has logically escalated over time with the growth of 
market competition (Kamalirezaei et al., 2020; Azeem and Kotey, 2023). To meet the 
customers’ expectations, businesses need to deal with make or buy decisions –  
procuring products and services through hierarchical structures or market-based 
mechanisms (Williamson, 1975; Ketchen and Giunipero, 2004). Firms usually do not 
work alone to meet customers’ demands (Oghazi, 2009), making the “buy” decision 
inevitable. This gives rise to the development of supply chains – a network of actors 
developing raw materials into distributed products, extending from raw material 
suppliers to end-users (Handfield and Nichols, 2002; Ketchen and Giunipero, 2004). 
This network also encompasses post-sale phases, such as return and reverse logistics 
(Rogers et al., 2002; Jonsson, 2008). Various actors, such as manufacturers, retailers, 
and distributors, are within different supply chain networks (Akkermans et al., 2003). 
Some processes within this network are contained within a single actor’s territory. In 
contrast, others traverse beyond one actor’s territory, potentially spanning across the 
globe, depending on the supply chain context (Ketchen and Hult, 2007). 

In today’s world, we live in a digital era driven by digitalization, where various 
digital technologies have reshaped many aspects of life (Brennen and Kreiss, 2016). 
Digital technologies (hereafter “technologies”) are defined as all electrical devices 
which make use of information represented in digital form – such as binary code – to 
perform useful functions (Hajkowicz and Dawson, 2018, p.4). 

With the evolving landscape of technologies, features of the digital era are also 
changing. Now, technologies can store, process, and spread information more than 
ever and they bring distant locations closer (Muduli, 2014; Kushwaha, 2021). Modern 
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and advanced technologies are used ubiquitously. For example, artificial intelligence 
helps to diagnose diseases, save, and extend lives in the health sector; blockchain is 
used in public services for higher accessibility and accountability; big data analytics 
guide more accurate policymaking (United Nations, n.d.). 

The implication of the modern digital era extends to the business world. This 
implication manifested in the Fourth Industrial Revolution (Industry 4.0), a term 
coined for the first time at the Hannover Fair in 2011 (Ghobakhloo, 2018; Kara-
begovic, Karabegovic, et al., 2020). In this regard, Tjahjono et al. (2017, p. 1176) say 
that Industry 4.0 is defined by many as a global transformation of the manufacturing 
industry by the introduction of digitalization and the Internet, these transformations 
consider revolutionary improvements in the design and manufacturing processes. 

Industry 4.0 follows three industrial revolutions that occurred in the past (Kara-
begovic, Karabegovic et al., 2020). The first industrial revolution (i.e., Industry 1.0), 
beginning in the 18th century, denotes mechanization and steam power, both of which 
boosted production; the second industrial revolution (Industry 2.0), starting in the 
19th century, began with the advent of electricity and its subsequent effects, Engen-
dering the modern world; the third industrial revolution (Industry 3.0), in the 20th 
century, occurred with the arrival of the internet, computers, and early technologies 
through which most industries have experienced significant changes and reforma-
tions (Schwab and Davis, 2018; Karabegovic, Karabegovic, et al., 2020; Christopher, 
2021). 

Industry 4.0 enables smart factories – that is, a system of intelligent and networked 
machines with smart sensors (Rashid and Tjahjono, 2016, p. 837). Such a network 
establishment occurs with various specific goals often pre-formulated (Tang et al., 
2016; Shao et al., 2021). Industry 4.0 presents the business environment, enabling 
people and machines to become interconnected and integrated through advanced 
technologies (Oberg and Graham, 2016, as cited in Fatorachian and Kazemi, 2021). 
Wang et al. (2016) discuss that in a manufacturing environment under Industry 4.0, 
four layers of activities occur (as cited in Shao et al., 2021). The first layer involves 
machines (and their inter-communications), the shop floor, and all the tangible 
activities; the second layer refers to the transmission of data captured from the phy-
sical layer (through utilizing technologies like embedded sensors) to the cloud; the 
third layer is about generating intelligence via analyses on captured data (through 
analytical tools and software); and the fourth layer revolves around human super-
vision and control. From the use of Industry 4.0 in factories, automation associated 
with fewer human interventions occurs (Wuest et al., 2016); data-driven simulations 
and strategies are shaping up, together with all-round activities’ optimization and 
monitoring (Tao et al., 2018); and improved process efficiency as well as enhanced 
product performance arise (Shao et al., 2021). 

Furthermore, the literature has highlighted that the scope of Industry 4.0 techno-
logies can extend beyond the confines of manufacturing, permeating throughout the 
supply chain, encompassing upstream and downstream processes (Tjahjono et al., 
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1. INTRODUCTION 

2017; Fatorachian and Kazemi, 2021). This focal point has given rise to the concept 
of Supply Chain 4.0, denoting the application of advanced technologies within the 
supply chain context (Frederico et al., 2019; Asadollahi-Yazdi et al., 2020). 

Technologies are enablers of Supply Chain 4.0 (Frederico, 2018; Makris et al., 
2019; Frederico et al., 2019; Fatorachian and Kazemi, 2021). This implies that Supply 
Chain 4.0 engenders a technological transition within conventional supply chains. In 
this regard, Geels (2002, p. 1257) defines technological transition as major techno-
logical transformations in the way societal functions such as transportation, commu-
nication, housing, feeding, are fulfilled. […] An example is the transition in offices from 
punched card technology and small office technology to digital computers, 1930–1960 
(Van den Ende and Kemp, 1999). In this thesis, Supply Chain 4.0 embodies this 
technological transition, representing a shift in conventional supply chains under-
pinned by the technologies of Supply Chain 4.0. Thus, within the context of this 
thesis, the transition to Supply Chain 4.0 is defined as a technological transformation 
in the way supply chains work, characterized by the adoption of advanced techno-
logies such as the Internet of Things and artificial intelligence. In addition to 
technological acquisition, this transition includes reorganizing conventional supply 
chains (Barata, 2021; Frederico, 2021; Ali and Aboelmaged, 2022; Mahmoudi et al., 
2022). To fully harness the potential unleashed by the transition to Supply Chain 4.0, 
conventional supply chains must undergo a comprehensive realignment of their 
existing ways of working and capabilities. 

1.2 Applied perspective and problem discussion  
Supply Chain 4.0 is gaining widespread recognition. A 2016 report by Pricewater-
houseCoopers (PwC) revealed that one-third of more than 2000 respondents stated 
that their companies had already initiated the transition to Supply Chain 4.0 (Schrauf 
and Berttram, 2016), underscoring the growing popularity of this trend. The lite-
rature also highlights the potential significance of Industry 4.0 in the supply chain 
context, both during and after the COVID-19 pandemic (Frederico et al., 2023; 
Spieske et al., 2023). Large firms such as Rolls-Royce, Rio Tinto, AB InBev, Walmart, 
Gazprom, Volkswagen, and Bosch have been collaborating with their supply chain 
partners to harness disruptive technologies that underpin Supply Chain 4.0 
(Frederico, 2018; Khatri, 2019). For example, Volkswagen, a German automotive 
manufacturer, utilizes HP’s “Metal Jet” technology for advanced 3D printing of parts 
(Frederico, 2018). Bosch leverages the Internet of Things and cloud technologies to 
enhance vehicle capabilities (Rajagopal et al., 2018), while Danish company Maersk 
utilizes IoT and blockchain to improve transparency, efficiency, and safety in sea 
freight operations, as well as to replace hardcopies (Li, 2018). Furthermore, Industry 
4.0 technologies have paved the way for startups to focus on innovative developments 
in the supply chain. For instance, ShipChain utilizes blockchain to enable smart 
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contracts within logistics operations (Choi et al., 2019), and Kiwi employs artificial 
intelligence to provide seamless solutions for food delivery (Younis et al., 2022). 

However, despite the growing trend, a report by the World Economic Forum 
indicates that 70% of companies that ventured into Industry 4.0 technologies struggled 
to make significant progress in adopting and using them (Chmiko and Hutchison, 
2023). This complexity is further amplified in the context of Supply Chain 4.0, which 
involves upstream and/or downstream actors extending beyond individual firms, 
operating within the intricate interplay of physical and digital spaces in the digital era 
amidst the intense and multi-directional information environment (Ferrantino and 
Koten, 2019; Preindl et al., 2020; Antai and Mutshinda, 2021; Veile et al., 2022). 

Struggles for a successful transition to Supply Chain 4.0 can be exacerbated in 
developing economies due to their often more limited access to suitable infrastruc-
ture, workforce, and mechanisms, leading to heightened reliance on the technology 
sectors of developed economies to facilitate their technological transitions because of 
the stronger advancement and growth of technology industries therein (Ein-Dor et 
al., 1997; Dzyubenko, 2021; Marinas et al., 2021; Monasterio Astobiza et al., 2022). 

The reliance of technology adopters on technology industries, along with the 
underlying natural evolution of the broader technological landscape, highlights the 
multi-level characteristic of technological transition. In this regard, Geels’ (2002) 
multi-level perspective (MLP) emphasizes these multiple levels and their linkages. 
The MLP outlines three connected levels for technological transition: Regimes, 
Niches, and Landscape (for more details on MLP, please refer to section 1.4). Con-
sistent with the aforementioned statements, technology-adopting firms in both 
developed and developing economies are Regime actors that rely on technology 
industries (i.e., Niche actors), often in developed economies, for transition to Supply 
Chain 4.0. Niche actors develop and provide technological solutions1 utilizing 
advancements in the broader technological landscape. 

Furthermore, variations in how Regime firms acquire technologies in the broader 
technological landscape from Niche actors, and how subsequently they align with 
them, engender differences in the success of firms during such technological tran-
sitions. Marinas et al. (2021) highlight such disparities among firms, which can be 
attributed to their abilities to harness these technologies effectively and can be linked 
to what is referred to as “dynamic capabilities”. According to Teece et al. (1997), 
dynamic capability refers to the firm’s ability to integrate, build, and reconfigure 
internal and external competences to address rapidly changing environments (p. 516). 
Teece’s dynamic capabilities theory (2019) provides a framework elucidating how 
firms can comprehend technological advancements across an ever-evolving tech-
nological landscape, assimilate them, and align with them to maximize their utility. 
Dynamic capability emerges as a counterpoint to the static nature of the resource-
based view (RBV), which largely overlooks the significance of assimilating resources 

— 
1 In this thesis, “technological solution” signifies tailoring technologies to address a specific context. 

22 



 

 
 
 
 
 

 

 

 
 

  

 
 

 
 

 

1. INTRODUCTION 

beyond the firm’s confines (Teece, 2007, 2019). Dynamic capabilities enable firms to 
ensure that they effectively utilize the emerging opportunities in the broader land-
scape. While prior research has explored the impact of Supply Chain 4.0 on enhan-
cing dynamic capabilities (Eslami et al., 2021; de Oliveira-Dias et al., 2023), the role 
of dynamic capabilities itself in facilitating the transition to Supply Chain 4.0 can also 
be an important consideration, yet underexplored. Additionally, the theoretical 
concept of “business-IT alignment” (hereafter referred to as business-technology 
alignment) implies that the process of alignment includes pertinent efforts not only 
from the adopting actor but also the technology solution provider (Luftman, 2004; 
Duffy, 2002, as cited in De Haes and Van Grembergen, 2009). This is consistent with 
Antony et al.’s (2023) emphasis on matching such a technological solution with the 
strategy of the adopting organization. 

From the literature perspective, the domain of Supply Chain 4.0 remains under-
developed, insufficiently researched in academia, and limited in conceptualization 
(Büyüközkan and Göçer, 2018; Frederico et al., 2019). This can be attributed, in part, 
to the novelty of the concept. The term “Industry 4.0” was only coined in 2011, and 
according to McKinsey & Company, Google searches for “Industry 4.0” were 
“practically nonexistent” before 2014 (“What are Industry 4.0,” 2022). Supply Chain 
4.0 emerged as an academic discourse even later. Luthra and Mangla (2018, p. 168 & 
169) assert that the majority of studies on Industry 4.0 considered the manufacturing 
sector context and ignored the supply chain system. 

Additionally, by examining the historical timeline and the gradual maturation of 
previous revolutions, notably Industry 3.0, one can argue that Industry 4.0 and its 
subsequent Supply Chain 4.0 are still nascent, with a long journey ahead. The advent 
of early digital technologies and the internet in the 1950s and 1960s laid the founda-
tion for the third industrial revolution (Schwab and Davis, 2018; Karabegovic, 
Karabegovic et al., 2020). However, the World Wide Web (WWW) took over two 
decades to become fully operational. It is worth noting that certain forms of digital 
information transmission, a central feature of the third revolution (Schwab and 
Davis, 2018), required greater infrastructure and technological advancements beyond 
the status of WWW in the early 1990s. 

From the underdeveloped domain of Supply Chain 4.0 in both practice and 
academia, there are signs in some of the literature that suggest a transition to Supply 
Chain 5.0 (Frederico, 2021; Villar et al., 2023). Supply chain 5.0 emphasizes achieving 
a balanced human-technological environment, with a focus on worker safety, social 
responsibility, sustainability, regulatory compliance, and ethical considerations, 
driven by Supply Chain 4.0 technologies, such as the Internet of Things and artificial 
intelligence, as well as newer technologies like 4D and 5D printing (Frederico, 2021). 
However, this thesis does not adhere to these emerging signs toward Supply Chain 
5.0 for several reasons. 

Firstly, there is no one-size-fits-all technological solution within the ambit of 
Supply Chain 4.0. Solutions range from complete automation to supporting human-
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centric operations (see, for example, Paper 4), and they are context-dependent, taking 
into account factors such as market dynamics, strategic visions for Supply Chain 4.0, 
socio-cultural influences, cost-benefit analyses, and more. 

A multitude of studies have described Supply Chain 4.0 as mainly involving the 
nearly end-to-end automation and integration of supply chain processes, such as 
production, transportation, and warehousing (e.g., Alicke et al., 2017; Fatorachian 
and Kazemi, 2021). In accordance with Fatorachian and Kazemi’s (2021) conceptual 
description of Supply Chain 4.0, a set of sensors, tags, beacons, and actuators are 
embedded into numerous objects such as machinery, products, and devices, enabling 
machine-to-machine (M2M) communications and data sharing, thereby giving rise 
to a cyber-physical system (CPS) characterized by components’ autonomy and con-
nectivity. Different CPSs, from across the tiers of the supply chain, interconnect by 
linking to a central data server, which in turn connects to the internet, culminating 
in the formation of the Internet of Things (IoT). Within this IoT environment, 
advanced big data analytics technologies are employed to analyze the vast pool of data 
emanating from disparate CPSs. This fosters end-to-end automation and integration, 
as well as extensive data-driven insights. 

While such a high level of automation and integration may be beneficial for some, 
it can significantly diminish the human role in supply chains, underscoring the need 
for conceptual advancements toward a more balanced approach (Cimini et al., 2020; 
Doyle Kent and Kopacek, 2021) – thus prompting the emergence of Supply Chain 
5.0. There is no compelling requirement to associate Supply Chain 4.0 with complete 
automation and integration exclusively. Therefore, this thesis challenges the rigid 
emphasis on end-to-end automation and integration within Supply Chain 4.0, 
questioning the need to shift to Supply Chain 5.0 to achieve a balanced human-
technological environment. The advanced technologies underlying Supply Chain 4.0 
do not necessarily have to be implemented to achieve complete automation; diverse 
benefits can be derived from their adoption.  

Secondly, safety, sustainability, social responsibility, and regulatory compliance 
considerations are not novel; they have been integral to business practices well before 
the advent of Supply Chain 4.0. Therefore, these considerations must naturally be 
factored into any implementation project. In addition, literature has shown the 
potential contribution of Supply Chain 4.0 to the aforementioned elements, such as 
environmental and social sustainability (Daú et al., 2019; Naseem and Yang, 2021). 

Thirdly, while technologies like 4D printing are under development, they are 
essentially part of the same technological family as 3D printing, and their full poten-
tial and integration into supply chains are still evolving. Furthermore, although the 
technologies underpinning Supply Chain 4.0 are subject to ongoing discussions and 
refinement, it would be premature to definitively conclude that these technologies are 
set in stone and immune to significant replacement or enhancement. 

Scholarly efforts in three sub-domains – namely, the benefits, challenges, and cri-
tical factors associated with this phenomenon – can be important to advance the 
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1. INTRODUCTION 

domain of Supply Chain 4.0. This study justifies the importance of investigating these 
three sub-domains with the following arguments.  

1.2.1 Benefits of transition to Supply Chain 4.0 
An important aspect in advancing the maturity of this domain is the investigation of 
the benefits of transitioning to Supply Chain 4.0. Govindan et al. (2022) emphasize 
that firms demand more knowledge regarding the benefits of embracing Supply 
Chain 4.0. Naseem and Yang (2021) highlight a gap in understanding, particularly 
among small and medium-sized enterprises, with respect to these pertinent benefits. 
Obtaining clear insights into these benefits is crucial for a relevant transition to 
Supply Chain 4.0 and empowers decision-makers to develop a realistic vision of the 
role that this concept can play in shaping their future (Büyüközkan and Göçer, 2018; 
Frederico et al., 2019). 

Furthermore, as Supply Chain 4.0 is inherently technology-driven, compre-
hending the implications that the underlying technologies bring to the table plays a 
pivotal role in the decisions made by managers regarding the selection and adoption 
of these technologies within their supply chains. This perspective aligns with the 
“relative advantage” determinant, one of five attributes of innovation identified by 
Rogers (2003). Among these attributes, “relative advantage” holds particular signi-
ficance in the adoption decision-making regarding technologies (Premkumar et al., 
1994; Sun et al., 2020). Specifically, “relative advantage” addresses the perceived bene-
fits that firms associate with evaluating new technologies; if the evaluation demon-
strates that the technology is beneficial for the business, it serves as a motivating factor 
for adoption, and vice versa (Premkumar and Roberts, 1999; Sun et al., 2020). 

Van Hoek et al. (2019) highlight that supply chain managers, without a clear 
understanding of the potential benefits and challenges posed by technologies, often 
hesitate to adopt them, even when acknowledging their potential. Focusing on 
blockchain, one of the technologies commonly associated with Supply Chain 4.0, Van 
Hoek et al. (2019, p. 2) say that when we talk to supply chain practitioners about 
blockchain, it’s not surprising that they typically respond with something like this: “I 
don’t really understand it. I don’t really know what to do with it, I don’t know exactly 
how it applies to our business. I just know that I need to figure it out. But I have no clue 
how to begin.” A lack of sufficient knowledge regarding the implications of Supply 
Chain 4.0 and its underlying technologies, including blockchain, can give rise to 
business problems related to relevant adoptions and utilization. 

Despite the evident significance of gaining a clear understanding of the benefits 
associated with transitioning to Supply Chain 4.0, the existing literature reveals a 
dearth of pertinent research and a lack of a comprehensive view of this aspect 
(Tjahjono et al., 2017; Büyüközkan and Göçer, 2018; Frederico et al., 2019; Hahn, 
2020). Consequently, a comprehensive understanding of the benefits of transitioning 
to Supply Chain 4.0 is relevant for practice and research. 
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1.2.2 Challenges in transition to Supply Chain 4.0  
Supply Chain 4.0 is still in its infancy (Tjahjono et al., 2017; Büyüközkan and Göçer, 
2018; Frederico et al., 2019). This characteristic, combined with the continuous 
evolution of the underlying technologies in question (Schwab and Davis, 2018; 
Manners-Bell and Lyon, 2019), suggests potential challenges that could hinder the 
transition to Supply Chain 4.0. 

While the potential benefits are central targets, transition to Supply Chain 4.0 
potentially faces specific challenges along its path to success (Manners-Bell and Lyon, 
2019; Antony et al., 2023). Given the limited number of successful transition cases 
observed in practice (Chmiko and Hutchison, 2023), it would be naive to expect a 
smooth transition without encountering hindering elements along the way. 

The presence of challenges in adopting technologies in pursuit of Supply Chain 
4.0 can also impact pertinent investment decisions, as they have the potential to 
hinder the transition process (Van Hoek et al., 2019; Ali and Aboelmaged, 2022). In 
this regard, Abdirad and Krishnan (2021) note that there are challenges in tran-
sitioning to Supply Chain 4.0, and for many managers, it is unknown whether the 
weight of benefits is sufficiently compelling for undertaking such implementations 
accompanied with a dearth of relevant experts in this area. 

Given that this subject is relatively under-researched in the literature domain 
(Büyüközkan and Göçer, 2018; de Campos Martins and Simon, 2018; Ali and 
Aboelmaged, 2022), it becomes vital to understand the challenges that could hinder 
the transition to Supply Chain 4.0. For clarification, some examples of such chal-
lenges include high costs and security issues (Bär et al., 2018; Eslami et al., 2021). 

1.2.3 Critical Factors in transition to Supply Chain 4.0 
In addition to the challenges that can hinder the transition to Supply Chain 4.0, 
“critical factors” must be addressed to facilitate such a transition. Critical factors refer 
to those elements that, if properly dealt with, can substantially improve the chances 
of achieving the desired enhancements driven by the system (Pinto and Rouhiainen, 
2001, as cited in Nasir and Sahibuddin, 2011). 

Manners-Bell and Lyon (2019) argue that the attractiveness of technologies for 
adoption depends on the preparedness of the hosting ecosystem. Similarly, Remane 
et al. (2017) emphasize that, in addition to recognizing the digital impact, businesses 
must have the necessary “readiness” for the technological transition.  

In line with these statements, it is important to pay great attention to the essential 
elements needed to prepare for a successful transition to Supply Chain 4.0 (Frederico 
et al., 2019). These essential elements can be called critical factors (Black and Porter, 
1996; Sun et al., 2008; de Jesus et al., 2016). This thesis has already argued that in 
addition to acquiring technologies, conventional supply chains need to be aligned to 
harness the potential of this transition. Critical factors are essential elements to con-
sider during such alignment. 
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1. INTRODUCTION 

Nevertheless, Büyüközkan and Göçer (2018) argue that despite the various bene-
fits, the number of supply chains that have successfully established mature digitali-
zation is limited due to a lack of clear insight into critical factors. For clarification, 
some critical factors include managerial support and commitment to Supply Chain 
4.0 or knowledge development for this purpose (Frazzon et al., 2019; Frederico et al., 
2019). 

Moreover, in its current state, the literature within the domain of Supply Chain 
4.0 presents diverse perspectives regarding the composition of underlying tech-
nologies, at times associated with unclear boundaries for the technologies considered 
(e.g., Tjahjono et al., 2017; Büyüközkan and Göçer, 2018; Makris et al., 2019). This 
lack of clarity can impede a comprehensive understanding of the benefits, challenges, 
and critical factors related to the pertinent transition. Besides, some scholarly 
endeavors in this area (e.g., Frederico et al., 2019) tend to over-summarize their 
analyses at the level of underlying technologies despite acknowledging their signi-
ficance, potentially missing opportunities for more targeted contributions. 

1.3 Research purpose, questions, and empirical context 
The overarching purpose of this thesis is to advance the frontiers of knowledge in the 
domain of Supply Chain 4.0. This broad purpose is delineated into two specific ones: 

A. To understand the benefits and challenges of the transition to Supply Chain 
4.0. 

B. To illuminate the critical factors necessary to successfully transition to 
Supply Chain 4.0. 

In light of these purposes, three research questions have been formulated for exami-
nation through the investigations that were conducted. These three research ques-
tions (RQs) are as follows: 

RQ 1: What are the benefits of transitioning to Supply Chain 4.0? 
RQ 2:What are the challenges related to the transition to Supply Chain 4.0? 
RQ 3: What critical factors are necessary for transitioning to Supply Chain 4.0? 

“Benefits” refer to the contributing elements in supply chains that can be achieved 
through a successful transition to Supply Chain 4.0. “Challenges” pertain to the 
hindering elements that supply chains may encounter in transitioning to Supply 
Chain 4.0. “Critical factors” are those elements that, if properly dealt with, can 
substantially improve the chances of a successful transition to Supply Chain 4.0. 

In light of these research questions, this thesis employs a multimethod approach, 
encompassing four studies (details can be found in the Methodology section – Section 3). 

An overview of the research purposes and questions is presented in Table 1. 
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Table 1: Research purposes and questions 

Overarching research purpose 

To advance the knowledge frontiers in the domain of Supply Chain 4.0. 

Research purpose A 

To understand the benefits and challenges of the 

transition to supply chain 4.0. 

Research question 1 

What are the benefits of transitioning to Supply 

Chain 4.0? 

Research Question 2 

What are the challenges related to the transition 

to Supply Chain 4.0? 

Research purpose B 

To illuminate the critical factors 

necessary to successfully transition to 

Supply Chain 4.0. 

Research question 3 

What critical factors are necessary for 

transitioning to Supply Chain 4.0? 

The empirical focus of this thesis centers on a case study involving a technological 
transition within a firm situated in a developing economy – Turkey (Karadag, 2017; 
Ersoz et al., 2022). This transition is facilitated by a technological solution developed 
by a firm in a developed economy – Sweden. As previously noted, adopting and 
utilizing Supply Chain 4.0 technologies often present complications. These compli-
cations are further pronounced for firms in developing economies, which frequently 
rely on the technology industries of developed economies. Therefore, this case study 
offers valuable insights into similar contexts, shedding light on various facets associ-
ated with technological transitions in developing economies. 

Furthermore, Turkey, recognized as a global hub for logistics due to its strategic 
geographic location (Özdemir, 2010; Acar et al., 2015; Acar et al., 2020), is actively 
striving to bolster its competitive edge in the dynamic business world by embracing 
the transformative power of advanced technologies. According to the Minister of 
Science, Industry and Technology of Turkey in 2018, Faruk Ozlu, countries which 
equip their schools, factories, cities and armies with technology become powerful and 
continue to be strong (as cited in Gungor, 2018). 

This stance is evidenced by encouraging initiatives spearheaded by the Turkish 
government aimed at fostering digitalization across various sectors (Duman and 
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Akdemir, 2021) and by Turkey’s rising demand for reducing the costs of business 
conduct facilitated by these technologies (Ersoz et al., 2018; Cergibozan and Tasan, 
2022). One of these initiatives is Turkey’s Digital Transformation Roadmap, which is 
targeted at nurturing digitalization and enhancing the country’s digital infrastructure 
and capabilities. In this regard, the Development Minister of Turkey in 2017 says that 
we will improve infrastructure for domestic production and the efficient use of high 
technologies such as the internet of things, robotics, big data, artificial intelligence and 
augmented reality (as cited in Sahin and Zengin, 2017). 

However, Turkey has made limited progress in its transition to advanced tech-
nologies (Atik and Ünlü, 2019; Izmen et al., 2020). Hence, case insights from a transi-
tion in Turkey can pave the way for other businesses in Turkey to embark on such a 
journey. 

1.4 Thesis demarcation 
As noted earlier, the transition to Supply Chain 4.0 includes actors and contexts on 
multiple levels: the technological solution provider; the adopting supply chain 
actor(s), and the advancement in the broader technological landscape that enables 
the development of Supply Chain 4.0 solutions. In this regard, Geel’s (2002) MLP, 
including Regimes, Niches, and Landscape, accounts for such a multi-tiered feature 
of the transition to Supply Chain 4.0. 

The Regime level encompasses actors with set establishments, rules, and configu-
rations (e.g., capabilities, competencies, practices) characterized by lock-in and stable 
trajectories (Geels, 2002 & 2011). Technological innovations occurring within the 
actors at the Regime level often have an incremental nature, not radical (Geels, 2002), 
potentially because of sunk costs and grounded business complementarities, favoring 
relatively more stable trajectories (Stalmokaitė, 2021). The Niche level, including 
actors such as entrepreneurs, start-ups, and spinoffs, function as incubation rooms, 
working on radical innovations that often emerge outside or on the fringe of existing 
regimes (Grin et al., 2010; Geels, 2011). Niche actors often drive radical innovations 
(Stalmokaitė, 2021). The landscape is the context involving a broad arrangement of 
components such as political landscape (e.g., political coalitions), economic land-
scape (e.g., oil prices or economic growth), and socio-demographic landscape (e.g., 
emigration or cultural values), often beyond the scope of influence of actors in 
Regime and Niche levels (Geels, 2002 & 2011). 

Embracing Geels’ (2002) MLP, Supply Chain 4.0 preceded by broader digitali-
zation, shaping a technological landscape where advanced technologies emerged with 
the potential for engendering disruptive impact into many aspects of life, broader 
than business, such as self-driving cars (Preindl et al., 2020). The niche level includes 
actors that are radical innovators who harness the potential of this technological 
landscape for the business world. These actors are advanced technological solution 
providers for the manufacturing sector (Industry 4.0) or wider upstream and down-
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stream tiers (Supply Chain 4.0). In the present thesis, regime actors are status quo 
supply chains (including manufacturers, distributors, retailers, suppliers, Enterprise 
Resource Planning (ERP) developers, etc.) with stable and established business tra-
jectories. While the broader landscape is inevitable in this equation (such as govern-
mental regulations, technological advancements, and economic conditions), the cen-
tral scope of this research falls into the Niche-Regime interaction for transitioning to 
Supply Chain 4.0. 

While MLP serves as the basis for demarcation of this thesis, dynamic capabilities 
theory emerges as a fitting account for the process of transitioning to Supply Chain 
4.0. To this end, delving into the trio of benefits, challenges, and critical factors 
associated with Supply Chain 4.0, valuable insights can be gleaned for the adaptation 
of supply chain actors’ dynamic capabilities, by enabling them to better comprehend 
the upsides and downsides posed by transition to Supply Chain 4.0 and to understand 
the critical factors necessary for successful alignment. More so, applying the theo-
retical concept of business-technology alignment, this thesis builds on dynamic 
capabilities theory by asserting that successful alignment is a two-sided effort between 
the Niche technological solution provider and the Regime’s adopting actor(s) (for 
more details on the interplay between the trio and the thesis theoretical framework, 
please refer to sections 2.3 and 2.4). 

1.5 Disposition 
The following section delves into the relevant literature, focusing on the core ele-
ments introduced in the thesis’ introduction. Section two further elaborates on the 
theoretical underpinnings, laying the foundation for the thesis framework that guides 
subsequent investigations. Section three outlines the chosen methodologies, em-
ployed studies, and the rationale behind their selection. Section four presents the 
results of the four papers developed from the four studies included in this thesis. 
Section five offers in-depth discussions based on the findings from the thesis studies, 
addressing the questions posed by the thesis. Finally, in section six, the concluding 
remarks, implications, limitations, and directions for future research are provided. 
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2. Frame of reference 

This section elaborates on the core elements of this thesis through a survey of relevant 
literature. It begins by delving into the concept of Supply Chain 4.0, elucidating factors 
that limit its current conceptualization and developing a conceptual basis for further 
pertinent investigations. Next, it expounds supply chain management, emphasizing a 
strategic management perspective. Drawing upon the strategic management domain, 
the section then develops the theoretical considerations that guide this research. Ulti-
mately, this section culminates in the synthesis of key intellectual elements, leading to 
the establishment of a framework for this thesis. 

2.1 Supply Chain 4.0 
While businesses exhibit diversity in their selection of technologies, it is evident that 
technology serves as the core underlier of Supply Chain 4.0 (Frederico, 2018; Makris 
et al., 2019; Frederico et al., 2019; Fatorachian and Kazemi, 2021). Configuration of 
underlying technologies in Supply Chain 4.0 varies across supply chains, depending 
on the needs of the hosts and possible technological complementarities. For instance, 
Rejeb et al. (2019) highlight the potential synergy between IoT and blockchain for 
data transfer, with enhanced data security and auditability. Similarly, Pournader et al. 
(2021) underscores the incorporation of Artificial Intelligence into simulation 
technology to facilitate advanced scenario-based analysis. 

The technological nature of Supply Chain 4.0 is also reflected in maturity models. 
For instance, five distinct maturity levels are delineated in an Industry 4.0 maturity 
model designed for Operations and Supply Chain Management by Caiado et al. 
(2021). The lowest level signifies a business environment where advanced and 
disruptive digital technologies are nearly absent. In contrast, the highest maturity 
level signifies the presence of a robust technological infrastructure. 

Furthermore, Benitez et al. (2021) imply that the technological complementarity 
inherent in Supply Chain 4.0 solutions emphasizes the need for a network-centric 
perspective on supply chains, instead of the traditional linear supply chain rela-
tionships, better suited to provide the requisite technological infrastructure. 

Next, Shao et al. (2021), utilizing a qualitative case study approach, have developed 
a multistage framework for implementing Industry 4.0 within supply chains. This 
framework comprises four stages. The initial stage serves as the trigger for establish-
ing the foundations of Supply Chain 4.0, primarily within the sphere of a champion 
actor. The second stage centers on the champion firm establishing connections with 
its suppliers. In the third stage, the emphasis shifts toward consolidating connectivity 
with suppliers through the exchange and matching of data. This stage also involves 
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the extension of connectivity to a third actor within the network. Additionally, the 
third stage encompasses multi-tier collaboration and data linkage with a centralized 
networked system. Ultimately, the fourth and final stage entails the combination of 
the information landscape and implementing corrective measures. 

2.1.1 Factors contributing to the limited conceptualization  
of Supply Chain 4.0 

Supply Chain 4.0 lacks a robust conceptualization, a recognized shortcoming in the 
literature (Tjahjono et al., 2017; Büyüközkan and Göçer, 2018; Frazzon et al., 2019; 
Frederico et al., 2019; Fatorachian and Kazemi, 2021). This gap, attributed partly to 
the emerging nature of the domain, can also be investigated from other perspectives. 
One significant aspect is linked to the composition of the technology collection or 
package that underlies the transition to Supply Chain 4.0. Despite this recognition, 
the literature has no consensus regarding these underlying technologies. Table 2 
illustrates several attempts made to identify these underlying technologies. 

As shown in Table 2, while there exist elements of commonality, a consensus on 
the specific technology set underlying the transition to Supply Chain 4.0 remains 
elusive. This can be attributed to the fact that supply chains transit to Supply Chain 
4.0 to serve their individual objectives and contexts, making it challenging to define 
a universal technology package capable of addressing all needs. In such a naturally 
fluid environment, pinpointing universal and precise features, downsides, and up-
sides associated with Supply Chain 4.0 proves intricate, as each technology in play 
offers distinct characteristics. For instance, the benefits and challenges of blockchain 
differ from those of 3D printing or robotics. 

The dearth of in-depth technological analyses is another inhibiting factor in 
achieving a robust conceptualization of Supply Chain 4.0. Endeavors to develop 
corresponding conceptualizations require pertinent analyses for each technology in 
question (e.g., Tjahjono et al., 2017; Büyüközkan and Göçer, 2018). 
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2. FRAME OF REFERENCE 

Table 2: Categorization of technologies underlying Supply Chain 4.0 

Study Categorization of underlying technologies for Supply Chain 4.0 

(Tjahjono et al., 2017) Virtual and augmented reality, 3D printing, simulation, big data 
analytics, cloud technology, cyber security, Internet of Things, 
miniaturization of electronics, automation identification and data 
collection, radio frequency identification, robotics, drones and 
nanotechnology, machine to machine communication, business 
intelligence 

(Frederico, 2018) Internet of Things, cyber physical systems, big data analytics, 3D 
printing, robotics and artificial intelligence, radio frequency 
identification, cyber security systems (blockchain), cloud 
technology 

(Büyüközkan and Augmented reality, big data, cloud computing, Internet of Things, 
Göçer, 2018) nanotechnology, omni channel technologies, robotics, sensor 

technology, self-driving vehicles, unmanned aerial vehicles, 3D 
printing 

(Junge, 2019) Information and communication technologies, auto identification 
technologies, cloud technologies, analytics technologies, blockchain, 
cyber physical systems, automation technologies, virtual and 
augmented reality, additive manufacturing 

(Makris et al., 2019) Big data technologies, cloud computing, 3D printing, cyber physical 
systems, Internet of Things, Internet of Services, smart technologies, 
machine learning 

(Fatorachian and Cyber physical systems, Internet of Things, big data analytics, cloud 
Kazemi, 2021) technologies 

However, not all studies incorporate such a comprehensive technological perspective. 
For instance, based on a systematic literature review, Frederico et al. (2019) aimed to 
conceptualize Supply Chain 4.0 by dividing it into four connected categories. The first 
category, “managerial and capability supporters”, identifies dimensions that reflect 
capabilities and management issues supporting Supply Chain 4.0. The second cate-
gory, “technology levers”, highlights 21 technologies underpinning Supply Chain 4.0. 
The third category, “process performance requirements”, underscores the enablers of 
Supply Chain 4.0. Finally, the last category elaborates on the “strategic outcomes”. 
While this study is valuable to Supply Chain 4.0 research, it falls short in providing 
comprehensive considerations at the technology level. Despite recognizing the 
underlying role of technologies in Supply Chain 4.0, Frederico et al. (2019) discuss 
the aspects in question largely irrespective of the characteristics of the underlying 
technologies themselves. Although there are brief examples, disruptive technologies 
such as 3DP, AI, SM, and Rb are key to achieving more responsiveness and flexibility 
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(p. 275)2. Nevertheless, deeper technological investigations are required to better 
conceptualize the subject. 

Hence, it can be asserted that Supply Chain 4.0’s emerging nature, its naturally 
fluid environment, and the limited depth of technological analyses have collectively 
impeded the development of a robust conceptualization. 

2.1.2 Supply Chain 4.0: developing a conceptual basis  
for further investigations 

This thesis, positioned as an endeavor to further the understanding of the Supply 
Chain 4.0 domain, seeks to delineate the benefits, challenges, and critical factors 
associated with transition to Supply Chain 4.0. To fulfill this objective, the afore-
mentioned three elements (i.e., the emerging nature of Supply Chain 4.0, its naturally 
fluid environment, and the limited depth of technological analyses) must be ad-
dressed in line with the purposes of this thesis (see introductory section for the 
purposes). To achieve this, the thesis has taken a dual-pronged approach, conducting 
a focused examination of both the general level of Supply Chain 4.0 and the specific 
technologies that underlie it. This approach addresses all three elements: firstly, it 
contributes to the advancement of the subject domain by delving into the benefits, 
challenges, and critical factors associated with Supply Chain 4.0 and its technologies; 
secondly, by identifying and explicitly concentrating on the underlying technologies 
of Supply Chain 4.0, it reasonably responds to its inherent naturally fluid environ-
ment; thirdly, it broadens the analytical perspective to the technology level, an aspect 
that has been limitedly elaborated in previous research efforts. 

Hence, drawing upon the body of literature within the supply chain research 
domain (Tjahjono et al., 2017; Frederico, 2018; Büyüközkan and Göçer, 2018; Junge, 
2019; Makris et al., 2019; Fatorachian and Kazemi, 2021), and beyond (Ghobakhloo, 
2018; Schwab and Davis, 2018; Karabegovic, Karabegovic, et al., 2020), a set of 
advanced technologies commonly associated with Supply Chain 4.0 (hereafter refer-
red to as “Supply Chain 4.0 technologies”) has been identified. These technologies 
encompass the Internet of People (IoP), Internet of Things (IoT), cloud computing 
(CC), big data technologies (BDTs), blockchain (BC), augmented reality (AR), 
automation (AU), robotics (RO), additive manufacturing (AM), simulation (SI), 
semantic technologies (ST), and artificial intelligence (AI). A brief description of each 
of these twelve technologies is presented in Table 3. 

These twelve Supply Chain 4.0 technologies demonstrate significant applicability 
within the realm of supply chains. Several technologies considered in previous studies 
have been consolidated into a single category due to their similarity. For instance, 
unmanned vehicles (Büyüközkan and Göçer, 2018), and drones (Tjahjono et al., 
2017), have been grouped under RO, aligning with related literature (Cavoukian, 
2012; Hassanalian and Abdelkefi, 2017). Similarly, radio frequency identification 

— 
2 3DP (three-dimensional printing), AI (artificial intelligence), SM (smart machines), Rb (robotics) 
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(RFID) has been considered a subset of IoT (see Jia et al., 2012). One technology often 
associated with Supply Chain 4.0 is CPS. However, CPS has been excluded from this 
list due to its substantial overlap with IoT, as supported by studies (Bordel et al., 2017; 
Xu et al., 2018). Furthermore, it has already been explained how Fatorachian and 
Kazemi (2021) describe CPS as an integral part of IoT. 

Next, out of the twelve Supply Chain 4.0 technologies, this thesis recognizes four 
as base technologies – i.e., the enabling technologies of Supply Chain 4.0. These four 
base technologies include the Internet of Things, artificial intelligence, cloud com-
puting, and blockchain. Although these four technologies have been acknowledged 
as vital in the literature (e.g., Frederico, 2018; Büyüközkan and Göçer, 2018; Junge, 
2019; Makris et al., 2019; Fatorachian and Kazemi, 2021), this thesis does not solely 
rely on previous literature. Instead, it justifies the selection of these four technologies 
using three arguments: technological pervasiveness; technological dynamism; and 
their central role in configuring Supply Chain 4.0. 

Table 3: Descriptions of Supply Chain 4.0 technologies 

Supply Chain 4.0 Descriptions Inspiring sources 
technologies for descriptions 

Internet of Things 
(IoT) 

Internet of People 
(IoP) 

Cloud computing 
(CC) 
Big data 
technologies 
(BDT) 
Blockchain (BC) 

Augmented 
reality (AR) 
Automation (AU) 

Technology that interconnects physical objects 
(e.g., consumer products, equipment, 
machineries) with one another and with the 
outside world, via which objects-related data can 
be gathered, processed, and communicated. 
Technology through which users’ information 
can be gathered from online platforms (e.g., 
Facebook) and be utilized for various business 
purposes such as targeted marketing and trend 
forecasting. 
Technology that brings services, computation, 
storage, and applications on cloud/internet. 
Technology that offers possibility to manipulate 
and analyze diversified and large amount of data 
for creating knowledge and information. 
It is a distributed ledger technology that 
establishes a secure and largely visible database 
of digital contents (e.g., information and 
transactions) among participants. 
Technology via which computer graphics are 
superimposed on the real environment. 
Utilizes CPS properties to enable the network of 
self-conducting activities and processes. In this 
thesis, automation is mainly based on predictable 
conditions and centers on repetitive tasks. 

(Schwab and Davis, 
2018; Frederico, 
2018; Boyes et al., 
2018) 

(Ghobakhloo, 2018) 

(Stergiou et al., 2018) 

(Ghobakhloo, 2018; 
Frederico, 2018) 

(Schwab and Davis, 
2018; Van Hoek et 
al., 2019) 

(Yew et al., 2016) 

(Lu, 2017; Frederico, 
2018) 
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Robotics (RO) Centered on AI, it is a technology capable of 
cognition, navigation and mobility, and complex 
interaction. 

(Schwab and Davis, 
2018) 

Artificial 
intelligence (AI) 

It is capable of cognitive functions such as 
reasoning, meaning extraction, perception etc., 
which are normally undertaken by human 
intelligence. 

(Hacibeyoglu et al., 
2017; Hainc et al., 
2017) 

Additive 
manufacturing 
(AM) 

Also known as 3D printing. Technology through 
which manufacturing characterizes by joining 
the materials layer upon layer, with the purpose 
of the creation of physical output from 3D 
model. 

(Mellor et al., 2014; 
Schwab and Davis, 
2018) 

Simulation (SI) Technology for imitation of systems to predict 
and evaluate their behavior and performance. 

(Xu et al., 2016) 

Semantic 
technologies (ST) 

Technology for standardization of language and 
knowledge representation among various 
components and technologies. 

(Ghobakhloo, 2018) 

Technological pervasiveness 

The concept of “technological pervasiveness” is underscored in the literature as a key 
factor for distinguishing technologies with widespread impact from those with 
limited influence (Bresnahan and Trajtenberg, 1995; Teece, 2018). In simple terms, 
pervasive technologies exist in most or all supply chain tiers. In this thesis, technolo-
gical pervasiveness serves as one of the criteria for differentiating the base techno-
logies of Supply Chain 4.0 from others. In accordance with this rationale, Fenn and 
Time (2007) categorize technologies into four groups based on their level of impact. 
According to their classification, “transformational” technologies are ranked highest 
due to their extensive scope of impact across various industry subsets (i.e., perva-
siveness), contrasting with the three lower ranks encompassing technologies mainly 
manifested at the business process level. 

Regarding the pervasiveness of the four base technologies, Manners-Bell and Lyon 
(2019) have defined supply chain processes as follows: 1. Product design/produc-
tion/sourcing; 2. Warehousing; 3. Transport; 4. Last-mile delivery; 5. End of life/spare 
parts. They then position technologies within these processes in terms of usability 
and impact. In their categorization, BC, AI, IoT, and CC represent Supply Chain 4.0 
technologies in all five of the aforementioned processes. AM is involved in the first 
and fifth processes, while RO primarily contributes to the second, third, and fourth 
processes. AU and AR are prominent in the second process. Additionally, by their 
nature, technologies like IoP and SI may not have a substantial presence in all tiers of 
the supply chain. ST and BDTs extend the IoT environment, where data streams are 
shaped, and AI is their key enabler. 

The pervasiveness of IoT, AI, CC, and BC is unsurprising. Various IoT subsets can 
be observed throughout supply chain processes; for example, RFID is used in ware-
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housing, GPS in transportation, and Industrial IoT (IIoT) in production. As dis-
tributed ledger systems, BC applications can span from raw material suppliers to 
production plants, distributors, and stores (see, for example, Van Hoek et al., 2019). 
CC underpins cloud storage and computation, serving as a conduit for intercon-
nected data flows within Supply Chain 4.0. Even BC data is stored on the cloud (Van 
Hoek et al., 2019). AI is a dynamic technology which means that it proceeds into 
further technologies based on its principal function (see “technological dynamism” 
in Bresnahan and Trajtenberg, 1995). 

Consequently, technologies leveraging AI as a core component are recurrent, 
including BDTs, RO, AU, etc. Thus, AI is a pervasive technology across various sup-
ply chain tiers. For instance, AI can be used in robots and AU in different supply 
chain layers, such as for production and advertising optimization (Dash et al., 2019). 

Technological dynamism 

In terms of technological dynamism, much like AI, IoT represents a significant 
element for driving other technologies, such as BDTs and RO. Within the conceptual 
description of Supply Chain 4.0 outlined by Fatorachian and Kazemi (2021), as 
previously discussed in this thesis, the importance of the IoT environment was 
underscored for aggregating data from various CPSs, thereby enabling the analysis of 
big data through BDTs. Similarly, IoT plays a crucial role in the realm of RO. One 
example involves the combination of IIoT with collaborative robots (Cobots) to 
facilitate the communication between Cobots and employees in the formation of an 
effective assembly system (Salunkhe et al., 2019). 

CC represents another dynamic technology. For instance, CC supports BC 
applications (Van Hoek et al., 2019). Likewise, CC serves as a fundamental com-
ponent within the IoT environment and the realm of BDTs (as elaborated in 
Fatorachian and Kazemi, 2021). Notably, CC is one of the four essential constituents 
of IoT architecture (Vyas et al., 2019, Figure 4.1). 

BC can play a pivotal role in enhancing the security of the IoT environment, which 
can be susceptible to cyberattacks and threats (Hussain et al., 2021). Its ability for 
decentralization as a distributed ledger is particularly valuable in configurations 
where IoT devices are distributed across various organizations (such as within the 
context of the supply chain), and secure stream sharing is imperative (Vyas et al., 
2019). Also, BC can facilitate the IoT/big data exchange between providers and 
consumers, who may be diverse actors within a supply chain consortium (Vyas et al., 
2019). These statements clearly illustrate the technological dynamism of IoT, AI, CC, 
and BC, driving other technologies. 

In short, this thesis posits that IoT, AI, CC, and BC are the base technologies of 
Supply Chain 4.0. This assertion is rooted in the pervasive presence of these four 
technologies across different supply chain tiers, further reinforced by their dynamic 
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nature. Additionally, a third argument supporting the classification of these four 
technologies as base ones lies in their central role within Supply Chain 4.0. 

Central technologies of Supply Chain 4.0 

As previously discussed, transition to Supply Chain 4.0 represents a technological 
transformation in the way that supply chains work. In this regard, three key disrup-
tive characteristics can be associated with Supply Chain 4.0: object-to-object, object-
to-human, human-to-object, and human-to-human interconnectivity (Wu et al., 
2016; Jayaram 2016; Frederico, 2018; Frazzon et al., 2019; Sobb et al., 2020; Hahn, 
2020; Aktas et al., 2021); intelligence and transparency on supply chain processes and 
activities (Wu et al., 2016; Frazzon et al., 2019; Hahn, 2020; Aktas et al., 2021), and 
autonomy capability with reduced human intervention (Wu et al., 2016; Jayaram 
2016; Frazzon et al., 2019; Sobb et al., 2020; Hahn, 2020). In line with this repre-
sentation of Supply Chain 4.0, the central roles of IoT, AI, CC, and BC can be linked 
to these key disruptive characteristics. 

In Table 3, IoT is defined as a technology that connects physical objects to each 
other and the outside world, enabling data collection, processing, and communi-
cation from objects (Schwab and Davis, 2018; Frederico, 2018; Boyes et al., 2018). The 
embedding devices can generate data and provide computing capabilities for the 
objects for various purposes; for example, in the transportation of fresh foods, 
embedded sensors can measure the temperature of food boxes and stream the data 
content in real-time, which is useful for monitoring the condition of the transported 
goods (Vyas et al., 2019). Taking this example, it is evident that such an IoT-driven 
capability significantly enables two of the three key disruptive characteristics of 
Supply Chain 4.0: 1) interconnectivity, 2) intelligence and transparency. 

Furthermore, IoT (Vyas et al., 2019) and even BC (Van Hoek et al., 2019), like 
some other technologies, use CC for their operations. Essentially, CC involves run-
ning server-side code on large-scale data center compute servers capable of remote 
client-data processing and management (Vyas et al., 2019). In a nutshell, CC involves 
the migration of data environments (e.g., storage, computation, application) to the 
cloud (Stergiou et al., 2018). 

CC encompasses three service models: 1) Infrastructure as a Service (IaaS), where 
the application developer (the company that purchased the IaaS service) is res-
ponsible for designing and operating its software and data system; 2) Platform as a 
Service (PaaS), where the application developer uses pre-built software tools provided 
by the cloud service provider to simplify application design and operation; 3) 
Software as a Service (SaaS), where the cloud service provider hosts the entire soft-
ware (Vyas et al., 2019). 

Despite the chosen service model, BC and the IoT environment, along with other 
technologies like 3D printers, use CC. In the previously elaborated conceptual 
description of Supply Chain 4.0 (Fatorachian and Kazemi, 2021), it can be noticed 
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how CPSs equipped with sensors, RFID tags, actuators, and beacons connect to the 
cloud to create the IoT environment and enable big data analyses. Therefore, it is 
reasonable to argue for the central role of CC and IoT in the configuration of Supply 
Chain 4.0. 

Next, Metaxiotis et al. (2003) categorized AI into three functionality-based groups: 
1) expert systems; 2) Artificial neural networks; and 3) Intelligent agents (as cited in 
Meyer et al., 2020). The first type (i.e., expert systems) is a problem-solving tool, 
relying on its substantial knowledge base within the relevant domain. The second 
type involves systems trained to analyze available data for pattern recognition (this 
type underlies machine learning algorithms). The third type is capable of auto-
nomous actions within a given environment, such as robots (Meyer et al., 2020). 
Across these three categories, it is evident that AI directly contributes to two of the 
three key disruptive characteristics of Supply Chain 4.0 discussed earlier: intelligence 
and autonomy. A systematic review conducted by Toorajipour et al. (2021) demon-
strates that the most prevalent AI technique used in the supply chain context relates 
to information processing for discovering knowledge, models, and patterns. 
Similarly, Dubey et al. (2021) emphasize the significant role of AI in enhancing supply 
chain analytical capabilities, highlighting AI’s potential to foster supply chain 
intelligence. As a key component of big data analytics, AI plays a crucial role in 
generating insights into various processes within the supply chain. AI is also a vital 
element of IoT and the connectivity it enables (Nahr et al., 2021). 

BC offers a distributed database for data sharing and processing associated with 
immutability and authenticity (Vyas et al., 2019; Manners-Bell and Lyon, 2019; Van 
Hoek et al., 2019). The immutability feature of BC security guarantees that trans-
ferred data among actors cannot be modified and will remain unchanged. BC’s 
authenticability mechanism holds the senders of data accountable by ensuring that 
no one else can produce that data. Hence, these BC qualities support the intercon-
nectivity among supply chain actors. Another important application of BC is smart 
contracts (Toorajipour et al., 2022; Kordestani et al., 2023). By digitalizing the con-
tractual arrangement, smart contracts enable the coordinated and automated imple-
mentation of transactions once the predetermined conditions are met (Chang et al., 
2019; Saberi et al., 2019; Batwa and Norrman, 2020; Dolgui et al., 2020). This 
contributes to the autonomy of supply chains. In addition to interconnectivity and 
autonomy, “intelligence and transparency” account for the third disruptive charac-
teristic of Supply Chain 4.0. BC enables transparency across the tiers of the supply 
chain (Manners-Bell and Lyon, 2019). In this regard, the possibility of keeping the 
transactions unlinkable to the source (but authenticable) and traceable using a 
tracking key enables actors to put information on the BC without fear of revealing 
their private data (Vyas et al., 2019). This feature, along with authenticability (i.e., no 
one can falsely replace an honest actor in the BC) and immutability (i.e., no one can 
change the content of the BC’s data), can be significant for supply chain transparency. 
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The statements mentioned above shed light on the central role of the IoT, AI, CC, 
and BC in Supply Chain 4.0. Arguments regarding their central role, pervasiveness, 
and dynamism highlight these four as base technologies of Supply Chain 4.0. 

2.2 Supply chain: a strategic management perspective 
The roots of supply chain literature can be traced back to over half a century when 
Forrester’s study in 1958 cast light on the importance of examining the interrela-
tionships between separate companies (as cited in Mentzer et al., 2001). Although the 
popularization of supply chain concepts gained momentum in the 1980s (e.g., Oliver 
and Webber, 1982; Stevens, 1989). 

The discourse surrounding supply chain and its relationship with supply chain 
management has been discussed in the relevant literature. Mentzer et al. (2001) assert 
the existence of a clear boundary between the supply chain and supply chain 
management. The former is simply something that exists (often also referred to as dis-
tribution channels), while the latter requires overt management efforts by the organi-
zations within the supply chain (p. 4). Alternatively, other scholars propose a more 
intertwined boundary between supply chain and supply chain management. For 
instance, Lambert (2004) and Wisner et al. (2014) describe supply chain management 
as coordinating processes and activities within supply chains to create value for all 
actors. Christopher (2005) defines it as managing relationships among supply chain 
actors to achieve desired outcomes at the lowest cost. In this context, Christopher 
(2005, p. 5) characterizes the focus of supply chain management as the management 
of relationships in order to achieve a more profitable outcome for all parties in the 
chain. Ganeshan et al. (1999) emphasize that supply chains are managed as single 
entities through partnerships, requiring robust collaboration and coordination (as 
cited in Vyas et al., 2019). 

Bechtel and Jayaram (1997) identify four schools of thought shaping supply chain 
management approaches. The “chain awareness school” recognizes functional areas 
for material flow within the supply chain. The “linkage school” highlights actual 
linkages between these functional areas. The “information school” acknowledges 
bidirectional information flow among supply chain members. The “integration 
school” emphasizes the business processes over static functional areas, viewing the 
supply chain as a system primarily focusing on customer satisfaction. In essence, sup-
ply chain integration denotes the ability of supply chain actors to conduct supply 
chain activities jointly (Forslund and Jonsson, 2007 & 2009). 

Within the integration school, various theoretical frameworks for supply chain 
management have emerged, centering on business processes and integration. The 
Global Supply Chain Forum (GSCF) defines supply chain management as the 
integration of business processes, modeling supply chain management with three 
components: supply chain network structure; eight supply chain business processes; 
and management components (Lambert and Cooper 2000; Lambert et al., 2005; 
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Jonsson, 2008). The Supply-Chain Operations Reference model (SCOR), developed 
by the Supply Chain Council, further divides supply chain management into five 
processes: plan; source; make; deliver; and return (Stewart, 1997; Jonsson, 2008). 
Srivastava et al. (1999) emphasize integrating three key business processes: customer 
relationship management; product development management; and supply chain 
management. Additionally, Melnyk et al. (2000) offer a framework focusing on eight 
business processes, four of which align with SCOR’s model. 

A significant contribution to the supply chain domain stems from the research of 
Ketchen and Giunipero (2004), which bridges strategic management with supply 
chain management. According to their perspective, a supply chain embodies Leavitt’s 
(1965) organizational constituents, including participants, social structure, goals, and 
technologies, such that it can be conceptualized as a “supra-organization” (Ketchen 
and Giunipero, 2004). Consequently, they introduce the “supply chain organization”, 
describing it as a relatively enduring interfirm cooperative that uses resources from 
participants to accomplish shared and independent goals of its members (Ketchen and 
Giunipero, 2004, p. 55). This contribution is important, since it builds on business 
process integration toward developing and sustaining competitive advantages, there-
by opening avenues for applying strategic management theories within the supply 
chain domain (Ketchen and Hult, 2007). As a field, strategic management predomi-
nantly concerns how organizations can create and maintain a competitive advantage 
(Ambrosini and Bowman, 2009). While supply chain integration remains important, 
strategic management encompasses a broader spectrum of perspectives, including 
resource dependency and strategic decision-making (Akyuz and Gursoy, 2020). The 
literature on the strategic management of supply chains underscores the potential for 
supply chains to serve as competitive weapons in the pursuit of sustained competitive 
advantage (Hult et al., 2007; Ketchen and Hult, 2007; Ketchen and Craighead, 2020). 
In this intellectual realm, within which the present thesis also resides, the supply 
chain can be viewed as a strategic organization (Chowdhury and Quaddus, 2017). 

2.3 Theoretical consideration  
Structure-Conduct-Performance (SCP) is an early fundamental paradigm in indus-
trial organization that has played an essential role in the development of strategic 
management (Matyjas, 2014; Tell, 2020). SCP delineates the interplay between 
market structure (e.g., the number and size of firms and barriers to entry), firm 
conduct (activities of a strategic nature), and performance (financial performance), 
asserting that market structure shapes the conduct of firms, which in turn impacts a 
firm’s performance (Bain, 1986; Matyjas, 2014). In SCP, the industry provides the 
main contingencies for profitability, implying, for example, that monopolists conduct 
themselves differently from firms under perfect competition, leading to differences 
in performances (Tell, 2020). Originally, the underlying assumption of the SCP 
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paradigm was that firms within an industry did not vary significantly in any stra-
tegically relevant aspect beyond the scale of their operations (Matyjas, 2014). 

SCP was then met with criticism, emphasizing that conduct (strategies) can shape 
market structure and that there is heterogeneity of firms’ strategies in an industry, 
spotlighting strategy as a key element, departing from the rigid industry-centered 
focus of SCP (Matyjas, 2014). This has significantly contributed to the development 
of the strategic management field. 

One well-known piece of work in strategic management with a strong SCP legacy 
was developed by Porter in 1980 where he devised five forces emerging from SCP and 
introduced generic competitive strategies (Tell, 2020). Porter’s five forces determine 
the industry’s attractiveness for investment decisions. These five forces are: the entry 
of new competitors; the threat of substitutes; the bargaining power of buyers; the 
bargaining power of suppliers; and the competition among existing competitors 
(Porter, 2004). Based on such an analysis, firms in the industry – or those looking to 
enter it – can evaluate the industry’s appeal and determine the suitable strategic 
stance for their products in that specific market (Tell, 2020). Within Porter’s frame-
work are two primary generic strategies: the cost leadership strategy, in which a firm 
aims to achieve the lowest production costs to either maintain the highest profit 
margins given a certain price level in the industry or, alternatively, secure the lowest 
price position while still preserving margins higher than those of competing firms; 
and differentiation, where the firm offers unique product features (such as high 
quality, after-sales service programs, or distinctive product design) that justify a 
higher price to customers compared to rival products (Porter, 1980, 2004; Tell, 2020). 
Additionally, Porter suggests that “focus” strategies are available for both options, 
enabling firms to target specific market segments using either cost leadership or 
differentiation (Porter, 1980; Tell, 2020). 

In essence, Porter’s (1980) five forces and generic strategies emphasize an outside-
in perspective, suggesting that one should first analyse the attractiveness and 
condition of the market, and then select a strategy to compete effectively within that 
market. This approach resembles the so-called “market-based view” (MBV) – i.e., 
forces in the industry determine its attractiveness and impact the selection of a 
competitive strategy (Teece et al., 1997; Maier and Remus, 2002; Alnoukari, 2020). 

In contrast to the MBV, RBV suggests an inside-out perspective (Tell, 2020). 
Unlike MBV, which emphasizes the role of industry forces to drive strategies, RBV 
posits that a firm’s internal resources are the forces that drive strategies for gaining a 
competitive advantage (Maier and Remus, 2002; Soosay et al., 2016). RBV is a domi-
nant theory in strategic management, buttressing the resource approach to develop-
ing and sustaining a competitive advantage (Ketchen and Giunipero, 2004; Teece, 
2019). 

RBV is rooted in the foundational insights developed by Penrose (1959). She 
emphasized the role of internal resources in shaping a firm’s growth trajectory. 
Specifically, she is concerned with the experience-based accumulation of managerial 
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resources over time, suggesting that these resources set the ground for managing 
productive resources that underpin growth possibilities (Penrose, 1959; Tell, 2020). 

RBV implies that a firm’s bundle of capabilities and resources that are valuable, 
rare, imperfectly imitable, and not substitutable can lead to developing a sustainable 
competitive advantage (Barney, 1991; Amit and Schoemaker, 1993). Resources 
encompass tangible and intangible assets a firm owns or controls (Barney, 1991; Amit 
and Schoemaker, 1993; Teece, 2019). Capabilities refer to a firm’s capacity to deploy 
its resources, often in combination, through organizational processes, to achieve a 
desired outcome (Amit and Schoemaker, 1993). RBV posits that a firm’s strategic 
position and potential sustainable competitive advantage depend on how it can 
manage and utilize its internal resources (Tell, 2020). 

Furthermore, Teece (2007) raised pertinent inquiries regarding the inherently 
static nature of RBV with its primary focus on “internal” resources. Teece (2019) 
argues that alongside the internal resources, firms need to be able to recognize and 
utilize other relevant resources that are hitherto external to them, spotlighting the so-
called “dynamic capabilities” (please refer to the “Introduction” section for the 
definition of dynamic capability). Teece (2019) says that RBV falls short in acknow-
ledging the dynamic nature of technological cycles, thus hindering its capacity to fully 
recognize how certain firms consistently sustain their competitive advantages over 
time. He introduced a theoretical framework to foster the development of dynamic 
capabilities, which he thoughtfully subdivided into three interconnected, continuous, 
or semi-continuous clusters: sensing, seizing, and transforming (Teece, 2019). 

In this context, Teece (2019, p.10) articulated the following: 

For applied purposes, dynamic capabilities can usefully be broken down into three 
primary clusters: (1) identification and assessment of threats, opportunities, and cus-
tomer needs (sensing); (2) mobilization of resources to address fresh opportunities 
while capturing value from doing so (seizing); and (3) ongoing organizational renewal 
(transforming). 

Central to Teece’s vision is the assertion that dynamic capabilities empower organi-
zations not only to formulate conjectures about emerging technologies, substantiated 
by relevant adoption, but also to align their organizational assets and activities with 
the adopted technologies (Teece, 2019). Therefore, a noteworthy strength of his theo-
retical framework lies in its inclusive nature, effectively encompassing both the 
decision-making phases of adoption (“sensing” and “seizing”) and the pivotal align-
ment (“transformation”) stage. This holistic approach endows Teece’s framework 
with commendable breadth and comprehensiveness, setting it apart from frame-
works like Rogers’ (2003) “five attributes of innovation” model (relative advantage, 
complexity, compatibility, observability, and trialability) and the “five stages of the 
adoption process” (knowledge, persuasion, decision, implementation, and confirma-
tion), which primarily focus on innovation adoption decisions without giving due 
consideration to alignment requirements. 
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Furthermore, Geel’s (2002) MLP enables the expounding of different levels that 
can be involved in supply chain actors’ transition to Supply Chain 4.0, utilizing their 
dynamic capabilities. Accordingly, these actors – the Regime – with stable business 
trajectories seek to sense and seize suitable Supply Chain 4.0 technological solutions 
tailored by Niche developers (often outside the Regime’s boundaries) based on 
advanced technologies emerged in the landscape. Subsequently, Regime firms 
undergo an alignment to these seized solutions to unlock their full potential. This 
account, combining MLP and dynamic capabilities theoretical framework, potenti-
ally sheds light on the structure through which firms can import and align with the 
hitherto external technological resources to gain a competitive advantage. 

Furthermore, in the pursuit of the “transformation phase” within Teece’s dyna-
mic capabilities framework, this thesis further spotlights the theoretical concept of 
business-technology alignment from the domains of Information Technology 
Management and Information Systems. Business-technology alignment under-
scores establishing a symbiotic relationship between business practices and tech-
nology (Duffy, 2002, as cited in De Haes and Van Grembergen, 2009). This notion 
extends Teece’s emphasis on the firm’s alignment with technological solutions by 
positing that this alignment is bilateral. In essence, it encompasses two essential 
dimensions: aligning the business with technology and aligning technology with 
the business (Luftman, 2004). 

In short, the present thesis adopts Teece’s (2019) framework of dynamic capabi-
lities, MLP, and business-technology alignment as its theoretical underpinning. 
Specifically, this thesis postulates that the technological landscape introduces sweep-
ing technological evolution, engendering the so-called Supply Chain 4.0. To harness 
the potential of this technological landscape, Regime’s supply chains must adapt their 
dynamic capabilities. Within this overarching framework, the adaptation process 
encompasses the imperative to sense the opportunities (benefits) and threats (chal-
lenges) related to the transition toward Supply Chain 4.0; to seize the relevant trans-
formative technological solutions via Niche actors, and to orchestrate bilateral align-
ment, for the purpose of undergoing profound and sustained transformation. In this 
regard, Teece (2019) emphasizes the contextual nature of alignment processes, indi-
cating no universal mechanism for achieving alignment. To respond to this lacuna, 
this thesis instead focuses on identifying critical factors necessary for successful 
alignment in the context of the Supply Chain 4.0 transition. 

2.4 Intellectual synthesis and thesis framework 
The synthesis of pertinent literature serves as the foundation upon which this thesis 
builds its assumptions. According to this premise, Supply Chain 4.0 is delineated as 
the application of advanced technologies into the upstream and/or downstream tiers 
of the supply chain, extending beyond manufacturing boundaries, enabling the 
technological transformation in the way that supply chains work. This utilization of 
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advanced technologies within the supply chain context stems from advances in 
broader digitalization and the technological landscape. 

Drawing upon strategic management and MLP, this thesis perceives that the 
amalgamation of the Regime’s supply chain and the Niche technological solution 
provider (who tailor the solution, based on advanced technologies emerged in the 
landscape) shapes the supply chain as a strategic organization that pursues the 
transition to Supply Chain 4.0 and its technologies to enhance competitive advantage. 
In the context of this thesis, a supply chain, regarded as a strategic organization, is 
defined as a relatively enduring interfirm cooperative network contributing to the 
development process of raw materials into distributed products, leveraging tech-
nological resources from participants to pursue their goals. 

For transition to Supply Chain 4.0, Regime’s supply chains must adapt their 
dynamic capabilities. In pursuit of this objective, the present thesis employs Teece’s 
dynamic capabilities framework, which clusters these capabilities into three inter-
connected components: sensing, seizing, and transforming. 

This thesis enriches this account with a specific focus on the benefits, challenges, 
and critical factors associated with a transition to Supply Chain 4.0. This approach 
encompasses two levels of examination, namely the technology and the general, in 
response to the limited conceptualization of Supply Chain 4.0, attributed to its 
emerging nature, naturally fluid environment, and limited depth of analyses at the 
technology level. 

At the level of technology, the present thesis delves into the technologies’ benefits, 
challenges, and critical factors. To facilitate this exploration, twelve Supply Chain 4.0 
technologies are identified, with four deemed as base technologies (IoT, AI, CC, and 
BC) due to their pervasiveness, dynamism, and central role in shaping Supply Chain 
4.0. This thesis elaborates on the benefits, challenges, and critical factors of these 
twelve technologies, with a deeper analysis of the foundational quartet. 

At the general level, this thesis synthesizes insights derived from Supply Chain 4.0 
technologies, comparing them against the context of the case study and literature-
driven insights on general Supply Chain 4.0, bolstering the understanding of the 
subject in a more comprehensive manner and leading to the development of gene-
ralized benefits, challenges, and critical factors. 

This thesis, in particular, contributes to the “seizing” component by identifying 
twelve Supply Chain 4.0 technologies that the Regime’s supply chain should consider 
for deployment via technological solutions developed by Niche actors. Subsequently, 
the present thesis identifies benefits and challenges at the technology and general 
levels to facilitate the “sensing” phase. Ultimately, this thesis pinpoints critical factors 
at both the technology and general levels, necessary for the transformation of supply 
chains to harness the potential of Supply Chain 4.0. At the general level, these critical 
factors are categorized into three aspects based on the concept of business-technology 
alignment: those essential for aligning the Regime’s supply chain with the Niche 
technological solutions, those crucial for aligning Niche technological solutions with 

45 



  

  
 

 

 
 
 
 
 
 
 
 
 
 
 
 

TRANSITION TOWARDS SUPPLY CHAIN 4.0 

the Regime’s supply chain, and those vital for both Regime and Niche. Based on the 
statements above, the thesis framework is developed as follows: 

Figure 1: Thesis framework 

46 



 

 

 

 

 
 
 

 
 
 

 

 

 

 
 
 
 
 
 

3. Methodology 

This section presents the various methodological choices associated with this thesis. It 
commences with an overview of this thesis and the studies conducted. Next, it elucidates 
the rationale and methodological details for each study, followed by a table sum-
marizing the key elements. This section then delves into the applied thesis’ methodo-
logical approaches and considerations for ensuring research quality. Finally, it con-
cludes by addressing the ethical conduct employed throughout the research process. 

3.1 Methodological overview of the thesis 
The present thesis is devised to advance the Supply Chain 4.0 domain by investigating 
the benefits, challenges, and critical factors associated with transitioning to Supply 
Chain 4.0. The scope of this transition is mainly defined within the Niche-Regime 
interaction. 

The ontological stance of this thesis is primarily subjectivist, emphasizing that 
reality is developed through the perceptions and interpretations of individuals and 
groups, which can vary (Hudson and Ozanne, 1988; Don-Solomon and Eke, 2018). 
This means that the present thesis is based on the author’s interpretation of literature 
and empirical evidence, recognizing that it represents one perspective among many 
and not the single true facet of reality for the topic in question. In a subset of this 
thesis (see Study 4), a quantitative method is employed, aligning with objectivism 
(Antwi and Hamza, 2015), which asserts the existence of a single independent reality, 
irrespective of individual perceptions (Hudson and Ozanne, 1988). 

The combined application of objectivism and subjectivism aligns with the epis-
temological approach of this thesis: pragmatism. Historically, two of the founders of 
pragmatism are Charles Sanders Peirce and John Dewey. Peirce defined pragmatism 
as the belief system prioritizing concepts’ practical consequences as the fundamental 
elements for addressing reality (Peirce, 1905). Dewey (1908) extended this per-
spective by emphasizing that the practical consequences of ideas and actions should 
not only be evaluated in terms of immediate outcomes but also in their broader 
influence on the ongoing development of knowledge. Morgan (2007) has developed 
a pivotal piece of research on pragmatism in social sciences in the contemporary era. 
The article presents pragmatism with a focus on the practical utility of research 
methods, enabling researchers to embrace methodological pluralism, so that methods 
are chosen that best suit specific research questions and purposes rather than ad-
hering to a single philosophical position (e.g., objectivism and subjectivism). In line 
with pragmatism, this thesis serves as a practical guide for Regime’s supply chains 
that while hearing the echoes of Supply Chain 4.0, need a guiding index to embark 
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on such a transition. The present thesis seeks to offer tangible, real-world practical 
utility by providing a comprehensive framework and actionable insights. However, 
the aspirations extend beyond immediate practicality. This thesis envisions itself as a 
catalyst for ongoing discourse and refinement within the field of Supply Chain 4.0. 
Contributing a framework and practical guidance, it seeks to lay the foundation for 
future pertinent research development. 

Moreover, aligned with pragmatism, the present thesis employs a multimethod 
approach. In this thesis, four studies are included, comprising one systematic review 
(Study 1), two conceptual studies (Study 2 and Study 3), and one mixed method 
study (Study 4). Study 1 led to systematically investigating the available literature 
related to Supply Chain 4.0 and its technologies. The selection of literature extended 
to those papers that have been published even without using the term “Supply Chain 
4.0”, enabling a more comprehensive view of the literature domain in question. The 
insights obtained suggested several avenues for future research, some of which have 
guided the inclusion of further studies in this thesis. Specifically, the avenues that 
guided Studies 2, 3, and 4 suggest more scholarly efforts: A) on the complimentary 
impact of Supply Chain 4.0 technology with a legacy system (Study 2); B) on the 
interplay between quantum computers and Supply Chain 4.0 technologies (Study 3); 
and C) using a mixed-method approach to investigate Supply Chain 4.0 (Study 4). 

From the perspective of the Niche-Regime interaction, Studies 2, 3, and 4 
approach this interaction from three different angles: Study 2 explores the comple-
mentary impact of two technologies – one from the Niche’s context, specifically RFID 
(a subset of IoT), and one from the Regime’s context, ERP, a legacy system integral 
to Regime’s supply chains. Study 3 investigates the interplay of nascent technologies, 
particularly quantum computers, with the established Niche-Regime interaction – 
Regime’s supply chains that have already adopted Niche’s BC technology. Study 4 
presents an empirical case study of the interaction between a Niche actor, the AI-
based system developer, and the Regime’s supply chain, including the warehousing 
company and its ERP developer. 

Concerning the benefits, challenges, and critical factors associated with the 
transition to Supply Chain 4.0, Study 1, based on a systematic review, sheds light on 
this trio from the general Supply Chain 4.0 perspective and the perspective of eleven 
out of twelve technologies identified in this thesis. Study 4 addresses this trio with an 
empirical case, including a Supply Chain 4.0 solution on the general level and AI, SI, 
and CC on the technology level. The investigation of AI in this study fills the gap 
related to having excluded this technology from Study 1 (see subsection 3.2 for more 
details). Study 2 focuses on the benefits of RFID (a subset of IoT) when used in a  
complementary approach with ERP. Ultimately, Study 3 highlights a challenge and a 
critical factor related to the utilization of BC in supply chains, an important duo that 
has been largely neglected in the relevant literature. By this approach, all three 
research questions for this thesis are addressed with a focus on both general Supply 
Chain 4.0 and all twelve technologies, with four base ones elaborated more deeply. 
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3.2 Rationale and methodology for the studies 
The rationale and methodological details for each study are elucidated below. 

3.2.1 Study 1: A systematic literature review 
Study 1 is a systematic review synthesizing intellectual landscape of the relevant lite-
rature. It also specifically focuses on identifying the benefits, challenges, and critical 
factors associated with general Supply Chain 4.0 and eleven technologies: IoT, IoP, 
CC, BDTs, BC, AR, AU, RO, AM, SI, and ST. 

In Study 1, our approach to selecting technologies was guided by a rationale that 
involved splitting the broad concept of AI into its well-known sub-applications, such 
as RO and BDTs. This division was made because these sub-applications usually 
make use of AI properties. As Fenn and Time (2007) have highlighted, technologies 
can comprise several sub-concepts or sub-applications that find utility in different 
contexts. In line with this logic, AI is recognized as a dynamic technology with diverse 
sub-applications applicable to various processes and activities within the supply 
chain. The chosen approach was necessary for Study 1, since our investigation relied 
on secondary data sources with a narrowed focus on specific sub-concepts and sub-
applications of AI. Treating AI as a single technology could have resulted in over-
lapping with other technologies like BDTs and RO, potentially leading to their ex-
clusion from the study. However, we chose to avoid such exclusion because even 
though these technologies are often intertwined with AI applications, they can have 
distinct benefits, challenges, and critical factors. Therefore, in Study 1, we represented 
AI by its well-established sub-applications to ensure precision in our results. To 
complement the insights obtained in Study 1 regarding AI, Study 4 delves into a 
system with AI at its core. 

The systematic review in Study 1 was conducted meticulously, with clear docu-
mentation of each step in the process. We used Web of Science (WoS) and Business 
Source Premier (BSP) databases. The former provided valuable insights from the core 
discipline of Business Administration and other fields, such as Computer Science. At 
the same time, the latter focused exclusively on the Business Administration field, 
capturing relevant business and management articles not covered by the WoS 
database. We reviewed a total of 1510 abstracts and ultimately included 221 peer-
reviewed scientific articles in our final analysis. A thematic technique was employed 
to extract and categorize the benefits, challenges, and critical factors associated with 
Supply Chain 4.0 and its technologies under investigation. 

3.2.2 Study 2: A conceptual study on ERP and RFID in supply chain 
Study 2 focuses on the complementary utilization of RFID, a subset of IoT, with ERP 
systems, aiming to identify the supply chain benefits associated with their combined 
use. This investigation of technological implications in a complementary configu-
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ration complements Study 1, where technologies were explored separately from one 
another. 

The choice of RFID and ERP for this combinatory study is motivated by the fol-
lowing reasons: 

Both RFID and ERP are considered backbone technologies 

RFID is a subset of IoT (Fan et al., 2015; Fatorachian and Kazemi, 2021), regarded as 
the base technology in Supply Chain 4.0. ERP, on the other hand, plays a crucial role 
in integrating transactions across various business functions and processes (Mabert 
et al., 2001; Huang and Handfield, 2015), referred to as the “digital nervous system” 
for businesses (Kashyap, 2011). Given their pervasiveness, technological dynamism, 
and significant implications, this thesis argues that both ERP and RFID are backbone 
technologies in supply chains. While IoT, including RFID, is a key component of 
Supply Chain 4.0, other established technologies, such as ERP systems, are “indis-
pensable” for supply chains (Su and Yang, 2010). Therefore, the interaction between 
Supply Chain 4.0 technologies such as IoT, once employed, is almost imperative with 
ERP systems in supply chains, due to their pervasiveness and importance. Hence, the 
result of this interaction and its impact on supply chain is to be regarded as an 
interesting scholarly question. 

Both ERP and RFID, in isolation, have reasonably well-established bodies of 
knowledge regarding their impacts on supply chains 

These technologies have been reasonably studied in terms of their implications for 
supply chains, separately. RFID has a well-documented body of knowledge that ana-
lyzes its upsides and downsides within the context of supply chain (Musa and Dabo, 
2016). Similarly, various studies have investigated the implications of ERP for supply 
chains (e.g., Hwang and Min, 2015; Aziz et al., 2018). The long-standing status of the 
literature on these two technologies and the well-established knowledge about their 
individual behaviors and implications provide a solid foundation for studying their 
behavior in a complementary setting where RFID and ERP interact. Given the limited 
focus on the joint examination of supply chain, ERP, and RFID in previous literature, 
such research can contribute to the relevant domain. 

Furthermore, this thesis situates ERP and RFID within the contexts of Regime and 
Niche, respectively. In this regard, O’Leary (2009) has mapped the development of 
ERP technology within Gartner’s maturity cycle, asserting that ERP was an emerging 
technology in 1993, underwent adolescence throughout the 1990s, and reached a 
mature mainstream level by around 2005. In contrast, O’Leary (2009) characterizes 
RFID as an emerging technology in 2009. Recent perspectives support this classi-
fication, considering RFID an emerging technology with demonstrated applications 
in various scenarios (Ai et al., 2020; Agrahari and Varma, 2021). These observations 
affirm that ERP aligns with the Regime’s context, having been an established main-
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stream technology for nearly two decades. Conversely, RFID’s status as an emerging 
technology places it within the Niche’s context. 

The method employed in Study 2 is conceptual. According to Gilson and Goldberg 
(2015), a conceptual study focuses on establishing relationships between constructs 
associated with novelty, and expanding the scope for thinking, relying on logical 
arguments rather than empirical examination. This emphasis on “newness” distin-
guishes a conceptual study from a sole literature review, which primarily elaborates 
on the existing intellectual landscape of research (Gilson and Goldberg, 2015). Given 
the novel and hypernymic nature of Supply Chain 4.0, exploratory approaches are 
essential to uncover new perspectives within its incorporated subsets that are yet to 
be thoroughly discussed. In this context, a conceptual study is valuable for high-
lighting linkages among technologies and pushing the boundaries of current think-
ing. Using summarization and integration techniques (Jaakkola, 2020; MacInnis, 
2011), such studies facilitate the exploration of technological relationships within the 
supply chain context. Conceptual studies offer authors unique opportunities to 
advance the intellectual frontiers, as empirical data do not confine them. These pos-
sibilities align well with the domain of Supply Chain 4.0, which is currently in 
development. 

3.2.3 Study 3: A conceptual exploration of the quantum impact on 
blockchain-based supply chains 

Study 3 delves into the interaction between quantum computers, a nascent tech-
nology still in its embryonic stages of development, and BC, a base technology in 
Supply Chain 4.0. This study sheds light on how quantum computing can pose chal-
lenges to BC in supply chains (i.e., challenge) and explores the measures required to 
address this challenge (i.e., critical factor). Consequently, Study 3 reflects on the tech-
nological clash between quantum computers and BC while outlining a potential path 
to form quantum-resistant BC. 

Study 1 identifies various challenges and critical factors related to the technologies 
under consideration. However, there was a notable gap in addressing how different 
technologies might confront or clash with one another. This contrasts the comple-
mentary approach explored in Study 2, where technologies were examined in com-
bination to enhance supply chain benefits. In the context of clashing technologies, it 
is aimed at understanding how one technology may hinder or disrupt another. Fenn 
and Time (2007) state that before reaching maturity, emerging technologies can 
become obsolete with the advent of other technologies. 

An example is the case of Kodak, where the advent of digital cameras over-
shadowed traditional film cameras (for further information on the Kodak case, refer 
to Lucas and Goh, 2009). While the Kodak case involves two competing technologies, 
it offers valuable insights into how new technologies can challenge older ones and 
challenge the businesses invested in them. Study 3 seeks to provide a conceptual 
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exploration of technological clashes, specifically focusing on challenges and critical 
factors. 

Due to the emerging status of Supply Chain 4.0, challenges pertaining to its tech-
nologies are not comprehensively addressed. One of these technologies is BC, on 
which I exclusively focused in Study 3 from the pool of twelve technologies discussed 
earlier. The choice of proceeding with a single technology rather than all twelve can 
be motivated by the argument that a more in-depth understanding of the interplay of 
technologies and their potential conflicts can be achieved with a narrower focus. If I 
were to consider several technologies simultaneously, it might require multiple 
studies to cover them comprehensively, or the depth of analysis would be consider-
ably limited. In this regard, depth is prioritized over breadth to thoroughly explore 
one case and demonstrate the potential technological clash that could threaten Supply 
Chain 4.0 within an established Regime-Niche interaction. 

Furthermore, BC was selected from the pool of twelve technologies for this study, 
and the following reasons justify this choice: 

BC is a base technology of Supply Chain 4.0 

This thesis positions BC as a base technology of Supply Chain 4.0, supported by argu-
ments related to technological dynamism, pervasiveness, and importance, as elabo-
rated earlier. Literature also includes BC as one of the foundational technologies of 
Supply Chain 4.0 (see, for example, Sobb et al., 2020; Esmaeilian et al., 2020). 

BC is gaining in popularity but has yet to reach maturity 

BC is gaining in popularity across industries. Since BC implementation involves the 
transfer of supply chain data to the blocks of this technology, many businesses will 
eventually have a certain portion of their data (with varying levels of importance and 
sensitivity) transferred onto BC. Meanwhile, BC, as a technology, has yet to reach 
maturity and retains certain unresolved downsides that can create issues for busi-
nesses (Manners-Bell and Lyon, 2019; Van Hoek et al., 2019). 

Regarding BC’s maturity, the “Hype Cycle” model is a useful tool for further 
exploration (see Fenn and Time (2007) for more information on the five stages of the 
hype cycle). Examining Gartner’s BC hype cycle in 2021 (see Litan, 2021), it becomes 
noticeable that BC has not matured in most aspects. Nevertheless, the hype sur-
rounding the technology has led many businesses and supply chains to adopt it and 
utilize it for various data types. Therefore, further research into the downsides of BC 
is necessary to strike a balance between hype and a realistic assessment of this tech-
nology. Given that quantum computers can potentially impact the “security by 
design” characteristic of BC, they can directly affect the security of the data that busi-
nesses and supply chains store on this technology (for further information, refer to 
Paper 3). Therefore, elucidating the interplay between quantum computers and BC, 
including potential threats and solutions, is essential for businesses harnessing BC. 
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There is a limited scholarly focus on the relationship between blockchain 
and quantum computers within supply chain literature 

In Study 1, we identified challenges and critical factors related to BC based on a review 
of the supply chain literature. However, discussions were largely absent regarding the 
threat posed by quantum computers (i.e., the challenge) and the quantum-resistant 
BC (i.e., the critical factor). While discussions on the relationship between quantum 
computers and BC already exist (e.g., Gheorghiu et al., 2017; Campbell, 2019; 
Fernández-Caramès and Fraga-Lamas, 2020), none of these discussions incorporate 
the supply chain perspective. Since supply chain is a significant arena for BC imple-
mentation, introducing this discourse into the supply chain domain holds con-
siderable importance, and Study 3 aims to fulfill this purpose. 

From a methodological standpoint, this study is conceptual. It is underpinned by 
a vast literature review supporting this study’s arguments. Summarization and inte-
gration techniques are used to develop conceptual analyses (Jaakkola, 2020; 
MacInnis, 2011). In this regard, the relevant literature on BC, its role in the supply 
chain, its security primitives, and quantum computers are elaborated upon. Sub-
sequently, within the frame of the study, these elaborated concepts are integrated to 
address the study’s research question. Since quantum computers are a novel tech-
nology developed only to a limited extent, gaining access to insightful empirical 
material would be challenging. Therefore, secondary data from scientific sources are 
useful tools to support this research focus within the context of supply chain. 

3.2.4 Study 4: A mixed method case study of a transition  
to Supply Chain 4.0: insights from a Turkish warehouse 

Study 4 is the empirical showcase of the transition to Supply Chain 4.0. The design of 
the case study is divided into four segments: 1) initial phase; 2) preparation for data 
collection; 3) data collection; 4) data analyses. To develop the case study, Yin (2018) 
served as a central reference point for developing the initial phase, preparing for data 
collection, and collecting the relevant data. Data analyses were guided by analytical 
approaches such as Gioia and statistical analyses. 

Initial phase 

The initial phase commenced with establishing the rationale for utilizing a case study 
methodology in Study 4 of the thesis. Building upon the literature-driven insights 
derived from Studies 1 to 3, which explored the benefits, challenges, and critical 
factors associated with Supply Chain 4.0 and its technologies, the empirical findings 
from Study 4 aimed to complement these literature-driven insights, focusing on a 
real-world case of Supply Chain 4.0 transition. Given the unique contextual elements 
inherent in each transition case, the case study methodology was deemed appropriate 
for incorporating these contextual considerations (Gummesson, 2017; Yin, 2018). 

53 



  

 
 
 
 
 
 

 

 
 

 
 

 
 
 

 
  

 
    

  
   
    

 
  

   
  

 
 
 
 

TRANSITION TOWARDS SUPPLY CHAIN 4.0 

Following the selection of the case study method, the subsequent task involved 
reviewing the literature and formulating research questions – a conventional starting 
point in case study design (Yin, 2018). This literature review highlighted the ware-
housing’s picking activity and an AI-centered Supply Chain 4.0 solution as signaling 
key elements to be incorporated into the design of the research questions. 

The choice of a technological solution centered on AI has been motivated by the 
following reasons. First, AI stands out as one of the Supply Chain 4.0 technologies, 
offering significant promises for supply chains. Second, alongside the benefits, there 
exists a multitude of challenges in practice that have the potential to impede AI’s 
benefits for businesses (Zhang et al., 2021). Third, the intended enhancements 
propelled by AI have frequently remained unrealized due to a lack of comprehension 
regarding the management of AI and its alignment with other applications (Zhang et 
al., 2021). According to a report, 85% of AI projects failed to deliver the anticipated 
benefits for businesses (Rayome, 2019). Fourth, the exploration of use cases for AI 
and advanced technologies within the warehouse context, overall, has not received 
sufficient attention in research (Mahroof, 2019; Custodio and Machado, 2020). In a 
similar vein, the preparedness of warehouses to adopt AI represents a notably 
important area that remains largely overlooked (Mahroof, 2019). Lastly, Study 4 was 
set to complement the insights obtained in Study 1, delving into a system with AI at 
its core. 

This choice of warehousing process has been driven by the reasons outlined below. 
With the advent of advanced digitalization and Industry 4.0, warehousing has gained 
significant importance within the supply chain. Voss (2021) suggests that the growth in 
product customization under the Industry 4.0 era, along with potential rapid demand 
fluctuations due to various reasons (e.g., celebrity endorsements leading to increased 
demand for specific products), has increased the complexity and required efforts for 
tasks such as picking, packing, shipment, and resource management in warehouses. 
Consequently, warehouse tasks have expanded, and the management of resources (time 
and labor) has intensified to improve supply chain efficiency (Voss, 2021). In such a 
situation, supply chain warehousing must become more efficient and responsive due to 
the increasing complexity of the process. Order picking is a major activity in ware-
housing, accounting for a significant portion of the warehouse’s total operating cost, 
ranging from 35% to 75%; inefficiency in this respect can have a crucial impact on the 
entire supply chain (Coyle et al., 1996; de Koster et al., 2007; Richards, 2017; Stević et 
al., 2022). Therefore, investigating the potential improvements in efficiency and 
resource management in the picking activity of warehouses is vital to address the esca-
lating complexity of this supply chain process in the digital era. 

Based on the foregoing arguments, three research questions were formulated 
(please refer to Paper 4). Having established these questions, the subsequent task 
involved determining whether to pursue a study of a single case or multiple cases. 
The decision to adopt a single-case study approach was predicated on the aim of 
conducting an in-depth investigation of a singular case. This approach facilitates the 
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exploration of intricate nuances and complexities associated with the implementation 
of an AI-based technological solution within a specific warehouse context, thereby 
yielding profound insights that might elude a broader, multi-case investigation. 
Furthermore, concentrating on a single case amplifies the capacity to conduct 
thorough analyses and develop targeted insights tailored to a distinctive real-case sce-
nario. However, there are also limitations with any single case study. These limita-
tions are touched upon further in this thesis (please refer to sub-section 3.5). 

Next, a warehouse was aimed to be selected in Turkey. Several motivating 
elements were involved in this selection. This thesis is funded by “The Foundation 
for Baltic and East European Studies” (BEES). Hence, the relevance to Baltic and 
Eastern Europe is necessary in developing the thesis. In this regard, Turkey is among 
the countries listed in this geographical area (The Foundation for Baltic and East 
European Studies, n.d.). Also, Turkey’s strategic geographical positioning, acting as a 
bridge between Europe, Asia, and the Middle East, renders it a crucial hub for 
international trade and logistics (Özdemir, 2010; Acar et al., 2015; Acar et al., 2020). 
Given the country’s favorable geographic location and its role as a gateway to diverse 
markets, there is an increasing need to adopt advanced technologies to optimize 
warehouse operations and bolster competitiveness (Saatçioğlu et al., 2009; Erol et al., 
2021). The rising demand for efficient and precise order fulfillment processes 
underscores the importance of implementing AI technologies into warehouse 
operations (Cergibozan and Tasan, 2022). The Turkish government has actively 
encouraged the digitalization of industries, including logistics, through various 
initiatives and incentives (Duman and Akdemir, 2021). However, Turkey has demon-
strated modest progress in transitioning to advanced technologies and Industry 4.0 
(Izmen et al., 2020). Therefore, examining the benefits, challenges, and critical suc-
cess factors associated with an AI-based technological system in a Turkish warehouse 
aligns with the current state and characteristics of the Turkish context and its journey 
toward advanced technologies. 

With the case criteria determined, Sienzi Lojistik Antrepo ve Dış Tic. Ltd. Şti. 
(referred to as Sienzi hereafter), a well-established company in the field of ware-
housing and logistics in Turkey, has been selected as the focal warehouse for further 
investigation (Please refer to Paper 4 for more information on Sienzi). This selection 
is also motivated by the willingness of Sienzi for collaboration with the research team, 
since searching for a willing candidate proved difficult due to the case study research 
process coinciding with the COVID pandemic. Sienzi embarked on a technological 
transition journey through an outsourcing arrangement with a Swedish microser-
vices company called Kairos Logic AB (hereafter referred to as Kairos). This transi-
tion involves Kairos, a niche actor, and the regime’s supply chain. In this case, the 
scope of the regime’s supply chain aligns with Mentzer et al.’s (2001) concept of a 
“direct supply chain”, which encompasses Sienzi specialized in the storage of supplied 
automotive components, its suppliers, the ERP developer for the warehouse (Select 
Bilişim Hizmetleri AŞ, referred to as Select hereafter), the distributor, and the 
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customers who place orders. Active participants from the regime in this transition 
include Sienzi and Select. 

Kairos is the developer of a technological solution centered on AI (referred to as 
the AI-based system) utilized to improve the order picking activity, primarily through 
the optimization of pick routing. In essence, customers place their orders with Sienzi, 
which, through Select’s ERP system, transmits these orders to Kairos. Subsequently, 
Kairos utilizes the AI-based system to develop batch solutions in almost real-time, 
aimed at optimizing routing, thereby reducing travel time and distance in the picking 
activity. 

The AI-based system integrates two base technologies of Supply Chain 4.0: AI and 
CC. Also, in the pre-implementation phase, SI is utilized to create a digital twin of the 
warehouse based on its layout and other relevant information, which is vital for the 
system’s functioning. SI also plays a role in conducting part of the quantitative 
analyses for Study 4. 

Preparation for data collection 

In preparation for data collection, the recommendations outlined by Yin (2018) were 
considered. This involved ensuring that investigators possessed the necessary skills, 
underwent training specific to the case study, and developed a protocol. Investigators 
approached data collection with a focus on particular skills, such as being good 
listeners, asking insightful questions, adapting to unforeseen circumstances, and 
gaining a thorough understanding of the case. Each investigator has been trained to 
operate independently, avoiding a rigid formula for inquiry guidance, contributing 
individually to team discussions for protocol drafting, and making intelligent deci-
sions during data collection process (Yin, 2018). The research team placed a strong 
emphasis on addressing ethical considerations, resulting in obtaining consent for 
participation and data sharing before the data collection, as well as confirming con-
fidentiality with case actors afterward (Gregory, 2003). 

Regarding protocol development, Yin’s four sections were taken into account. 
Firstly, an overview of the case study was documented, including background infor-
mation, research questions, rationale, and objectives. Secondly, the roles of interviewees 
and expected evidence were discussed. Thirdly, questions were designed in accordance 
with relevant literature (please refer to Paper 4 for more details), linked to the likely 
source of evidence, and aimed to guide the investigator to remain on track during the 
data collection. Lastly, the selection of the target journal was considered. 
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3. METHODOLOGY 

Data collection 

After the preparation phase, data collection commenced. Data were gathered from 
Kairos, Sienzi, and Select through various sources, including eleven semi-structured 
interviews (9 solo and 2 panel interviews), measurements of order picking, direct 
observation by two members of the research team at the warehouse site, seven meet-
ings, and communications via WhatsApp and email. Additionally, Kairos provided 
supplementary documents to offer further insights. This approach aligns with Yin’s 
(2018) principle of collecting data from multiple sources. Furthermore, other data 
collection principles outlined by Yin (2018) regarding the development of the case 
study database and the maintenance of a chain of evidence were taken into account. 
The case study database, comprising data and the researchers’ report, was developed, 
and efforts were made to maintain a clear chain of evidence by highlighting key 
sections of transcribed text and extracting narrative materials from the database, in 
line with the questions (Yin, 2018). 

Data analyses 

The data collection aims to examine the trio of benefits, challenges, and critical 
factors on both general and technological levels. On the general level, this trio is 
analyzed regarding the AI-based system as a whole. It targeted to investigate the 
benefits of the warehousing process due to the implementation of the AI-based 
system. Additionally, it was targeted to examine the challenges and critical factors 
that arose during the transition. On the technology level, the focus on the trio 
narrows down to AI, CC, and SI. 

The examined data of benefits, challenges, and critical factors at the general level 
is reported in Paper 4. The remaining data was utilized in Study 4, outside of Paper 
4, where additional facets of the examination at the general level are explored, along 
with the examination of the trio at the technology level for AI, CC, and SI. Thematic 
analyses were employed to explore the benefits, challenges, and critical factors 
associated with these three technologies. 

The examined data in Paper 4 are based on three distinct modes: single order-
based pick rounds, order batching, and batch-tunnel optimization. The baseline 
method consists of single order-based pick rounds, involving the initiation from the 
collection point, followed by item retrieval from shelves for a single order, and 
concluding with the return of the electrically powered reach truck forklift to the 
starting point. The order batching mode involves batching the individual orders 
through the AI-based system to achieve targeted enhancements. The general inves-
tigation examines the benefits, challenges, and critical factors in a comparative 
framework between these two modes, where the former lacks the AI-based system, 
and the latter incorporates it. In other words, we discerned the resulting benefits 
stemming from AI-enabled order batching, compared to the conventional single-
order picking method used in the warehouse before introducing the AI-based system. 
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TRANSITION TOWARDS SUPPLY CHAIN 4.0 

Likewise, we identified challenges and critical factors linked to this transition. Within 
the batch-tunnel optimization mode, SI techniques were employed to assess the 
potential reduction in travel distance achievable by introducing a hypothetical tunnel 
to the warehouse layout. 

Paper 4 utilizes a combination of quantitative and qualitative methods. A quan-
titative approach was adopted, deploying statistical analyses to triangulate results 
about travel distance and time. Additionally, we evaluated the potential further 
reduction in distance by simulating the hypothetical tunnel. The quantitative data 
resulted from measurements, comparing aggregated time and distance between 
single order-based pick rounds and order batching modes. The comparison results 
were subjected to statistical testing to determine their significance. The two-sample 
Kolmogorov-Smirnov test revealed deviations from normal distribution for distance 
and time variables. 

Furthermore, the Mann–Whitney U test, serving as the nonparametric counter-
part of the t-test for two independent samples, was employed to compare the order 
picking and batch optimization groups. The simulation was conducted using soft-
ware developed by Kairos. The simulation process relied on the digital twin of the 
warehouse, with two simulations performed: one incorporating the tunnel and one 
without. Distance measurements were taken for single order-based pick rounds and 
order batching modes in both scenarios. The resultant batch-driven travel distance in 
the presence of the tunnel was contrasted with that in its absence, revealing the 
potential additional distance reduction achievable with the tunnel’s implementation. 
A qualitative approach was employed to bolster the research’s comprehensiveness. 
This qualitative component corroborated findings on travel distance and time while 
identifying other benefits, challenges, and critical factors. In paper 4, leveraging data 
structuring techniques, the Gioia approach was adopted to present the qualitative 
thematic analysis process transparently. The process commenced with extracting “1st 
order concepts” from raw interview data, which were subsequently refined into “2nd 
order themes” based on their relevance and characteristics. These themes were 
further synthesized into “aggregate dimensions”, encapsulating benefits, challenges, 
and critical factors.  

The overview of the studies is provided in Table 4. 
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3.3 Research approach  
According to Babbie (2009), social research serves three common purposes: explo-
ration, description, and explanation. Exploratory research is well-suited for novel 
phenomena and, as the name implies, aims to explore the subject; descriptive research 
seeks to observe the phenomenon and then provide a detailed account of what has 
been observed; explanatory research delves into the underlying reasons or causal 
relationships that explain the observed phenomenon (Babbie, 2009). 

This thesis is primarily centered on an exploratory approach. While certain Supply 
Chain 4.0 technologies, such as AM, ST, and SI, emerged before the coinage of 
Industry 4.0 in 2011, the subject of Supply Chain 4.0 itself is just emerging, limited in 
conceptualization, and has a long journey ahead. Hence, it is only natural to adopt an 
exploratory approach, since much “exploration” is required in this thesis for perti-
nent investigations. The applied exploratory approach expresses the possibility of 
liberal reasoning on which the foundations of this thesis are built, enabling to advance 
the frontlines in the Supply Chain 4.0 research domain. The fragmented domain of 
Supply Chain 4.0 can take a step closer to maturity through exploration. 

Next, research is primarily built on three main forms of reasoning: induction, 
deduction, and abduction (Mantere and Ketokivi, 2013). Inductive reasoning 
approach is characterized by generalizing from particular observations or evidence 
(Locke, 2007). Thomas (2006) states that the inductive approach consists of a method 
in which concepts, themes, or a model are developed primarily through the inter-
pretation of data by a researcher. The deductive approach involves making specific 
conclusions based on general premises through a logical system (Samuels, 2000; 
Babbie, 2009; Saunders et al., 2019). Deductive analysis refers to data analyses that set 
out to test whether data are consistent with prior assumptions, theories, or hypotheses 
identified or constructed by an investigator (Thomas, 2006, p. 238). The abductive 
approach involves induction and deduction; it encompasses making plausible state-
ments or educated guesses to explain observed phenomena or evidence (Samuels, 
2000; Kovács and Spens, 2005). The abductive approach allows for making gene-
ralizations by focusing on the individualities of particular situations – i.e., which 
aspects are specific to the situation, and which are expandable to a broader context, 
depending on the researcher’s knowledge base and past experiences (Kovács and 
Spens, 2005). Abductive reasoning is underpinned by pragmatism (Morgan, 2007; 
Shepherd and Sutcliffe, 2011). It can be seen as an approach that emphasizes sys-
tematized creativity in research for knowledge building (Kovács and Spens, 2005). 

The present thesis is to be considered as a form of abductive reasoning, combining 
elements of induction and deduction. Inductive reasoning is employed to develop the 
theoretical framework by merging dynamic capabilities, MLP, and business-tech-
nology alignment. Inductive reasoning is also used to identify themes related to 
benefits, challenges, and critical factors, through data analysis from the empirical 
evidence and literature. Deductive reasoning is applied by narrowing the theoretical 
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framework into the specific context of Supply Chain 4.0, detailing it with insights into 
benefits, challenges, and critical factors. Plausible statements are also incorporated 
into the thesis to drive the underpinning logic of the research forward and to develop 
the insights targeted in this thesis. The conceptual development of the thesis is driven 
by systematized creativity for knowledge building. While certain insights are placed 
into specific situations, such as contextualized benefits, challenges, and critical factors 
for Turkey, others are offered for the broader spectrum of supply chains, expanding 
beyond Turkey. 

3.4 Thesis analytical approach 
This thesis synthesizes the findings from Studies 1 to 4 into two analytical modules. 
The first module discusses the trio of benefits, challenges, and critical factors for the 
twelve Supply Chain 4.0 technologies. This module culminates in the development of 
Table 5 (Please refer to the “synthesis and discussions” section), which compiles all 
insights into the trio derived from the studies for all the technologies under con-
sideration. 

The second module focuses on identifying and elaborating on the trio at the 
general Supply Chain 4.0 level. This module begins by synthesizing insights into the 
Regime-Niche interaction based on the studies. It then delves into identifying themes 
for the trio by combining insights from the technology level discussed in Module 1 
with literature-driven insights for general Supply Chain 4.0 from Study 1. It also 
incorporates insights related to the AI-based system from Study 4. Afterward, the 
thesis integrative framework is developed, drawing upon the insights generated in the 
first and second modules. This framework integrates the synthesized themes and 
findings, providing a comprehensive view of the transition to Supply Chain 4.0 in 
relation to the aspects in question. Ultimately, the identified themes related to the trio 
at the general level and in Study 4 are further examined within the context of Turkey, 
supported by the relevant literature. This examination helps contextualize the 
findings and their relevance to the Turkish environment.  

The logic behind the thesis’ analytical procedure is illustrated in Figure 2 as 
follows: 
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Figure 2: The logic of the thesis’ analytical procedure 

3.5 Research quality 
Regarding the systematic literature review, Denyer and Tranfield’s (2009) four 
principles have been applied to enhance research quality. First, an explicit review pro-
cess documentation has been provided to ensure transparency. Second, a wide range 
of relevant literature from two databases has been reviewed to generate compre-
hensive insights contributing to practice and literature, aligning with the principle of 
inclusivity. Third, the synthesis has extended beyond the description of evidence, 
combining elements of reinterpretation while striving to maintain the integrity of the 
sources to produce novel results. Fourth, the holistic approach of the systematic 
review equips the results with generalizability to different supply chain contexts and 
adheres to the heuristic principle. Denyer and Tranfield (2009, p. 681) discussed that 
heuristic output often guides practitioners in making progress toward a solution of a 
problem rather than providing a detailed solution to a specific problem. They consider 
this approach more consistent with management and organization studies due to the 
complexity and diversity of contextual settings. Heuristic rules will almost always 
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require the application of informal judgement or experience to contextualize action 
(Denyer and Tranfield, 2009, p. 681). 

According to Jaakkola (2020), the quality of conceptual studies depends on 
conceptual clarity, simplicity, logical coherence, and the structure of the study. In this 
regard, two conceptual studies in this thesis align with these elements. The concepts 
employed in both studies (RFID, ERP, and supply chain management in one study, 
and BC, supply chain, and quantum computers in another) have been elaborated, 
combined with logical straightforwardness and consistency in relation to the studies’ 
questions. The logic is designed to fit well into their respective study’s structure, 
where research questions are problematized, and concepts are elaborated to provide 
answers. 

Furthermore, in line with Creswell’s (2014) validity assessment strategies, “peer 
debriefing” was applied to both conceptual studies, involving external reviewers in 
the study review process. Additionally, “discrepant information” was included in the 
conceptual studies to represent distinct perspectives, and “thick descriptions” were 
aimed at formulating the findings (Creswell, 2014). A substantial amount of secon-
dary data was cited and utilized to thoroughly explore the concepts and establish well-
grounded arguments in alignment with the research focus. In this regard, recom-
mendations from Cropanzano (2009) were also considered. Accordingly, the con-
ceptual studies were conducted within domains lacking clear conceptualization, and 
the connections between constructs (e.g., BC and quantum computers) were carefully 
established with a strong reliance on existing literature and well-informed arguments 
(see Cropanzano, 2009). 

Study 4 comprises both quantitative and qualitative results. Credibility, confirm-
ability, dependability, and transferability were established regarding the qualitative 
approach to ensure that the research maintains high quality. Credibility, similar to 
internal validity, following guidelines by Guba (1981) and Merriam (1998), ensures 
our instruments accurately measure intended variables, and that results reflect per-
ceived reality. Qualitative and quantitative methods were employed for data col-
lection to develop credibility, with contacts established with the case company before 
gathering data. “Traveling distance and time reduction” is among the identified 
benefits measured qualitatively and quantitatively to validate relevant findings. This 
triangulation confirms the reduction, thereby reinforcing the accuracy of the results. 
Participant honesty was ensured by selecting genuinely interested individuals and 
employing iterative questioning. Regular debriefings with the case company were also 
conducted to clarify misunderstandings and reduce bias. Interview questions derived 
from existing literature and expert review further secured data credibility. Parti-
cipants then verified their responses, a crucial step for maintaining study credibility 
(Guba and Lincoln, 1989). 

Confirmability addresses concerns regarding the researcher’s biases or predis-
positions by ensuring that findings are rooted in the perspectives of the participants 
and the provided data (Guba, 1981). Using data source triangulation and the Gioia 
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approach, rather than imposing the researcher’s interpretations, facilitated a trans-
parent presentation of the respondents’ perspectives. Data source triangulation of 
actors (Kairos, Select, and Sienzi) provided different angles and insights, improving 
confirmability. Moreover, the limitations of the data collection and analysis methods 
were evaluated and reported to ensure the confirmability of the research findings 
further. 

Dependability, resembling reliability, assesses whether a study’s findings would be 
consistent if the research were replicated within the same context and methods 
(Guba, 1981; Babbie, 2009; Oghazi, 2009). To assure dependability in Study 4, the 
case study design, including methodological choices, was described to facilitate 
understanding and to ensure reliable findings and replicable results under similar 
conditions. The data collection and analysis processes were carefully documented, 
with the aim of reproducibility. With its transparent analytical approach, the Gioia 
method provided a chain of evidence from raw data to drawn results, facilitating 
others in replicating the study, thereby strengthening the dependability of the study. 
Likewise, adherence to the principle of dependability is evident in Study 1 where each 
step taken during the systematic review is meticulously outlined to facilitate the rep-
lication of findings. However, it is important to acknowledge that the primary limi-
tation concerning the dependability of this thesis is associated with two conceptual 
studies, both of which may need more robust replication power. This limitation is 
duly recognized and serves the purpose of addressing specific contributions that 
could potentially encounter challenges within alternative methodological and struc-
tural contexts. 

Transferability, akin to external validity, refers to the extent to which a study’s 
results can be generalized to other contexts (Merriam, 1998). Studies 1, 2, and 3 
encompass more generalizable results than Study 4, partly because of the holistic 
supply chain perspective employed in them. In Studies 1, 2, and 3, the holistic view 
enables a broader investigation of supply chains without being restricted to a specific 
scope of supply chain relationships. Also, the results in these three studies are derived 
from various secondary sources gathered from diverse disciplines, contributing to the 
comprehensive development of insights that target a diversified and expanded 
spectrum of interests. Study 4, conversely, is a single case study centered on a specific 
scope of relationships, which inherently limits its generalizability into different 
supply chain setups. The single case study design cannot be effortlessly generalized to 
a broader population of similar cases despite enabling an in-depth understanding of 
a specific case. 

Consequently, Study 4 offers more detailed and context-specific insights instead 
of widely generalizable results, similar to those in Studies 1, 2, and 3. Nonetheless, 
following Firestone (1993) and Lincoln and Guba (1985), transferability was en-
hanced by providing detailed descriptions of the case study design, Gioia approach, 
statistical analyses, and the identities of organizations and individuals involved, 
enabling application to other contexts. Additionally, the number of organizations 
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involved, their locations, participant numbers, data collection methods, and duration 
of interview sessions were reported, allowing other researchers to determine the 
applicability of the findings to different contexts (Cole and Gardner, 1979; Marchio-
nini and Teague, 1987). 

Furthermore, Study 4 employs statistical evaluation of quantitative measures 
through tests. These evaluations assess the significance of differences concerning 
travel time and distance. A p-value below 0.05 is indicative of statistical significance. 
It is observed that the reduction in distance demonstrates statistical significance (p = 
0.001), while the reduction in travel time falls just short of statistical significance (p = 
0.056). However, it is essential to note that the lack of statistical significance in the 
reduction of travel time does not diminish the significance of the findings. This is 
particularly relevant because time and distance are closely interconnected variables, 
and the p-value for the travel time reduction remains close to the alpha level. The 
significant outcomes observed add to the potential replicability of the study. 

The entirety of the intellectual foundation of this thesis has been crafted through 
an extensive examination of pertinent literature and empirical evidence. An 
important objective is to provide comprehensive documentation of the underlying 
rationale and assumptions that have guided the development of this thesis. The 
creation of Table 5 and Figure 2 establishes transparency in the process of generating 
analytical insights. By synthesizing insights derived from diverse sources, including 
the systematic literature review, the conceptual studies, and the case study, this 
research endeavors to support the credibility of its findings. The amalgamation of 
data from multiple sources substantiates the trustworthiness of the thesis’ outcomes. 
The transparent and methodical approach was employed to synthesize these insights 
and their subsequent integration into an integrative framework, amplifying the 
dependability and trustworthiness of this research endeavor. Through the synthesis 
of analyses and discussions from all four studies, the limitation in generalizability 
found in Study 4 is reasonably addressed when considering the developed themes for 
the thesis. 

3.6 Ethical considerations  
One of the key components of any research is the consideration of ethical principles 
during its development. In this regard, Pimple (2002) emphasizes the importance of 
being true, fair, and wise as three essential ethical aspects in conducting a study. The 
following paragraph further explains these three aspects (Pimple, 2002). 

Being true involves ensuring that the data collected are reliable and not fabricated 
or falsified. Being fair focuses on authorship, plagiarism, informed consent from 
human and animal subjects, and the relationship between researchers and funding 
sources. Being wise entails considering the implications of the research on society. It 
involves assessing whether the research will contribute to or harm humanity and the 
world. 
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Based on the statements above, this thesis strives for being true by reading all cited 
literature carefully, aiming to ensure that rephrased or directly quoted text accurately 
reflects the relevant text of the author(s) in the cited literature. In addition, after the 
collection and related analyses of the empirical data, results were shared with the case 
study actors to ensure that findings maintained consistency with what was aimed to 
be given as the input by them. 

Furthermore, this thesis attempts to be fair by ensuring that the data obtained 
from the literature are appropriately cited in text with full references available in the 
reference list. The case study actors have each signed a consent letter for participation 
in the research (templates of consent letters are available in the appendix). Based on 
the actor’s request, a non-disclosure agreement (NDA) has been signed with one of 
the actors involved in the case study. The sharing of results with the case study actors, 
following the analysis of empirical data, also safeguards confidentiality. The author-
ship of the papers and the order of the authors are determined with the approval of 
those involved. The case study is based in Turkey, a country within the geographic 
area identified by the research funder as a necessary condition for funding (The 
Foundation for Baltic and East European Studies, n.d.). 

Lastly, wisdom has been the central consideration of this thesis. In this regard, the 
employed perspectives and implications elaborated in this thesis intend to provide 
information on how this piece of research has set out to support the world. Note-
worthy here is the question regarding the trajectory that some have depicted in 
relation to nearly full automation of supply chains as the horizon of transition to 
Supply Chain 4.0, which can significantly reduce the human roles with potentially 
exacerbated consequences for low-skilled labor (Frey and Osborne, 2017; Ghobakh-
loo and Fathi, 2019). 
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4. Summary of papers’ results 

This section presents a summary of the key results from each of the four papers in this 
thesis. Papers 1, 2, and 3 fully present the Studies 1, 2, and 3, respectively. Paper 4 covers 
a part of Study 4. The remaining findings from Study 4 are discussed within the thesis 
itself, but not included in Paper 4. 

4.1 Paper 1: “Industry 4.0 and supply chain performance: A 
systematic literature review of the benefits, challenges, and 

critical success factors of 11 core technologies”  
This paper investigates the literature status of an established body of knowledge on 
Supply Chain 4.0 and seeks to identify the pertinent benefits, challenges, and critical 
factors. First, the literature status of Supply Chain 4.0 is elaborated in terms of the 
distribution of 221 included papers by year of publication, methodology, journal of 
publication, and Industry 4.0 in supply chain (Supply Chain 4.0), along with eleven 
technologies incorporated in this paper. 

Findings demonstrate that relevant articles emerged over a span of 16 years, from 
2005 to 2021 (refer to Figure 3 in Paper 1). Notably, 166 papers (out of 221) were 
published in the most recent four years alone, surpassing the combined number of 
papers published in all preceding years. This suggests a growing academic interest in 
the subject in recent times. Additionally, the findings indicate that some pertinent 
technologies emerged and developed before the inception of Industry 4.0 itself. 
During the early years, papers focused predominantly on technologies such as SI. 
This outcome suggests that these early technological developments gradually contri-
buted to the emergence of what is now referred to as Industry 4.0, a term formally 
coined in 2011. In other words, technological advancements over time evolved into a 
technology-driven revolution. 

Next, 221 relevant papers have been published across more than 120 different 
journals, illustrating the dispersed nature of this subject within academia. This dis-
persion in publication channels can be attributed to the multi-disciplinary character 
of Supply Chain 4.0, which often leads scholars to submit their work to journals with 
diverse foci. The journal with the most publications is the “International Journal of 
Production Research” which has published 21 out of the 221 included papers. 
Followed by the “Production Planning & Control” journal, ranking second with 8 
papers. For more detailed information, please refer to Table 2 in Paper 1. 

Moreover, findings reveal that the empirical method is the dominant approach 
among all reviewed studies. Papers that employed the empirical method account for 
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more than half of all included papers. The rest of the papers adopted systematic 
review, conceptual, and mixed method approaches (see Figure 4 in Paper 1). 

Furthermore, Figure 5 in Paper 1 demonstrates the distribution of papers by 
eleven accounted technologies and general Industry 4.0 in supply chain (Supply 
Chain 4.0). In this regard, findings show that IoT is the most researched technology 
followed by BC and AM. Conversely, IoP is the least explored technology followed by 
ST and AR at the bottom of the list. General Industry 4.0 in supply chain comes after 
IoT, as the second most explored item in the list. Notwithstanding this, under-
researched subareas remain, even within the domain of rather more studied tech-
nologies. 

Next, Paper 1 sheds light on the benefits, challenges, and critical factors associated 
with Industry 4.0 and eleven accounted technologies in supply chains. Table 3 in 
Paper 1 depicts all these benefits, challenges, and critical factors. The most common 
benefits were integration and optimization, while the most prevalent challenges were 
centered on cost and human resource issues. Lastly, the most prevalent critical factors 
were alignment and managerial support. 

More specifically, the benefit of “integration” manifests as improvements in infor-
mation flow and new possibilities for actors’ joint operations. “Optimization” benefit 
refers to improved supply chain processes performances in terms of efficiency, 
quality, speed etc. Concerning challenges, “cost” mainly relates to high investment 
requirements for technology acquisition and infrastructure development. And 
“human resources” challenge is about difficulties of gaining access to relevant 
specialized skillsets. Ultimately, business-supply chain-technology “alignment” of 
goals, needs, and strategies is a critical factor. And the “support of management and 
strategic decision makers” is of significance for the success of Supply Chain 4.0. 

Paper 1 offers valuable insights into potential avenues for future research within 
this field (see Table 4 in Paper 1). The paper indicates that benefits have received 
more attention than challenges and critical factors, potentially leaving practical gaps 
in our understanding of the subject. Therefore, one recommended area for future 
research involves the further exploration of challenges and critical factors. However, 
given constant technological advances, continued exploration of benefits remains 
important. 

The findings also reveal an imbalance in the depth of scientific discussions across 
the eleven technologies, with some receiving more attention than others. Even the 
more explored technologies demonstrate fragmented elaboration at the sub-com-
ponent and sub-layer levels. This observation calls for future research to address these 
gaps. Additionally, the literature indicates that categorizations of technologies often 
overlap and lack a common ground, highlighting the need for scholarly efforts to 
establish a more comprehensive consensus to develop more concrete insights. 

Moreover, the interconnected nature of these technologies can influence the asso-
ciated benefits, challenges, and critical factors. Technologies continue to grow and 
new capabilities as well as technologies will emerge. Newer technologies need to work 
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in harmony with existing legacy systems within businesses. All these imply more 
research on technological interactions, and this is another avenue among the sugges-
tions for future inquiry. 

The scattered publication pattern observed reflects the multidisciplinary nature of 
this topic and underscores the importance of incorporating diverse perspectives, 
contexts, and consolidation techniques. It also emphasizes the need for literature 
reviews that span different disciplines. One specific avenue suggested in Paper 1 en-
courages more research from a business perspective on Supply Chain 4.0, since many 
existing studies tend to be directed toward other disciplines, such as computer 
science. 

The predominance of empirical methods in current research highlights the im-
portance of considering alternative methodological approaches, such as conceptual 
and mixed methods, to develop more comprehensive insights in the future. 

Further details are available in Paper 1. 

4.2 Paper 2: “RFID and ERP systems 
in supply chain management” 

This conceptual paper aims to elucidate the benefits of ERP and RFID (a subset of 
IoT) for supply chains. This paper employs the integration school, emphasizing the 
integration of value-creating supply chain processes, focusing on customer satis-
faction. In this regard, supply chain integration is divided into four levels: internal, 
with suppliers, with customers, and across the chain. 

These integration levels correspond to the flow of information and materials 
within different scopes of the supply chain. “Internal integration” connects separate 
departments within a single business boundary, synchronizing them into one seam-
less architecture. “Integration with suppliers” emphasizes establishing connections 
with suppliers, including data sharing and long-term contracts based on trust and 
commitment, to foster a win-win relationship. “Integration with customers”, as the 
name implies, focuses on connecting with customers. This relationship is charac-
terized by asymmetric power, leaning toward customers due to their role as the finan-
cial injection point into the supply chain, allowing them to request customized ser-
vices. “Fully integrated supply chain” refers to the complete upstream and down-
stream integration across multiple supply chain actors. 

The combined use of RFID and ERP contributes to integrating the supply chain at 
all four levels. In brief, RFID enables the generation of information relevant to 
different firms’ internal and external activities, facilitating the tracking and moni-
toring of physical flows. In this regard, the generated information becomes accessible 
to different supply chain actors through ERP, as this technology can link information 
silos in a standardized format. The interactions of the concepts are illustrated in the 
conceptual model developed in Paper 2 (refer to Figure 1). 

For further details, please refer to Paper 2. 
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4.3 Paper 3: “From Far East to Baltic Sea: Impact of Quantum 
Computers on Supply Chain Users of Blockchain” 

This paper elaborates on the challenge quantum computers pose to BC-based supply 
chains. The results indicate that sufficiently powerful quantum computers, employ-
ing Shor’s algorithm, can compromise the core security foundation of BC known as 
asymmetric (public-key) cryptography. These quantum computers can also employ 
Grover’s algorithm to threaten public BC. The former threat is of particular signi-
ficance to supply chain users of BC, which allows a cyber attacker to obtain a supply 
chain user’s BC private key. This means an attacker can potentially replace the supply 
chain actor involved with the BC, thus serving malicious purposes. While this threat 
is primarily related to BC security, it also poses additional challenges to other BC 
benefits, such as transparency, traceability, smart contracting, and efficiency.  

Furthermore, the findings reveal that quantum computers have already been 
developed but are not yet powerful enough to pose the aforementioned threats. 
Various estimates suggest differing timelines for these potential threats. To address 
this challenge, quantum-resistant security solutions need to be developed. Quantum 
computers themselves can be part of the solution, but the development and wide-
spread implementation of the security infrastructure for such a solution may take a 
considerable amount of time. This dual role of quantum computers introduces 
uncertainty for supply chain decision makers regarding BC investments. For more 
detailed information, please refer to Paper 3. 

The challenge of quantum computers is significant for BC’s potential benefits to 
the supply chain. However, there is a dearth of research in this area, as illustrated by 
the fact that any mentioning of this issue was absent among the identified challenges 
of BC in Paper 1. 

4.4 Paper 4: “Adoption of AI Based Order Picking  
in a Warehouse in Turkey: Benefits, Challenges  

and Critical Success Factors” 
Paper 4 presents a case study on an AI-based system, a showcase of a Supply Chain 
4.0 technological solution designed to enhance the picking process in warehousing. 
The investigation aims to identify the benefits, challenges, and critical factors associ-
ated with adopting this AI-based system in a Turkish warehouse for picking activities. 

The results revealed seven key benefits: travel distance and time reduction; im-
proved documentation; positive environmental impacts; cost reduction; higher order 
picking simplicity; higher order picking accuracy, and improved employees’ well-being. 
Notably, “travel distance and time reduction” emerged from both qualitative data and 
quantitative statistical analysis. Quantitative data showed a 27.25% reduction in 
pickers’ travel distance and a 22.82% reduction in travel time due to the AI-based 
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system. Qualitative analysis corroborated these findings. The remaining benefits, as 
well as all challenges and critical factors, were identified using a qualitative method. 

Furthermore, the findings suggested that certain benefits influenced the emer-
gence of other benefits. For example, the “positive environmental impacts” resulted 
from reduced energy consumption in traveling trucks and their longer lifetime, both 
of which were consequences of reduced travel distance and time. Additionally, the 
AI-based system contributed to lower paper consumption, a subset of the “improved 
documentation” benefit, which further supported the “positive environmental im-
pacts”. 

Next, the paper includes the Technology-Organization-Environment (TOE) the-
ory to categorize the identified benefits, challenges, and critical factors into tech-
nological, internal (organizational), and external (environmental) contexts, which 
this theory holds as key influencers on business decisions made about adopting tech-
nologies. “Cost reduction”, “improved documentation”, “higher order picking sim-
plicity”, and “improved employees’ well-being” benefits were primarily associated 
with the internal context. “Positive environmental impacts” predominantly addres-
sed the external context. “Higher order picking accuracy” and “travel distance and 
time reduction” fell within internal and external contexts. All seven benefits ulti-
mately resided within the technological context, since they were enabled by a system 
centered on technological properties. 

Moreover, qualitative analysis revealed five critical factors: strategic alignment; 
structural alignment; operational alignment; data privacy, and managerial commit-
ment. The analysis also identified five challenges: strategic alignment; structural align-
ment; operational alignment; costs, and resistance to change. All identified challenges 
were recognized as critical factors that faced certain complications at their subset 
levels. Therefore, strategic alignment, structural alignment, operational alignment, 
data privacy, managerial commitment, cost considerations, and the degree of resis-
tance/willingness to change were all considered critical factors. However, “strategic, 
structural, and operational alignments” faced specific hindrances at their sub-levels. 
These hindrances, along with “resistance to change” and “costs”, were categorized as 
challenges associated with the AI-based system in the Turkish warehouse. The paper 
offers a detailed discussion of all critical factors and challenges. 

Utilizing simulation, we also found that adding a tunnel in the warehouse would 
have further reduced traveling distance by 13.91%. Nevertheless, though previously 
proposed, the tunnel was never built. This rejection was linked to the business 
adjustment costs (a subset of the emerged “costs” challenge) – i.e., configuring the 
warehouse layout with respect to the suggested tunnel would be associated with costs. 
This fact potentially prevented the construction of the tunnel, and thus was a 
hindrance in achieving a higher benefit in distance and time reduction. We then spot-
lighted the relationship between the tunnel-building rejection and the “resistance to 
change” challenge. 

71 



  

 
 

  
 

 

TRANSITION TOWARDS SUPPLY CHAIN 4.0 

From a TOE perspective, the results demonstrated that “strategic, operational, and 
structural alignments”, along with “data privacy” and “costs” corresponded to both 
internal and external contexts. “Resistance to change” and “managerial commitment” 
were categorized within the internal context. Regarding the technological context, 
“strategic, operational, and structural alignments”, “data privacy”, and “resistance to 
change” all fell under this category. 

For more detailed information, please refer to Paper 4. 
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5. Synthesis and discussions 

In this section, the findings from the thesis and all four studies are synthesized and 
discussed in relation to the research questions and purposes. It starts by elucidating the 
trio of benefits, challenges, and critical factors for Supply Chain 4.0 technologies 
identified in this thesis. This section then discusses the trio with respect to the general 
Supply Chain 4.0. Subsequently, these findings at technology and general levels are 
integrated into the thesis framework, leading to an integrative framework. Ultimately, 
the trio is discussed in the context of Turkey. 

5.1 Module 1: Benefits, challenges, and critical factors  
at the technology level 

In this module, benefits, challenges, and critical factors associated with the twelve 
Supply Chain 4.0 technologies are synthesized. This synthesis is presented in Table 5, 
encompassing the blend of insights gained from Studies 1, 2, 3, and 4. Insights from 
Study 1 illuminate the benefits, challenges, and critical factors associated with 11 
technologies (excluding AI). Study 2 provides complementary insights into the 
benefits of RFID, a subset of IoT. Study 3 unfolds insights on complementary chal-
lenges and critical factors associated with BC. Study 4 outlines the benefits, chal-
lenges, and critical factors associated with AI, CC, and SI. 

Based on a systematic review, Study 1 provides a synthesized perspective on supply 
chain literature in terms of benefits, challenges, and critical factors associated with 
IoP, IoT, CC, BDT, BC, AR, AU, RO, AM, SI, and ST (see Table 3 in Paper 1). Upon 
further investigation of the identified aspects, noteworthy insights emerge regarding 
the impact of technologies on financial performance. In this context, certain tech-
nologies, such as AM, are observed to have the potential to contribute to cost reduc-
tion in logistics and inventory management, while others like AU and RO can 
decrease the labor costs. However, it is notable that the adoption of such technologies 
potentially includes significant setup costs. Moreover, concerning technologies such 
as IoT and BDT, they show potential in enhancing actors’ integration by facilitating 
connectivity of supply chain information and synchronizing processes. Nonetheless, 
their implementation necessitates strong collaboration and coordination among 
these actors. 

Study 2 reveals that RFID enables traceability on internal material/product flow, 
supply status between suppliers and buyers, and overall inventory flow across the 
chain. This paper also reveals that the data stored on RFID microprocessors can be 
disseminated to the relevant supply chain actors for data-driven and informed deci-
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sion making. By harnessing the power of data-driven decision-making, various pro-
cesses can be enhanced. For instance, Study 2 reveals that at Level 3 of integration 
(Integration with customers), RFID tags can store product information during 
deliveries. This allows customers to verify the compatibility of received items with 
their actual orders, thereby improving the quality control of deliveries. Lastly, Study 
2 unfolds the RFID contribution to create supply chain integration at 4 levels: 
internal, with supplier, with customer, and across the chain. These four benefits are 
aligned with four IoT benefits identified in Study 1 – transparency and traceability, 
awareness and flexibility, performance optimization, and connectivity and integra-
tion – corroborating the themes. 

Study 3 sheds light on the quantum threat to BC usage in supply chains, driven by 
two key algorithms: Shor and Grover. When executed on sufficiently powerful quan-
tum computers, these algorithms can undermine BC’s security and its associated 
benefits. BC security relies on two fundamental primitives: hash functions and asym-
metric (public-key) cryptography. 

The below description aims to illuminate the vital role of these two primitives in 
enabling BC’s data integrity and authenticity, both of which assure the security of BC: 

The BC user (hereafter BCU) sends data to the BC. To ensure data integrity and 
authenticity, BCU uses a hash function to generate a unique hash value of the data. 
Hash functions play a critical role in this process by taking the arbitrary-sized data 
and producing a fixed-size hash value that is unique to the original content. Even the 
smallest change in the data, such as adding a single character, results in a completely 
different hash value. This property makes it highly effective for ensuring data 
integrity. By signing this hash value with the private key, which is securely held by 
BCU, a digital signature is created. The signed data and the hash value are submitted 
to the BC network and enter a pool of unvalidated data. Depending on the consensus 
mechanism in use, participants in the BC network validate the data based on 
predefined rules. The validation process includes verifying the BCU’s digital signa-
ture using BCU’s corresponding public key. This public key is publicly available from 
trusted sources like a public key repository or the BC itself. Verification is made 
possible through the mathematical relationship between private and public keys. The 
public key, part of a cryptographic key pair, ensures data authenticity by confirming 
that the data’s creator had access to the private key at the time of signing. This 
cryptographic relationship guarantees that only the private key holder could have 
created the data and its valid digital signature. Thus, the use of the public key in the 
verification process establishes with a high degree of certainty that the creator of the 
block is indeed the legitimate holder of the corresponding private key, thereby 
ensuring data authenticity. 

Both hash function and asymmetric cryptography behave as “one-way functions”, 
meaning that performing mathematical operations in one direction is straight-
forward while reversing them is computationally unfeasible using conventional 
computers based on binary bits of information. It is easy to compute the public key 
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from the private key but exceedingly difficult and long to reverse. Similarly, it is 
straightforward to calculate the hash value (i.e., hash output) from the data input but 
highly challenging to reverse the process. 

However, the emergence of sufficiently powerful quantum computers introduces 
a quantum threat to BC. Shor’s algorithm, when implemented on quantum com-
puters, can potentially reverse the calculation of the private key from the public key 
in a significantly shorter time frame than conventional computers. This capability 
could allow a quantum attacker to impersonate an honest BCU, potentially inserting 
unauthorized data into the BC. Grover’s algorithm, on the other hand, can only 
accelerate brute-force attacks on hash functions to a limited extent. Increasing the 
size of hash outputs can mitigate this threat. Nonetheless, BC networks that heavily 
rely on hash functions, such as Bitcoin, remain vulnerable to quantum attacks using 
Grover’s algorithm, since it could enable rapid reconstruction of the entire BC, 
thereby jeopardizing its integrity. 

This quantum threat poses a direct challenge to BC’s security, with cascading 
implications for the broader benefits they offer in supply chains, including robust 
data traceability and transparency, smart contract functionality, operational effici-
ency, and decentralization (see Paper 1 for benefits of BC). All these advantages hinge 
on the foundation of BC security, manifesting in data authentication and integrity. 
For example, supply chain inventory status stored on the BC by the warehouse is 
reliably traceable and transparent because the stored data is authenticable. Other 
supply chain users of BC (e.g., manufacturers) can verify that the block was created 
only by that specific warehouse. However, in a scenario where an attacker can replace 
the warehouse user of the BC, the benefits of traceability and transparency are under-
mined. Furthermore, the disintermediation of supply chain relationships (which can 
lead to superior efficiency) will be thwarted because the BC will no longer be capable 
of providing a secure platform for transactions and data. 

The solution to this threat lies in the development of quantum-resistant block-
chains. Two primary approaches are considered: “post-quantum cryptography” 
involving mathematical functions, other than conventional ones, which are secure 
against quantum attacks; or “quantum cryptography” harnessing quantum properties 
for protection. However, while the former is associated with technical inefficiencies, 
the latter requires quantum tools that will not be readily accessible in the near future. 
Besides, building quantum-resistant BC requires infrastructure development, which 
can take years to complete. The uncertainty surrounding the timeline for the emer-
gence of sufficiently powerful quantum computers adds to the complexity. Estimates 
vary; some suggest the threat could materialize in the 2020s or beyond. The uncer-
tainty arising from not knowing whether the quantum-resistant solution or the quan-
tum threat will emerge first casts a shadow over the utility of BC in supply chains, 
underscoring the need for proactive measures to safeguard its security. Quantum 
threat and quantum-resistant BC present a challenge and a critical factor that have 
not been spotlighted in Study 1. 
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Study 4 demonstrates the role of CC, AI, and SI in enabling the AI-based system 
to optimize the supply chain warehousing process.  

The SaaS model is utilized to host the AI algorithm on the cloud, enabling on-
demand services in the routing optimization of picking activity in the warehouse case 
based on the customer’s order. The services operate on the cloud without requiring a 
domestic physical server. George Lijo, the CEO and founder of Kairos, stated that 
there is no server sitting here in my office or in Sienzi office. This can reduce the costs 
associated with on-site servers for dealing with the information environment, since it 
allows users to utilize processing power without managing physical machines locally. 
The cloud-based services enabled scalable data management based on the variation 
in warehousing customer’s request, since it was not bounded by the data scalability 
limitations of the on-site servers. Furthermore, cloud solution strengthened the 
supply chain integration as it enabled supply chain actors to make close interactions 
remotely and as it supported Application Programming Interface (API) estab-
lishment for technological interoperability. The four benefits associated with CC 
align with the systematic review findings in Study 1. 

No explicit challenge was observed regarding the utilization of CC. Nonetheless, 
an important critical factor was observed in relation to the necessity of involved 
actors’ collaboration for establishing the API between Select’s ERP system that is 
already operating in Sienzi and the newly adopted AI-based system. ERP system with 
warehouse data connected to the Kairos’ cloud endpoints for developing API. This 
involves collaboration among Sienzi, Kairos, and Select in terms of data sharing and 
technological interoperability. Actors’ collaboration was also found among the 
critical factors of CC in Study 1. Furthermore, as cloud-based information flows take 
place among the involved supply chain actors, data security and privacy become vital. 
Empirical evidence however does not show any raised challenge or complication with 
privacy and security matters, placing them into critical factors. This placement 
contrasts with the “security” issue of CC, which was categorized into challenges in 
Study 1. Such a contrast may be attributed to the comprehensive measures taken to 
ensure private and secure data sharing among the participating actors in Study 4. 
These measures encompass the establishment of a confidential mechanism, the 
execution of NDAs, and adherence to regulatory standards. This implies that with 
proper measures in place, “data security and privacy” is less likely to challenge the 
utilization of CC in supply chains. Thereby, in this thesis, “data security and privacy” 
are accounted for as critical factors associated with CC. 

Next, Study 4 demonstrates that the utilization of AI in the warehouse picking 
process results in optimization with manifesting improvements across dimensions of 
effectiveness and efficiency as well as social and environmental impacts. The AI-
driven batch picking has led to a more effective picking process, which is achieved 
through optimized order picking routes and improved accuracy and simplicity. 

The augmentation in order picking effectiveness has concurrently ushered in 
heightened operational efficiency. This is substantiated by reduced order picking 
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time, facilitated by the optimized routes and increased accuracy achieved through AI-
driven batch picking. Furthermore, adopting batch picking has significantly curtailed 
the complexity and volume of documentation, thus streamlining operations. This 
efficiency is fortified by reduced labor costs, stationary expenditures, energy con-
sumption related to truck travel, and the expenses associated with truck maintenance. 

In tandem with its efficiency gains, the enhancement in order picking effectiveness 
has yielded considerable social impact, fostering an environment conducive to im-
proved employee well-being. Reduced paperwork burdens, accelerated picking pro-
cesses, and decreased error rates, attributable to the reduced operational complexity, 
collectively contribute to a more favorable working environment. 

Driven by the improvements in process efficiency and effectiveness, Study 4 also 
underscores notable environmental benefits. These include reductions in paper 
consumption and diminished energy consumption in truck operations, concomitant 
with an extension of the operational lifespan of the vehicles. These combined 
advances represent a pivotal shift toward more sustainable warehousing practices, 
with AI playing a central role in effecting these transformative changes. 

Furthermore, three critical factors were observed for AI in Study 4. First, there is 
a notable dependence on the quality and relevance of the data feed required to drive 
the AI algorithm. Specifically, optimizing picking routes hinges on a comprehensive 
pool of data, encompassing historical pick logs and warehouse layout information. 
The successful utilization of AI is contingent upon the caliber and pertinence of the 
data supplied. This dependency underscores the importance of information exchange 
among the participating supply chain entities, which in turn accentuates the 
emergence of the second critical factor: data privacy and security. The third critical 
factor observed pertains to technological interoperability. In this case, AI data 
operates in a cloud environment in close conjunction with the existing ERP system 
within the warehouse. This interplay between AI, CC and the ERP system under-
scores the significance of seamless technological integration and harmonious 
coexistence between them. 

There are two notable challenges when it comes to adopting AI in the warehouse 
operations. One of these challenges pertains to the complex computational aspects 
involved in designing AI algorithms. These algorithms need to be versatile enough to 
provide effective and efficient solutions for route optimization across different scales 
of the problem. This necessitates significant computational and mathematical con-
siderations on the part of the AI-based system developer, which can be quite 
demanding. The second challenge refers to data structure organization intricacy. AI 
system relies on intricate and sophisticated ways of organizing and handling the data 
feed. This complexity arises from the need to represent and process diverse infor-
mation relevant to routing optimization, such as historical pick logs, customers’ 
orders in hand, and warehouse layouts. Organizing and managing these intricate data 
structures can be challenging in design, implementation, and maintenance. In light 
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of these two challenges, Mr. Lijo has stated that challenges are in computing and need 
for complex data structures to make AI work. 

The application of SI has empowered the creation of a digital twin of the ware-
house, upon which AI algorithms execute optimization procedures. This aligns with 
the benefit of digital visualization observed in Study 1. Furthermore, SI has also 
unveiled the potential implication of constructing a tunnel within the warehouse, 
leading to further reduced travel distances and time. This provides decision-makers 
with the tools for making informed evaluations regarding the prospective outcomes 
associated with building the tunnel, aligned with the benefit of assessment of future 
outcomes identified in Study 1. 

Ultimately, the fidelity and precision of the digital twin are intrinsically linked to 
the quality and comprehensiveness of the information provided by the warehouse 
regarding its layout. This connection underscores the crucial role of data accuracy, 
echoing the data input quality critical factor of SI that emerged in Study 1. Ensuring 
that the digital twin accurately reflects the warehouse’s physical configuration neces-
sitates meticulous attention to detail and a commitment to data integrity. 

Table 5: Synthesis at the technology level 

Supply chain 4.0 Themes Studytechnologies 

Additive Manufacturing Benefits 
(AM) 

Challenges 

Critical 
factors  

Artificial Intelligence Benefits 
(AI) Challenges 

Critical 
factors 

Augmented Reality (AR) Benefits 

Challenges 

- Optimized supply chain flows Study 1 
- Product customization Study 1 
- Improved environmental performance (“green Study 1 
supply chain”) 
- Integration Study 1 
- Improved research and development (R&D) Study 1 
- Costs Study 1 
- Design and production team management Study 1 
- Restructuring the supply chain Study 1 
- Availability of printing materials Study 1 
- Continuous customization and design complications Study 1 
- Collaborative and integrated product design Study 1 
- Information platform Study 1 
- Step-by-step implementation Study 1 
- Software-printer compliance Study 1 
- Process optimization Study 4 
- Complex design of AI algorithm Study 4 
- data structure organization intricacy Study 4 
- Data feed quality and relevance Study 4 
- Data privacy and security Study 4 
- Technological interoperability Study 4 
- Customer service Study 1 
- Improved order picking, routing, and delivery Study 1 
- None were found Study 1 
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Critical - Training and new competences Study 1 
factors  

Automation (AU) Benefits  - Process optimization Study 1 
- Integration Study 1 

Challenges - Cost Study 1 
- Artificial divide Study 1 

Critical - Preparation and alignment Study 1 
factors  

Big Data Technologies Benefits  - Awareness and informed decision making Study 1 
(BDTs) - Reliability Study 1 

- Information connectivity Study 1 
Challenges - Infrastructure and human resources Study 1 

- Big data governance Study 1 
- Cybersecurity threat, information leakage, and Study 1 
privacy concerns 
- Financial value measurement Study 1 

Critical - Integration Study 1 
factors  - Data readability and relevance Study 1 

- Data modularization and prioritization Study 1 
- Managerial approach Study 1 
- Compatibility with governmental laws Study 1 

Blockchain (BC) Benefits  - Data security Study 1 
- Data traceability, transparency, and management Study 1 
- Smart contracting Study 1 
- Efficiency Study 1 
- Decentralization Study 1 

Challenges - Technical issues Study 1 
- Human resources Study 1 
- Governance Study 1 
- Altering smart contracts Study 1 
- Quantum Threat Study 3 

Critical - Preparation and alignment Study 1 
factors  - Strategic approach and the support of top Study 1 

management 
- quantum-resistant blockchains Study 3 

Cloud Computing (CC) Benefits - Supply chain integration Studies 1 & 4 
- On-demand services Studies 1 & 4 
- Scalability and flexibility Studies 1 & 4 
- Efficiency Studies 1 & 4 

Challenges - Information gap Study 1 
Critical - Collaborative planning and alignment Studies 1 & 4 
factors  - Data security and privacy Studies 1 & 4 

Internet of People (IoP) Benefits  - Customer intelligence and relationship management Study 1 
Challenges - Privacy concern Study 1 
Critical - None were found Study 1 
factors  

Internet of Things (IoT) Benefits  - Performance optimization Studies 1 & 2 
- Transparency and traceability Studies 1 & 2 
- Connectivity and integration Studies 1 & 2 
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- Awareness and flexibility Studies 1 & 2 
Challenges - Technological infrastructure and human resources Study 1 

- Control and coordination Study 1 
- Data security and privacy concern Study 1 

Critical - IoT alignment Study 1 
factors  - Top management support Study 1 

- Performance monitoring Study 1 
- Proactive IoT Study 1 

Robotics (RO) Benefits - Process optimization Study 1 
- Connectivity Study 1 

Challenges - Cost Study 1 
Critical - Infrastructure Study 1 
factors 

Semantic Technologies Benefits - Data linkage and information integration. Study 1 
(ST) Challenges - None were found Study 1 

Critical - Ontology and standard Study 1 
factors 

Simulation (SI) Benefits - Assessment of future outcomes Studies 1 & 4 
- Assessment of the current system Study 1 
- Digital visualization Studies 1 & 4 

Challenges - Technological infrastructure and human resources Study 1 
- Information capture Study 1 

Critical - Data input quality Studies 1 & 4 
factors 

5.2 Module 2: Benefits, challenges, and critical factors  
at the Supply Chain 4.0 level  

This thesis adopts the strategic management perspective on supply chains where 
Regime’s supply chains need to adapt their dynamic capabilities for the transition to 
Supply Chain 4.0 – a technological transformation in the way that supply chains 
work. Such a transition involves leveraging technological solutions underpinned by a 
set of technologies, primarily including but not limited to IoT, IoP, CC, BDTs, BC, 
AR, AU, RO, AM, SI, ST, and AI, often developed by Niche actors. This means that 
transitioning to Supply Chain 4.0 introduces new actors to the Regime’s supply chain. 
This addition engenders interactions characterized by Regime–Niche technological 
complementarity, symbiotic alignment, and finite establishments that are subject to 
change with the ever-evolving technological landscape, as evidenced by the example 
of quantum computers. The following benefits, challenges, and critical factors are 
identified to adapt dynamic capabilities, thereby contributing to the components of 
dynamic capabilities framework, as suggested by Teece’s (2019). 

Benefits 

This thesis presents four benefits of transitioning to Supply Chain 4.0: supply chain 
transparency; enhanced decision-making; supply chain integration, and supply chain 
process optimization. 
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Supply chain transparency 
One of the advantages of Supply Chain 4.0 is the enhancement in transparency within 
the network of the supply chain, a benefit underscored in the literature review 
presented in Study 1 (Jagtap et al., 2019; Rejeb et al., 2019; Saberi et al., 2019; Mastos 
et al., 2020; Rebelo et al., 2022). This heightened transparency emerges due to the 
utilization of Supply Chain 4.0 technologies, such as IoT, IoP, CC, and BC in supply 
chains. If properly managed, these technologies facilitate the digitization, data 
collection, and storage of an extensive spectrum of data pertaining to various entities 
within the supply chain network. These entities encompass a wide array of objects, 
ranging from machines, raw materials, and supplies to finished products, and extend 
to encompass transportation means. For example, IoT sensors attached to shipping 
containers provide real-time location and goods’ condition data in logistics. In 
tandem with this, the scope of data also encompasses human actors, spanning from 
customers and consumers to social media users and business partners. For instance, 
by utilizing IoP, an e-commerce company can collect social media data on customer 
sentiments. Based on the internet, data generation from these multifarious sources 
begets an extensive reservoir of data, often characterized by its sheer volume and 
velocity. Study 2 sheds light on how RFID, a subset of IoT, can provide valuable data 
pertaining to the flow of supplies and products both within and beyond a firm’s 
boundaries, extending its reach to encompass other actors within the supply chain. 
This RFID-driven data contribution enhances supply chain transparency, adding 
depth to our understanding of supply chain operations. 

Furthermore, through the strategic deployment of technologies, such as BDT, SI, 
AI, and ST, the deluge of data is effectively transformed into valuable information. 
For example, a retailer can analyze big data to anticipate demand fluctuations and 
adjust inventory levels, accordingly minimizing stockouts and overstock situations. 
This process results in the systematic cultivation of transparency within the supply 
chain ecosystem, seamlessly followed by traceability. In cases where data reservoir 
generation and transformation unfold in real-time, the benefits extend beyond mere 
transparency to encompass trackability. This advanced dimension allows for the real-
time monitoring of supply chain processes. This transparency offers a significant 
boon for the supply chain actors. It illuminates many facets of supply chain opera-
tions where these data reservoir generators are strategically employed, providing 
stakeholders with unparalleled visibility into the intricate processes that constitute 
the supply chain. This newfound transparency empowers stakeholders with insights 
and information that were hitherto inaccessible or obscured. It enables compre-
hensive monitoring of the processes across the supply chain. 

Enhanced decision-making 
Expanding upon the transparency, Supply Chain 4.0 introduces another notable 
benefit: enhanced decision-making, an element further emphasized in Study 1 
(Ardito et al., 2018; Vieira et al., 2019; Raut et al., 2019; Benzidia et al., 2021; Agrawal 
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and Narain, 2023). This enhancement materializes in two distinct dimensions: data-
driven decision-making and augmentation in information processing capacity. In 
data-driven decision-making, supply chain actors gain access to a wealth of infor-
mation, granting them enriched insights into the intricacies of operations. This com-
prehensive understanding makes them better equipped to make informed decisions. 
This transformation from intuition-based approaches to data-driven decision-
making marks a paradigm shift, leveraging the potential of the digital era. It signifies 
a departure from traditional methods that often relied on intuition and historical 
experience – valuable but inherently limited – toward an era where decisions are 
grounded in empirical evidence. For example, In the realm of IoT, a clothing supply 
chain can utilize real-time data from IoT sensors to monitor inventory levels, cus-
tomer foot traffic, and weather conditions. This enables them to make timely deci-
sions, such as adjusting stock levels, staffing, and promotional strategies. In contrast, 
traditional intuition-based decision-making might rely on past experiences and 
general assumptions, potentially leading to suboptimal choices and missed oppor-
tunities for cost savings and improved customer satisfaction. 

In the latter context, technologies such as BDT and AI can increase information 
processing capacity, thereby reducing uncertainties associated with dynamic envi-
ronments (Benzidia et al., 2021). SI enables the testing of diverse future scenarios and 
evaluating their potential outcomes (Vieira et al., 2019). These advanced tech-
nological tools effectively contribute to the thinking process, affording decision-
makers more time to contemplate and formulate comprehensive decisions. This was 
also evident in Study 4, where the AI-based system processed routing-related infor-
mation and devised batching solutions for warehouse operations in almost real-time, 
all with minimal human intervention. Effectively, the AI-based system assumed a 
portion of the information processing responsibilities within the warehouse. This, in 
turn, provided the warehouse workforce with the opportunity to strengthen their 
cognitive resources in other critical activities, increasing the overall information 
processing capacity. 

Supply chain integration 
Another benefit related to Supply Chain 4.0 is supply chain integration, which 
corresponds to the findings of Study 1 (Frazzon et al., 2019; Tziantopoulos et al., 2019; 
Frank et al., 2019; Hahn, 2020; Fatorachian and Kazemi, 2021). As stated earlier, 
supply chain integration denotes the ability of supply chain actors to conduct supply 
chain activities jointly (Forslund and Jonsson, 2007 & 2009). Within the domain of 
Supply Chain 4.0, the exchange of data among actors, whether in real-time or 
otherwise, bolsters connectivity and fosters information sharing in the supply chain 
network. This facilitates the integration of information flows, enabling them to react 
promptly to evolving market dynamics. Study 2 further corroborates the supply chain 
integration by highlighting the pivotal roles played by technologies such as RFID (a 

82 



 5. SYNTHESIS AND DISCUSSIONS 

 
 

 
 

 

 

 
 

  
 

 

 

 

 

 

 
 
 

 

subset of IoT) and ERP systems in generating and transmitting critical information, 
thereby contributing to internal and supply chain-level integration. 

Moreover, the transparency and transformation of data into invaluable insights – 
facilitated by technologies like AI and BDT – are frequently driven by data reservoirs 
sourced from diverse actors within the supply chain. The resulting insights transcend 
the boundaries of individual firms, readily usable and shareable by various supply 
chain actors. This synergy reinforces integration and holds the potential to extend 
into joint decision-making processes, supporting the enhancement of the supply 
chain’s agility and resilience. In essence, within the context of Supply Chain 4.0, sup-
ply chain integration represents a fundamental shift toward heightened connectivity, 
extensive information sharing, the synergy by insight-driven processes, and the 
potential for joint decision-making. 

Supply chain process optimization 
The final benefit within the domain of Supply Chain 4.0 centers on the optimization 
of supply chain processes, as emphasized in Study 1 (Krykavskyy et al., 2019; Frazzon 
et al., 2019; Ghadge et al., 2020; Sharma et al., 2021; Eslami et al., 2021). In this thesis, 
optimization refers to the systematic enhancement of how supply chain actors 
execute their processes and activities to attain specific objectives. These objectives can 
vary, contingent on the contextual particulars, such as heightened efficiency, pro-
ductivity, quality, sustainability, flexibility, and agility. Two primary factors condition 
this optimization. First, it is nurtured by transparency, enhanced decision-making, 
and integration benefits previously expounded in relation to Supply Chain 4.0. When 
actors can transparently monitor, trace, and track supply chain processes, bolster 
their decision-making, and engage in heightened integration, the potential for sys-
tematic process improvement becomes manifest. For instance, within the ambit of 
IoT-driven smart transportation systems, data streams from GPS systems, real-time 
traffic updates, and weather forecasts coalesce to empower transportation actors to 
optimize routes continuously. These dynamic adjustments, made in response to 
traffic conditions and weather forecasts, yield minimized fuel consumption, stream-
lined routes, and more efficient delivery schedules. This results in substantial cost 
savings and a reduced environmental footprint. Or AM provides supply chains with 
transparent insights into material and energy requirements for manufacturing; this 
transparency leads to optimized supply chain material flows, reduced environmental 
impact, lower logistics and inventory levels (Baumers et al., 2013; Verboeket and 
Krikke, 2019). 

Secondly, Supply Chain 4.0 technologies themselves contribute directly to process 
optimization. IoT devices, for instance, can incorporate actuators or similar tools that 
enable embedded objects to perform certain actions autonomously (Molka-
Danielsen et al., 2018). These actuators respond to real-time data, augmenting the 
autonomy of IoT-connected objects. Consider the case of a smart thermostat in a 
supply chain warehouse; it autonomously adjusts temperature settings in response to 

83 



  

 

 
 
 
 

 

 

 

 

 
 
 
 

 

 
 
 

 

TRANSITION TOWARDS SUPPLY CHAIN 4.0 

changing environmental conditions, ensuring optimal product storage conditions. In 
electronics manufacturing, AU can automate printed circuit board inspections, 
swiftly identifying defects such as soldering issues, reducing manual checks, and 
ensuring quality control consistency. AR tools like smart glasses and wearable devices 
enhance the precision and speed of tasks such as order picking and delivery (Agrawal 
and Narain, 2023). RO can be employed in an automotive manufacturing plant for 
tasks like welding. Industrial robots equipped with welding arms can precisely and 
consistently weld together components of a vehicle’s chassis. These robots work tire-
lessly without fatigue, ensuring uniform weld quality across numerous automobiles. 
AI-driven systems can continuously learn from data, adapting and fine-tuning 
activities. The role of AI in optimization was also evident in Study 4. The AI-based 
system reduced travel time and distance. These improvements led to cost reductions 
in energy expenditure for truck traveling, truck maintenance, and labor. Further-
more, the AI-based system demonstrated positive environmental implications, 
reducing fuel consumption while increasing the truck’s lifespan. 

Challenges 

Transition to Supply Chain 4.0 presents a range of formidable challenges, encom-
passing: high costs; the scarcity of requisite skillsets; concerns relating to security and 
privacy; complexity surrounding infrastructure development; the intricacies of 
coordination, and inherent complexities within the technologies themselves. 

High costs 
In Study 1, high costs emerged as one of the most frequently emphasized challenges 
within the reviewed literature in the context of Supply Chain 4.0. This challenge 
encompasses several facets, one of which pertains to substantial upfront investment 
requirements (e.g., Gružauskas et al., 2018; Sharma et al., 2021). The transition to 
Supply Chain 4.0 can demand significant initial capital for various purposes, 
including the acquisition of technological equipment. For example, technologies like 
IoT (de Vass et al., 2021), AM, or its required material (Holmström et al., 2016), can 
entail considerable acquisition expenses. Another dimension of this challenge relates 
to infrastructure development costs (e.g., Ghadge et al., 2020). These costs may en-
compass expenses associated with adapting business infrastructure to accommodate 
Supply Chain 4.0 technologies. For instance, companies might be required to invest 
in physical transformations of their facilities to optimize processes, as illustrated in 
Study 4. In this case, the warehouse could build an additional tunnel to reduce further 
travel distances in the routing activity of its picking, an enhancement driven by the 
AI-based system. Infrastructure development costs can also extend to deploying tools 
for data processing, protection, and storage. 

Additionally, there are continuous costs associated with workforce hiring and 
training. As businesses embrace advanced technologies, they must allocate resources 
to ensure that their employees possess the necessary proficiency in the dynamic 
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environment of Supply Chain 4.0. Another potential cost to consider is maintenance 
expenses. A practical example of maintenance costs can be seen in Study 4, where 
these expenses were factored into the monthly subscription fee established by Kairos. 
In general, while the transition to Supply Chain 4.0 brings the promise of long-term 
cost savings, there are certain cost-incurred characteristics associated with this 
transition that need to be considered. 

Scarcity of requisite skillsets 
In the landscape of Supply Chain 4.0, a formidable challenge emerges in the form of 
the scarcity of requisite skillsets, as evident in the reviewed literature in Study 1 
(Luthra and Mangla, 2018; Martínez-Olvera and Mora-Vargas, 2019; Sharma et al., 
2021). The transition to Supply Chain 4.0 is often associated with new business 
models and innovative approaches to value creation (Luthra and Mangla, 2018; 
Martínez-Olvera and Mora-Vargas, 2019; Kohtamäki et al., 2019). These changes in 
supply chain practices, driven by Supply Chain 4.0 technologies and data-driven 
decision-making, have substantially reshaped the skills landscape. While some tradi-
tional Regime’s supply chain competencies remain pertinent, they now coexist with 
an escalating demand for expertise in Niche technologies such as AI, BDT, and IoT. 
These scarce skillsets are significant for unlocking the potential in transitioning to 
Supply Chain 4.0. For instance, considering data analytics, where the requisite skillset 
extends to prioritizing data-driven insights; this heightened complexity requires data 
science skillsets to develop sophisticated algorithms for effective prioritization 
(Luthra and Mangla, 2018). 

Additionally, the imperative of establishing interoperability between new tech-
nologies and existing systems underscores the demand for complex and scarce 
skillsets in orchestrating the technical environment of Supply Chain 4.0 (Sharma et 
al., 2021). This was evident in Study 4, where Select encountered difficulties in 
replacing the lost software engineers, resulting in complications with the integration 
of ERP and the AI-based system. Furthermore, the economic dimension introduces 
its own set of challenges. Calculating the return on investment (ROI) for Supply 
Chain 4.0 solutions within the Regime’s supply chain context is multifaceted, neces-
sitating a high level of proficiency in both technical and business domains (Luthra 
and Mangla, 2018). The resulting skillset shortages initiate a competitive race among 
organizations, intensifying the complexity of recruitment processes. 

Security and privacy concerns 
The next challenge revolves around security and privacy concerns, a topic empha-
sized in Study 1’s literature review (Mondal et al., 2019; Kamble et al., 2019; Birkel et 
al., 2019; Ghadge et al., 2020; Jabbour et al., 2020; Sobb et al., 2020; Agrawal and 
Narain, 2023). Supply Chain 4.0, with its expansive data environment, becomes an 
enticing target for cybersecurity risks (Ghadge et al., 2020). The heightened reliance 
on the internet and the multi-actor nature of Supply Chain 4.0, compounded by its 
underlying technologies, create a fertile ground for potential security threats (Sobb et 
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al., 2020). The integration of technologies within the supply chain network renders it 
vulnerable to virtual-world threats, with the scale of the network and the proliferation 
of interfaces directly amplifying the potential attack surface and the associated risk of 
cyberattacks (Birkel et al., 2019). In network-based systems, security confronts a 
spectrum of challenges, including the ever-present risks of data tampering, unau-
thorized access, and possible network disruptions (Navajo et al., 2010, as cited in 
Kamble et al., 2019). Furthermore, the emergence of forthcoming technologies can 
pose security threats to technologies that are presently considered secure, such as BC, 
as explained in Study 3. Additionally, concerns arise regarding the safeguarding of 
confidential data by actors, further contributing to the intricacies of Supply Chain 4.0 
(Agrawal et al., 2019, as cited in Agrawal and Narain, 2023). Emerging technologies 
like BDT and IoT, integral to managing diverse supply chain data, introduce concerns 
related to the privacy and confidentiality of information (Mondal et al., 2019; Jabbour 
et al., 2020). 

Infrastructure development complexities 
The fourth significant challenge pertains to the complexities of infrastructure deve-
lopment, a challenge that has been notably underscored in the literature reviewed in 
Study 1. This complexity is intertwined with several elements that collectively con-
tribute to the intricate nature of building the necessary infrastructure for the 
transition to Supply Chain 4.0. One facet of this challenge revolves around the 
availability of financial resources and the scarcity of requisite skillsets, both of which 
have been explored in-depth previously. The limitations imposed by these elements 
significantly amplify the overall complexities involved in infrastructure development. 
Another dimension of complexity arises from the limitations and speed constraints 
of internet infrastructure (Gravili et al., 2018; Gausdal et al., 2018; Kamble et al., 2019; 
Jabbour et al., 2020). Adequate internet access is a pivotal requirement for all stake-
holders engaged in Supply Chain 4.0, mainly when dealing with data-intensive tech-
nologies like IoT in real-time environments. Unfortunately, this level of connectivity 
may not be uniformly accessible throughout the supply chain, especially for upstream 
actors such as farmers in less developed regions (Kamble et al., 2019). Technology-
specific complexities further compound the infrastructure development challenge, 
encompassing aspects like security and control mechanism development, scalability, 
and the suitability of the hosting context for technology adoption (Gessner et al., 
2007; Roussos, 2008; Kache and Seuring, 2017; Min, 2019). A prime example of this 
complexity can be found in Study 3, which taps into the time-consuming and intricate 
task of establishing quantum-resistant cryptography infrastructure for BC security. 
The development of the Regime’s infrastructure, another facet of this multifaceted 
challenge, is also not always straightforward. For example, modifying the existing 
facility layout to improve the benefits gained from the technological solution, as sug-
gested in Study 4, can potentially disrupt operational processes. Lastly, the Regime’s 
cultural and social barriers emerge as formidable obstacles in developing the requisite 
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infrastructure to host Supply Chain 4.0 technologies within the supply chain context. 
These barriers manifest in different appearances, such as resistance to change, 
apprehension about potential job displacement, mental stress resulting from adding 
new tasks to established routines, and a general distrust in emerging technologies 
(Birkel et al., 2019). The complexity of these barriers is exacerbated by the intricate 
web of multiple actors within the Regime’s supply chain, where cultural and social 
factors can manifest across various entities, amplifying the overall challenge. In Study 
4, elements of limited enthusiasm toward implementing changes were noted in 
Sienzi. This reluctance to change was linked to initial concerns about losing freedom 
in picking and to the stress of alterations in daily tasks due to the construction of the 
tunnel. Moreover, an added layer of complexity stemming from social and cultural 
barriers, particularly resistance to change, lies in the intricacy of pinpointing the 
precise motivations behind such resistance. Individuals who exhibit resistance may 
not consistently articulate their underlying reasons, making it challenging to discern 
the exact factors at play. 

Intricacies of coordination in Supply Chain 4.0 
The fifth challenge revolves around the intricacies of coordination in Supply Chain 
4.0. The challenges associated with the intricacies of coordination in Supply Chain 
4.0 are multifaceted, as highlighted in the reviewed literature (Holmström et al., 2016; 
Kache and Seuring, 2017; Brinch et al., 2018; Sobb et al., 2020; de Vass et al., 2021). 
One of these facets pertains to data coordination intricacy in Supply Chain 4.0. 
Effective data flow is paramount for harnessing the potential of Supply Chain tech-
nologies. Coordinating the seamless flow of data can present significant complexity, 
whether it involves collaborative 3D model design in AM (Holmström et al., 2016), 
achieving supply chain-wide real-time data sharing for IoT-enabled operations (de 
Vass et al., 2021), or governing, prioritizing, and sharing data related to BDT (Kache 
and Seuring, 2017; Brinch et al., 2018). The regime’s privacy and security concerns 
can also aggravate the data coordination challenges, since they can disrupt data 
sharing. Another subset of this challenge lies in the absence of common standards 
among the myriad of fragmented systems employed across supply chains, which can 
hamper interoperability (Kache and Seuring, 2017; Sobb et al., 2020; de Vass et al., 
2021). This was evident in Study 4, where Select and Kairos had to develop a new API 
to establish interoperability between their technological systems, resulting at first in 
a struggle with technological adaptation. Supply Chain 4.0 technologies, in conjunc-
tion with older legacy systems, often employ a multitude of diverse standards, neces-
sitating complex data transformation and mapping processes. Besides, implementing 
changes in existing systems can trigger operational disruptions, further exacerbating 
coordination challenges. The latter spotlights another facet – the intricacies of co-
ordinating Regime’s business operations – to effectively leverage Supply Chain 4.0 
technologies. As observed in Study 4, this aspect can become convoluted, with issues 
such as ineffective inter-actor communication, incoherent planning, and shifts in 
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documentation approaches. Intricacies of coordinating business operations can 
manifest in other ways, including cultural and behavioral coordination and compli-
ance with regulatory requirements. 

Inherent complexities within the technologies themselves 
The final challenge is associated with the inherent complexities within the techno-
logies themselves. Supply chain 4.0 is built upon a framework of advanced techno-
logies and the internet, forming an essential foundation for the disruptive changes 
envisaged by this paradigm shift. This profound dependence on these technological 
artifacts introduces a challenge that strikes at the very core of its foundational enab-
lers. This reliance is vulnerable to various factors. Firstly, the internet, a cornerstone 
of Supply Chain 4.0, can experience disruptions or outages, potentially impeding 
smooth operation (de Vass et al., 2021). 

Furthermore, the rapid pace of technological innovation introduces the risk of 
Supply Chain 4.0 technologies becoming obsolete and supplanted by more capable 
alternatives (de Vass et al., 2021). As an illustrative instance, the shift from typewriters 
to personal computers exemplifies this dynamic technological landscape. This dyna-
mic landscape, as illustrated in Study 3 concerning the interplay between quantum 
computing and BC, can extend to the disruption of established technological para-
digms by nascent technologies. Additionally, potential glitches and inherent limita-
tions can impede the effectiveness of these technologies. For example, while highly 
secure and immutable, BC technology can pose challenges when data alterations are 
necessary (Esmaeilian et al., 2020), such as for error correction to ensure regulatory 
compliance. Another instance is evident in AM, where constraints related to the 
variety of available printing materials can restrict the scope of manufacturing pos-
sibilities (Hohn and Durach, 2021). 

Critical factors 

The critical factors center around business-technology alignment. Within the context 
of this thesis, critical factors are further delineated into three alignment aspects: 
critical factors for Regime-to-Niche alignment; critical factors for Niche-to-Regime 
alignment; and critical factors for both Regime and Niche alignment. 

Critical factors for Regime-to-Niche alignment 
These critical factors refer to those elements essential for aligning the Regime’s supply 
chain with Niche technological solutions. These critical factors are Supply chain 
process reengineering, data management, and management commitment. 

Supply chain process reengineering 
A pivotal element pertains to the reengineering of supply chain processes, as also 
highlighted in the literature in Study 1 (Patrucco et al., 2020; Sharma et al., 2021; and 
Ali and Aboelmaged, 2022). This process embodies a redesign aimed at aligning 
supply chains with the transformative capabilities of Supply Chain 4.0. This encom-
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passes physical transformations, as evidenced in the case of Study 4, where modi-
fications to the warehouse layout, including the addition of a tunnel, held the promise 
of significantly reducing travel distances. Furthermore, supply chain process reen-
gineering extends its reach to accommodate and adapt to the altered landscape of 
Supply Chain 4.0-enabled business approaches. For instance, in Study 4, the adoption 
of the AI-based system triggered a shift in picking methodologies, transitioning from 
single order picking to batch picking. While this transformation promised efficiency 
gains, it also introduced complexities in sorting activity, necessitating additional time 
for batched item sorting to meet individual customer requirements. To address the 
issue, Sienzi implemented a new labeling approach where products are labeled while 
picking, rather than using the traditional method of labeling at the collecting area. 
For successful navigation of transitions under Supply Chain 4.0, operating businesses 
within the supply chain must engage in thorough pre-implementation assessments. 
Such assessments provide a comprehensive understanding of the existing business 
environment, forming the basis for collaborative planning with Niche solution 
developers. These joint efforts are essential in identifying realistic adaptation avenues 
within the context of Supply Chain 4.0. 

Moreover, the critical facet of supply chain process reengineering involves the 
reconfiguration of information flow dynamics. As highlighted in Study 1, the 
establishment of robust mechanisms for information exchange among supply chain 
actors becomes imperative when leveraging technologies like CC, BC, and BDT (Jede 
and Teuteberg, 2015; Kache and Seuring, 2017; Molka-Danielsen et al., 2018; Saberi 
et al., 2019). This necessitates the realignment of information flow channels to 
facilitate coordinated inter-actor data sharing and information dissemination. Study 
4 further exemplifies this reconfiguration, where Sienzi and Select are directed into 
the cloud-based information exchange mechanism to share customers’ orders with 
Kairos in Sweden, thereby transforming the supply chain’s linear relationships into 
non-linear ones. 

Data management 
The second element refers to data management. As evidenced in Module 1, the 
significance of data input quality and relevance becomes apparent, especially 
concerning technologies like AI, SI, and BDT. This reliance underscores the necessity 
for a collaborative mechanism not only for information exchange but also for high-
quality data input. Effective data management can extend to the insight distribution 
phase. For instance, the resulting insights from BDTs need to be directed to the 
relevant actors in the supply chains for pertinent applications. 

Management commitment 
The last critical factor refers to management commitment, as emphasized in Study 4. 
Several pieces of research in Study 1 have also highlighted this element (Birkel et al., 
2019; Luthra et al., 2020; Bamel and Bamel, 2021; Sharma et al., 2021). Management 
commitment is an indispensable cornerstone for the effective transition to Supply 
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Chain 4.0. It signifies strong support from top-level leadership, including the C-suite 
and board members, in embracing the transition journey. This commitment is not 
just vocal but is substantiated through resource allocation in terms of finances and 
skillsets. By earmarking budgetary provisions and ensuring the availability of skilled 
personnel, management sends a clear message that Supply Chain 4.0 is a strategic 
priority. 

Furthermore, management commitment extends to proactive engagement in 
change management efforts. This entails fostering a culture of openness to change, ad-
dressing potential resistance, and ensuring that all stakeholders understand the over-
arching vision of the transition. In essence, management commitment sets the tone for 
the entire transition approach to Supply Chain 4.0, demonstrating that the journey is 
not merely a trend but a fundamental shift in how the supply chain operates. As Supply 
Chain 4.0 brings about new challenges and uncertainties, committed leadership actively 
assesses potential risks and formulates strategies to mitigate them. This proactive stance 
ensures a smoother transition to digital processes and minimizes disruptions. Instead 
of pursuing short-term gains, management commitment underscores the dedication to 
continuous improvement along this path. It also emphasizes clear communication of 
strategic objectives and the establishment of key performance indicators (KPIs) to 
measure success. Therefore, management commitment provides the vision, resources, 
and guidance needed to navigate the complexities of Supply Chain 4.0 and thrive in the 
digital transformation era. 

Critical factors for Niche-to-Regime alignment 
These critical factors refer to the elements essential for aligning Niche technological 
solution providers with the Regime’s supply chain. These critical factors include: 
understanding of the Regime’s context by the technological solution provider; custo-
mization of technological design and solutions, and technological maintenance. 

Understanding of the Regime’s context by the technological solution provider 
One critical factor revolves around a profound understanding of the Regime’s context 
by the technological solution provider. To effectively align technology with the 
intricate fabric of supply chains, cultivating a deep comprehension of the specific 
requirements and nuances inherent to the targeted Regime’s supply chain scope is 
paramount. This entails delving into a multifaceted exploration, encompassing the 
discernment of Regime actors’ objectives for embracing the Supply Chain 4.0 
transition, coupled with an astute grasp of the operational dynamics. This includes 
meticulous considerations such as supply chain structure, customer demands’ 
cadence, and the competitive landscape’s ever-evolving contours. Each actor within 
the supply chain operates within a unique and distinctive environment, and it is 
incumbent upon technological solution to harmonize seamlessly with contextual 
intricacies. A vivid illustration of this principle unfolded in the course of Study 4, 
where the pivotal role of comprehending the warehouse’s objectives and requisites 
came to the fore during the adoption of the AI-based system. Kairos embarked on a 
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journey to fathom the intricacies of the warehouse’s dynamics, encompassing factors 
such as the frequency and setup of customer orders, facility layout planning, existing 
technological environment, and adherence to regulatory frameworks. This under-
standing served as the foundational bedrock upon which the AI-based system was 
designed and tailored to fit the contours of the warehouse. Nonetheless, it is worth 
noting that despite these efforts, the emergence of complexities in sorting activity 
partly reflects Kairos’ limited understanding of Sienzi’s operational procedure, which 
they could have foreseen and proactively contributed to addressing. 

Customization of technological design and solutions 
Another critical factor pertains to the customization of technological design and 
solutions. Once a comprehensive understanding of the business context is achieved, 
tailored technological solutions can be devised to address contextual specificities. For 
example, the analytics of big data involves their transformation into relevant 
information to the context, that is intelligible and actionable, complemented by 
visualizations, to derive valuable insights (Molka-Danielsen et al., 2018). This entails 
the meticulous design of technological systems to meet the unique requirements of 
the targeted supply chain context. In Study 1, several pieces of literature underscored 
the significance of design in harnessing technologies to realize the intended benefits 
of transition to advanced technologies and Supply Chain 4.0 (Holmström et al., 2016; 
Molka-Danielsen et al., 2018; Bienhaus and Haddud, 2018; Yang et al., 2021). This 
design process encompasses the effective orchestration of various technologies within 
a technological solution. Scalability is another integral facet associated with Supply 
Chain 4.0 (Jede and Teuteberg, 2015; Shahzad et al., 2020; Agrawal and Narain, 2023) 
and must be integrated into the technological design to accommodate the dynamic 
scale of operations. In Study 4, the AI-based system’s batch optimization solution was 
designed and customized, integrating technologies such as AI, CC, and SI, while 
carefully considering the warehouse layout and historical pick logs. 

Technological maintenance 
Technological maintenance is another critical factor, ensuring the long-term effect-
tiveness of Supply Chain 4.0 technological solutions in supply chains. It encompasses 
a strategic approach to sustaining the technological solutions, including regular 
maintenance routines to prevent disruptions, upkeep system performance levels, and 
maintain robust cybersecurity. Compliance with industry regulations is also para-
mount. Overall, technological maintenance is essential to ensure the technological 
solution remains a strategic asset in the supply chain realm. In essence, technological 
maintenance is vital for aligning technologies with the dynamic requirements of 
Supply Chain 4.0. It guarantees the reliability, efficiency, and security of technological 
solution, safeguarding their strategic value within supply chains. Study 4 highlights 
the relevance of this critical factor, as it elucidates the provision of post-imple-
mentation maintenance services by the AI-based system developer, included in its 
monthly subscription fee. 

91 



  

 
 

 

 
 

 
 

 
 

 

 
 
 
 

 

 
 
 

 

 

 
 

 

TRANSITION TOWARDS SUPPLY CHAIN 4.0 

Critical factors for Both Regime and Niche alignment 
Several critical factors are mutual, integral to both Regime and Niche. These critical 
factors are the provision of requisite skillsets and knowledge, financial planning and 
investment strategy, data privacy and security considerations, technological infra-
structure development and interoperability, and supply chain collaboration. 

Provision of requisite skillsets and knowledge 
One critical factor is the provision of requisite skillsets and knowledge, an element 
underscored in the reviewed literature of Study 1 (Frazzon et al., 2019; Frederico et 
al., 2019; Ghadge et al., 2020). These skillsets encompass a broad spectrum of exper-
tise, spanning areas such as data science, change management, cybersecurity, and 
more. The provision of skillsets and knowledge involves several dimensions. Firstly, 
it necessitates an assessment of the existing competencies within the current work-
force, encompassing both Regime and Niche actors. Another dimension involves 
acquiring the necessary skillsets and knowledge from external sources where needed, 
whether by recruiting new talent or outsourcing specific tasks. The imperative of con-
tinuous upskilling becomes evident when considering the ever-evolving dynamics of 
Supply Chain 4.0, as illuminated in Study 3, where technological facets undergo 
dynamic shifts, particularly with emerging trends like quantum computers, demand-
ing adaptability in both business and technology approaches. 

Additionally, the ease of use of technological solution is linked to the training 
requirements for Regime’s employees to effectively utilize technological solutions. 
Solutions designed for greater ease of use inherently reduce the training demand, 
while more complex systems demand a more comprehensive training. In Study 4, the 
moderate training proved sufficient for correctly understanding the new checklists 
generated by the AI-based system. These dimensions collectively emphasize the 
multifaceted nature of skillset and knowledge provision in the transition to Supply 
Chain 4.0, highlighting its critical role in navigating this transformative environment. 

Financial planning and investment strategy 
In Study 1, an array of literature has underscored the financially intensive nature of 
Supply Chain 4.0 (Büyüközkan and Göçer, 2018; Birkel et al., 2019; Krykavskyy et al., 
2019; Ghadge et al., 2020). Consequently, another critical factor integral to the 
transition toward Supply Chain 4.0 emerges: financial planning and investment 
strategy. This multifaceted aspect of planning encompasses various dimensions, col-
lectively shaping the financial trajectory of this transformative journey. At its core, 
financial planning demands precise budget allocation, requiring a comprehensive 
understanding of the financial commitments necessary for technological solution 
design and adoption, workforce development, business process reengineering, and 
infrastructure enhancement. Study 4 provides a practical illustration of this dimen-
sion, where the modification of the warehouse layout, including the construction of 
an additional tunnel, offered the potential for reduced travel distances facilitated by 
the AI-based system. However, such alterations introduce new costs related to con-
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struction and potential disruptions in workflow. Additionally, Study 4 highlights the 
cost implications of acquiring and implementing the AI-based system, encompassing 
initial setup costs and recurring monthly subscription fees. These elements under-
score the need for a thoughtful recalibration of budget allocation by Sienzi. 

Furthermore, collaborative planning (see Study 4) between Regime actors and 
technological solution providers can be fruitful for developing cost-effective Supply 
Chain 4.0 solutions in supply chains. This approach enables the exploration of ways 
to create optimal technological systems while minimizing costs, contributing to 
overall cost management. Additionally, financial planning extends further into the 
realm of ROI evaluation, necessitating a comprehensive assessment of the tangible 
benefits derived from the transition. It also encompasses meticulous cost-benefit 
analysis for identifying both tangible and intangible costs and benefits, enabling 
informed prioritization of investments and identification of opportunities for cost 
optimization. Moreover, the concept of Total Cost of Ownership (TCO) gains 
prominence, advocating a long-term perspective that encompasses ongoing opera-
tional expenses, maintenance costs, and potential future upgrades. Furthermore, risk 
management within the cost domain is imperative, necessitating proactive measures 
to mitigate financial uncertainties and budgetary variances. Flexibility in cost plan-
ning and adaptability to changing cost structures are paramount, acknowledging the 
dynamic nature of Supply Chain 4.0 technologies and evolving market conditions. 

Data privacy and security considerations 
The third element pertains to data privacy and security considerations emphasized in 
the germane literature reviewed in Study 1 (see for example Spanaki et al., 2018; Sobb 
et al., 2020; Gawankar et al., 2020). The technologies of Supply Chain 4.0, IoP, IoT, 
CC, BDT, AI, and SI, operate on repositories of data to underpin their transformative 
impact. Consequently, the imperative of data sharing among supply chain actors 
emerges as an inevitable reality. In this context, establishing comprehensive security 
and privacy considerations assumes paramount importance, constituting the bedrock 
for constructing a robust framework to prevent inadvertent information leakage and 
unauthorized data access. This multifaceted endeavor necessitates a multifaceted 
approach. One such approach revolves around security measures. The fortification of 
security mechanisms stands as a foundational pillar. Robust defenses must be  
developed to safeguard against potential cyber-attacks that could compromise the 
integrity and confidentiality of shared data. Conventional security measures are vital 
to counter prevalent cyber threats and must be procured and implemented col-
laboratively with cybersecurity experts. However, anticipating potential future 
threats is equally imperative. As highlighted in Study 3, contemporary security mea-
sures may prove insufficient in addressing emerging threats stemming from nascent 
technologies such as quantum computers. Developing security measures to combat 
unconventional and futuristic cyber threats necessitates extensive collaboration with 
academics, governmental bodies, industrial practitioners, and other relevant stake-
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holders. This collective effort is imperative for the establishment of a robust broad-
scale security infrastructure. The second approach encompasses confidential agree-
ments. The formulation and execution of confidential agreements among actors as-
sume critical significance. These agreements serve as legal safeguards, delineating the 
rights and responsibilities of each party in the data sharing ecosystem. The third 
approach incorporates data sharing permissions. Explicit and well-defined permis-
sions for data sharing and usage must be obtained, elucidating the precise purposes 
for which data may be utilized. This transparency ensures that data is employed 
judiciously and in alignment with the supply chain’s objectives. The last approach 
refers to regulatory compliance. Compliance with pertinent regulations and laws 
governing data privacy is an indispensable facet of privacy. Adherence to established 
standards helps to ensure that privacy matters are approached with due diligence and 
in full accordance with legal requirements. In Study 4, it is demonstrated that the 
establishment of a confidential agreement, explicit data sharing permission, and com-
pliance with regulations have effectively addressed privacy matters within the case. 

Technological infrastructure development and interoperability 
The next critical factor pertains to the development of essential technological 
infrastructure and interoperability required for the transition to Supply Chain 4.0, in 
line with the literature reviewed in Study 1 (Luthra and Mangla, 2018; De Vass et al., 
2018; Gružauskas et al., 2018; Kamble et al., 2019; Raut et al., 2019). Infrastructure 
includes high-speed internet connectivity to facilitate data transmission and 
employing necessary tools essential for adopting advanced technological systems 
(Luthra and Mangla, 2018; Jabbour et al., 2020; Gupta et al., 2021). High-speed inter-
net connectivity serves as the backbone for exchanging data and information across 
the supply chain network. Employing necessary tools to serve multifaceted purposes, 
including but not limited to data storage solutions, building a cybersecurity 
framework, and developing interoperability standards, to underpin the transforma-
tive potential of Supply Chain 4.0. Technological interoperability goes beyond the 
mere adoption of isolated technologies; it involves ensuring that these technologies 
seamlessly integrate and communicate with one another. This interoperability 
extends not only among the various Supply Chain 4.0 technologies being adopted but 
also with pre-existing technologies like legacy systems. In Study 2, a noteworthy 
observation was made regarding the positive impact of integrating IoT technologies 
with ERP systems and facilitating inter-ERP integration among supply chain actors. 
Achieving these technological integrations necessitates the establishment of 
interoperable protocols among these diverse technologies. Similarly, in Study 4, clear 
instances of interoperability were observed, both within the internal technological 
components of the AI-based system and between the AI-based system and the 
warehouse’s ERP system through API. This underscores the critical role of inter-
operability in the seamless functioning of Supply Chain 4.0, both within the ecosys-
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tem of Supply Chain 4.0 technologies and in collaboration with legacy systems like 
ERP. 

Supply chain collaboration 
The last critical factor pertains to supply chain collaboration. In Study 1, several 
literatures (Szozda, 2017; Frederico et al., 2019; Patrucco et al., 2020; Barata, 2021) 
underscore this critical factor, which emerges as a linchpin for the successful tran-
sition to Supply Chain 4.0 and advanced technological solutions. It is essential for the 
other critical factors discussed throughout this thesis, such as the reconfiguration of 
information flow dynamics, data privacy and security, data management, business 
context understanding, and technological interoperability. A common thread across 
these critical factors is the imperative of supply chain collaboration. Effective supply 
chain collaboration can encompass joint planning, coordinated operations, and 
seamless communication. For example, in Study 4, achieving alignment among 
Kairos, Sienzi, and Select at strategic, structural, and operational levels was only pos-
sible through collaborative efforts. Similarly, Study 3 emphasizes the significance of 
multi-actor collaboration, involving both business and non-business actors, to 
develop quantum-resistant BC globally. Moreover, Study 2 sheds light on the benefits 
of IoT-ERP and inter-ERP integrations, which are only achievable when supply chain 
actors collaborate harmoniously. Today, collaboration extends beyond internal pro-
cesses; they are essential for fostering seamless interaction with supply chain partners. 
Supply chain collaboration enables organizations to adapt swiftly to changing market 
conditions, customer demands, and emerging technologies. Collaboration can foster 
innovation by pooling resources, knowledge, and expertise from various partners, 
which is fruitful for staying competitive in a rapidly evolving landscape. In essence, 
supply chain collaboration serves as the backbone of Supply Chain 4.0, empowering 
businesses to fully leverage its potentials and adeptly navigate the complexities of the 
business realm. 

5.2.1 Thesis integrative framework 
Based on the synthesis and discussions, the integrative framework for this thesis is 
presented in Figure 3. This framework outlines the transition to Supply Chain 4.0, 
involving Regime’s supply chains and Niche technological solution providers, and 
how it entails adapting dynamic capabilities, including sensing, seizing, and trans-
formation. The twelve identified technologies associated with Supply Chain 4.0 illus-
trate the spectrum of technological resources Niche actors often rely on to develop 
their corresponding technological solutions. Subsequently, Regime’s supply chains 
embark on the journey toward Supply Chain 4.0 by mobilizing these technological 
solutions. Consequently, identifying these twelve technologies supports the seizing 
component of dynamic capabilities. 

Furthermore, this seizing is preceded by the sensing component, wherein 
Regime’s supply chains form their judgments regarding the adoption decision. In the 

95 



  

  

 

 

 
 

TRANSITION TOWARDS SUPPLY CHAIN 4.0 

context of this thesis, sensing encompasses the assessment of Supply Chain 4.0 and 
its subsets to inform these judgments and potentially guide the subsequent seizing. 
The discerned benefits and challenges associated with the twelve technologies and 
general Supply Chain 4.0 bolster the sensing component, aiding in forming well-
informed judgments. 

Ultimately, any sensing and seizing endeavors are accompanied by a transforma-
tion phase that necessitates alignment between the solution provider and the 
Regime’s supply chain. The framework outlines critical factors necessary at both the 
technology and general levels to facilitate this alignment. This alignment is symbiotic, 
involving a bilateral arrangement between Niche and Regime actors. To address this 
symbiotic alignment, critical factors at the general level are categorized into three 
aspects: critical factors for Regime-to-Niche alignment, critical factors for Niche-to-
Regime alignment, and critical factors for both Regime and Niche alignment. 
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5.2.2 Supply Chain 4.0 benefits, challenges, and critical factors  
in the Turkish context 

The identified benefits, challenges, and critical factors in this thesis can contribute to 
the adaptation of dynamic capabilities of Regime actors within Turkey who aim to 
transition to Supply Chain 4.0. Such transitions within developing economies like 
Turkey often rely on Niche developments within more robust technology industries 
in developed economies (Dzyubenko, 2021; Marinas et al., 2021; Monasterio Astobiza 
et al., 2022), as exemplified by the relationship between Sienzi and Kairos. The 
targeted contributions of the thesis are in line with Turkey’s efforts to accelerate the 
adoption of advanced technologies across industries (Sahin and Zengin, 2017; 
Gungor, 2018; Duman and Akdemir, 2021), and with its limited progress in this 
direction (Atik and Ünlü, 2019; Izmen et al., 2020). 

Antony et al. (2023) conducted an online survey involving 149 Industry 4.0 experts 
and professionals in their cross-sectional and longitudinal study. Their research 
aimed to explore the benefits, challenges, and critical factors associated with imple-
menting Industry 4.0 in manufacturing processes, specifically focusing on comparing 
developing and developed economies. 

Antony et al. (2023) found that efficiency and agility were paramount to Industry 
4.0 adopters in developing economies, as these two benefits were realized com-
paratively less often in firms within this category than in developed ones. Besides, 
they identified top challenges prioritized in developing economies, including high 
costs, a shortage of Industry 4.0 skills, integration of technology platforms, resistance 
to change, and data security concerns. Furthermore, Antony et al. emphasized the 
importance of three critical factors, which they deemed equally significant in both 
developing and developed economies: top management support, employee avail-
ability, and alignment of Industry 4.0 solutions to organizational strategies. 

The findings from Antony et al.’s (2023) study resonate with the benefits, 
challenges, and critical factors identified in this thesis, namely supply chain process 
optimization (benefit); high costs, scarcity of requisite skillsets, intricacies of co-
ordination in Supply Chain 4.0, and security and privacy concerns (challenges); 
management commitment, understanding of the Regime’s context by technological 
solution provider, customization of technological design and solutions, technological 
maintenance, provision of requisite skillsets and knowledge, technological infra-
structure development and interoperability (critical factors). 

Benefits 
Given that Turkey is classified as a developing economy (Ersoz et al., 2022; Habeşoğlu 
et al., 2022), Sienzi’s decision to implement the AI-based system for routing opti-
mization in its warehouse, aimed at reducing resource consumption during the pick-
ing process, is consistent with Antony et al.’s (2023) emphasis on efficiency as a 
prioritized benefit in developing economies. 
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Using the AI-based system, Sienzi has reduced travel distance and time by 27.25% 
and 22.82%, respectively. Travel time, which constitutes the majority of time 
consumed in the picking activity, is considered a function of travel distance (de 
Koster et al., 2007; Tajima et al., 2020). The picking activity accounts for at least 35% 
of warehouses’ total operating cost (Coyle et al., 1996; de Koster et al., 2007; Richards, 
2017; Stević et al., 2022). These achievements, together with reduced picking errors 
and printouts facilitated by using the AI-based system, can significantly contribute to 
the efficiency of Sienzi’s warehousing process, resulting in lower reach truck energy 
costs for traveling, lower labor costs, lower stationary costs, and lower truck main-
tenance costs. 

Challenges 
The challenges encountered in the case study, including costs, structural alignment 
between technologies, and resistance to change, corroborate three of the five chal-
lenges identified by Antony et al. (2023) within the Turkish context. The challenge 
on skill shortage (Antony et al., 2023) was observed in Select. 

While considerable cost savings occurred by using the AI-based system, there are 
generated costs related to implementation and monthly subscription fees, which 
could be further escalated by the business adjustment cost if Sienzi were to construct 
an additional tunnel. Notwithstanding this, adding a tunnel would, in return, increase 
the additional yield on travel distance by 13.91% as evidenced by the simulation 
results, which could have counterbalanced the business adjustment cost to a certain 
extent. Nevertheless, costs associated with such tunnel construction potentially 
proved to be a hindrance. This is in line with the survey conducted among 108 firms 
and 110 technology suppliers in Turkey, which reveals that the investment cost is the 
most evident challenge for the transition to advanced technologies (TÜSİAD, 2017, 
as cited in Erdil, 2021). 

Moreover, the COVID 19 pandemic has brought chaos to many firms. This chaos 
has also emerged at Sienzi, as highlighted in the collected data, leading to staff 
experiencing overwhelming stress and fatigue due to the heavy workload extending 
to the post-pandemic era. Such a situation potentially played a role in the resistance 
of Sienzi’s staff members to major changes and adjustments in their working 
environment, such as building a tunnel in the warehouse, as part of the Regime align-
ment with the Niche technological solution. The resistance to change can also be 
attributed to the fear of losing freedom in performing tasks, as evidenced in Study 4, 
or the fear of losing the job among low-skilled laborers due to the transition to 
advanced technologies (Frey and Osborne, 2017; Ghobakhloo and Fathi, 2019). 

While reducing job availability for low-skilled laborers, transitioning to advanced 
technologies creates opportunities for technology-related jobs (Ghobakhloo, 2020). 
In this regard, Antony et al.’s (2023) challenge related to skill shortages can be 
attributed to the migration of such highly skilled workers to more developed econo-
mies, which offer greater economic stability, higher salaries, and a higher standard of 
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living. The Organisation for Economic Co-operation and Development (OECD) 
Secretariat’s report underscores that Turkey ranks among the least attractive destina-
tions for skilled workers’ migration among OECD member countries (Organisation 
for Economic Co-operation and Development [OECD Secretariat], 2023), making 
pertinent employee recruitment within Turkey a complex task and underscoring the 
importance of training and upskilling, as emphasized in this thesis. The skilled 
worker shortage challenge in Turkey was also observed in Select, which had struggles 
with replacing lost software engineers. 

This shortage of skilled workers can also condition the other challenge pertaining 
to structural alignment between technologies (please refer to Study 4). Since the 
incorporation of advanced technologies into the existing technological architecture 
of Regime actors can be accompanied by developing new APIs, relevant skillsets, such 
as programing and software engineering, become significant. Hence, the pool of 
available skillsets directly links to the possibilities of effective structural alignment 
between technologies. 

Critical factors 

Unlike the results of Antony et al. (2023), data security and privacy considerations 
emerged as critical factors rather than significant challenges in this thesis’ case study. 
The case study demonstrates that using NDA and confidential agreements, in 
conjunction with compliance with privacy regulations, effectively mitigated privacy 
concerns. On the landscape level, data protection laws in Turkey could have played a 
vital role in mitigating privacy challenges in the case study. For example, NDAs and 
other privacy-related agreements are legally enforceable in Turkey and widely used 
to protect sensitive information and trade secrets. Turkey’s Personal Data Protection 
Law, known as KVKK (Kanunen Kişisel Verilerin Korunması Kanunu), which was 
enacted in 2016, primarily focuses on safeguarding individuals’ data and regulating 
companies’ data handling practices (Keküllüoğlu and Acar, 2023). Although KVKK 
has been critiqued for lacking clear accountability standards (Geden and Bensghir, 
2019), it is enforced in Turkey and contributes to data protection efforts. While 
KVKK can be further expanded and improved, comparable approaches can be 
applied in countries with socio-economic characteristics similar to Turkey. Addi-
tionally, the ever-present threat of cyberattacks also necessitates deploying robust 
cybersecurity measures. 

Next, Management can play an important role in overcoming challenges. As high-
lighted in Study 4, a more comprehensive Sienzi’s investigation of the proposed tun-
nel construction in the warehouse could have identified solutions to minimize space 
utilization and associated costs. This, in turn, might have yielded a cost-justifiable 
solution, potentially addressing one of the main reasons for rejecting the tunnel 
construction. In this regard, management commitment is crucial to initiate such an 
investigation. Management’s role can also be vital for potentially softening the resis-
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tance to change arising from heavy workloads during and after the pandemic, appre-
hensions about losing autonomy in task execution, or fear of job loss. Through vari-
ous motivating initiatives, managers can help alleviate these concerns and smooth the 
transition process. 

Moreover, governments can be significant for developing necessary education 
(Rafferty et al., 2019). To bolster the technology-related labor market, the Turkish 
government, on the landscape level, in cooperation with universities and the private 
sector, has developed initiatives such as Turkey’s digital roadmap, in which training 
and educating technology-related expertise are emphasized for the transition to 
advanced technologies (Özlü, 2017; Erdil, 2021). Specifically, Turkey’s digital road-
map focuses on the growth and development of six main areas: human, technology, 
infrastructure, suppliers, users, and governance (Erdil, 2021). 

Nevertheless, this roadmap is associated with certain shortcomings. First, it 
mainly focuses on the transition of the manufacturing industry; second, it lacks 
complete clarity on possible coordination mechanisms; third, the resources needed 
for implementing the roadmap are not extensively identified; forth, it doesn’t capture 
the role that can be played by other actors like trade union (Erdil, 2021). Among these 
shortcomings, an overemphasis on developing a technology-skilled workforce solely 
for manufacturing neglects the need for similar skills in other areas, negatively 
impacting the labor market in the long-term. As extensive transition to advanced 
technologies potentially can engender magnified low-skilled job loss in specific areas, 
such as logistics and supply chain, beyond manufacturing (Frey and Osborne, 2017), 
such negligence can lead to a shortage of skilled workers alongside a surplus of low-
skilled labor in these areas of the labor market.  

Stakeholders at the Regime, Niche, and landscape levels engaged in the transition 
to Supply Chain 4.0 within Turkey need to adopt a comprehensive approach that 
encompasses all the critical factors. It is important to develop the necessary infra-
structure through collaborative efforts among government, universities, and firms 
with user-centric approaches. Turkish Niche and Regime actors must consider the 
symbiotic nature of critical factors necessary for transition alignments. They also 
need to account for the dynamic feature of the technological landscape, engendering 
probable needs for reconfiguring established relationships with the advent of dis-
ruptive technologies to cope with new challenges and opportunities. In this thesis, the 
critical factors identified encompass but are not limited to those outlined by Antony 
et al. (2023). This thesis concurs with Antony et al. (2023) in emphasizing the equal 
significance of all critical factors.  
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6. Conclusions 

This concluding section offers final remarks that summarize the key aspects of the thesis 
and answer the research questions. It then elucidates the implications of this thesis for 
the related literature, theory base, and practice. Finally, the limitations of this thesis are 
acknowledged, and potential avenues for future research are outlined. 

6.1 Concluding remarks 
This thesis presents its concluding remarks in light of the findings and discussions. 
Supply Chain 4.0 signifies the application of advanced technologies into supply 
chains, ushering in a technological transformation in how supply chains work. The 
technologies encompassed in Supply Chain 4.0 include, but are not limited to, IoT, 
CC, BC, AI, IoP, BDTs, AR, AU, RO, AM, SI, and ST, with the first four being the 
base technologies. Tailoring Supply Chain 4.0 technologies results in varied solutions, 
and their usability depends on the needs and context of the hosting supply chain. The 
spectrum of Supply Chain 4.0 technological solutions encompasses full-scale auto-
mation to those augmenting and enhancing human-centered operations. 

Drawing upon the MLP, Supply Chain 4.0 technological solutions are often 
developed by Niche actors who leverage advanced technologies from the tech-
nological landscape. These Niche developments often occur within developed eco-
nomies’ technology industry due to favorable conditions fostering the growth of firms 
therein. Regime supply chain actors in developed and developing economies rely on 
these technology industries’ solutions for the transition to Supply Chain 4.0 and its 
advanced technologies. The solutions are then incorporated into specific Regime’s 
supply chains through technological complementarity and symbiotic alignment 
encompassing both Niche and Regime actors.  

From a strategic management perspective, establishing the Niche-Regime part-
nership, which is subject to change as the technological landscape evolves, shapes the 
strategic organization of the supply chain, where interfirm cooperative networks 
exploit the technological resources of participants to transition to Supply Chain 4.0. 
To enable such a transition, Regime actors must adapt their dynamic capabilities. 
Teece’s (2019) dynamic capabilities theory, encompassing sensing, seizing, and 
transformation, underscores the importance of both adoption (sensing and seizing) 
and alignment (transformation). This implies that transition success is not solely 
contingent on acquiring Niche solutions but also demands alignment between the 
Regime’s supply chain and the Niche technological solution provider. In this regard, 
the concept of business-technology alignment underscores the symbiotic nature of 
this alignment, requiring concerted efforts from both Regime and Niche actors. 
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This thesis aims to enrich this framework for transitioning to Supply Chain 4.0, 
through inquiring into the benefits, challenges, and critical factors associated with 
this transition. Specifically, Research Questions 1 and 2 focus on benefits and 
challenges to inform judgments about the transition decision, pertaining to the sen-
sing component of Teece’s dynamic capabilities. The twelve Supply Chain 4.0 
technologies identified in this thesis shed light on the seizing component by 
elucidating the array of technological resources tailoring into the Niche solutions that 
Regime’s supply chains seek to mobilize. Accordingly, investigating Supply Chain 4.0 
technologies’ benefits and challenges based upon the identified twelve technologies. 
Ultimately, Research Question 3 addresses critical factors necessary for alignment, 
relating to the transformation component.  

In response to the research questions posed in this thesis, the following benefits, 
challenges, and critical factors have been identified. The benefits associated with the 
transition to Supply Chain 4.0 encompass: supply chain transparency; enhanced 
decision-making; supply chain integration, and supply chain process optimization. 
The challenges include: high costs; scarcity of requisite skillsets; security and privacy 
concerns; infrastructure development complexities; intricacies of coordination in 
Supply Chain 4.0, and inherent complexities within the technologies themselves. 
Critical factors were identified within three distinct aspects, in line with the concept 
of business-technology alignment. Critical factors for Regime-to-Niche alignment 
involve supply chain process reengineering, data management, and management 
commitment. Critical factors for Niche-to-Regime alignment include understanding 
of the Regime’s context by the technological solution provider, customization of 
technological design and solutions, and technological maintenance. Finally, critical 
factors for both Regime and Niche alignment encompass providing requisite skillsets 
and knowledge, financial planning and investment strategy, data privacy and security 
considerations, technological infrastructure development and interoperability, and 
supply chain collaboration. Furthermore, this thesis underscores the importance of 
conducting analyses at the technology level, in addition to the general Supply Chain 
4.0. To this end, benefits, challenges, and critical factors pertaining to the identified 
twelve Supply Chain 4.0 technologies are elaborated upon. 

6.2 Implications for the pertinent literature and theory base 
The present thesis sheds light on a theoretical framework to present an account of the 
transition to Supply Chain 4.0. This understanding on a theoretical framework is 
consistent with Weber’s (2003) view that – a theory is an account that is intended to 
explain or predict some phenomena that we perceive in the world (p. iv). Accordingly, 
the thesis’ theoretical framework is underpinned by bridging dynamic capabilities, 
MLP, and business-technology alignment. This framework is then enriched through 
investigating and identifying benefits, challenges, and critical factors associated with 
the transition to Supply Chain 4.0. 
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6. CONCLUSIONS 

Essentially, this account suggests that by adapting dynamic capabilities – through 
sensing, seizing, and transformation – Regime’s supply chains can effectively adopt 
Niche technological solutions related to Supply Chain 4.0, which are hitherto external 
to them, thereby harnessing their transformative power to enhance competitive 
advantage. In line with this account, focusing on benefits, challenges, and critical 
factors can equip the dynamic capability adaptation process with valuable guidance. 
The MLP provides a structural foundation for identifying the levels involved in 
adapting dynamic capabilities for the transition to Supply Chain 4.0, while Business-
technology alignment extends the transformation component by emphasizing the 
symbiotic nature of its alignment. 

This approach has, to the  best of the  author’s knowledge, not been sufficiently 
explored in previous Supply Chain 4.0 literature. It is also consistent with the 
emphasis of this thesis on the diversity of Supply Chain 4.0 solutions, ranging from 
complete automation to supporting human-centric operations, questioning the over-
emphasis on nearly end-to-end automation and integration of supply chain as the 
sole desired outcome of such a transition, which could lead to significant job loss 
worldwide. The considerable efficiency and cost savings in Sienzi through a transition 
to a solution that does not “automate nearly everything” support this view that there 
is no need to exclusively link Supply Chain 4.0 with rigid end-to-end automation 
solutions to achieve meaningful benefits. This perspective also addresses the need for 
balanced human-technology approaches, reflected in ambiguous terms like Supply 
Chain 5.0. In one of the highly cited articles within the domain, Frederico et al., in 
2019, acknowledge the limited conceptualization of Supply Chain 4.0. Then 
Frederico, in 2021, signals the shift to Supply Chain 5.0. It is incoherent to assume 
that we can transcend from an under-conceptualized Supply Chain 4.0 to Supply 
Chain 5.0 within two years. It took no less than half a century from the start of 
Industry 3.0 to the coinage of Industry 4.0. Accordingly, such a shift from one revo-
lution to the next logically cannot occur within ten to thirteen years, particularly 
when there is limited conceptualization of the domain. The transition to Supply 
Chain 4.0 and the adoption of its hitherto external technological resources by 
Regime’s supply chains can be accounted for through the presented theoretical 
framework and focusing on benefits, challenges, and critical factors can contribute to 
enriching it. 

Moreover, consistent with the view that Supply Chain 4.0 encompasses diversified 
solutions, driven by its technological composition, this thesis promotes a discourse 
on the importance of conducting in-depth investigations at the technology level 
within the Supply Chain 4.0 domain. Given the dynamic and multifaceted nature of 
the technological landscape, Supply Chain 4.0 technologies are not set in stone. 
Nevertheless, relevant scholarly efforts could benefit from focusing on Supply Chain 
4.0 technologies to advance the frontiers of this domain. Therefore, an implication is 
to emphasize conducting rigorous research at the technology level. 
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TRANSITION TOWARDS SUPPLY CHAIN 4.0 

By developing the insights targeted in this thesis, the research area surrounding 
Supply Chain 4.0 can progress. This thesis has endeavored to produce insights that 
can stimulate discussions, further investigations, and refinement within this research 
field, thereby contributing to the development trajectory of relevant literature. 

6.3 Implications for practice 
The present thesis offers insights to Regime’s supply chains and Niche actors by 
furnishing them with a comprehensive guide for navigating the transition to Supply 
Chain 4.0. It sheds light on Supply Chain 4.0 and its technologies, along with 
associated benefits, challenges, and critical factors important for evaluating and 
acquiring technological resources, as well as subsequent alignments for maximum 
utilization in pursuit of the adaptation of dynamic capabilities. While the empirical 
data and discussions in Study 4 and Section 5.2.2 shed light on various facets of the 
transition of actors within a developing economy, i.e., Turkey, other studies’ 
literature-driven data and discussions also extend the targeted audience to supply 
chain actors in developed economies. Adopting actors in both economies often rely 
on technology industries within developed economies, consistent with the Niche 
actor of the case study.  

A noteworthy implication of this thesis is the importance of symbiotic efforts for 
alignment in the transformation phase. In essence, Supply Chain 4.0 solution pro-
viders and the adopting actors have to commit to concerted efforts to ensure the 
intended outcome. Besides, they need to pursue changes in the ever-evolving tech-
nological landscape to detect and, if needed, harness new opportunities and threats, 
as evidenced by the example of quantum computers. 

Beyond Niche and Regime actors, governments, universities, and other actors in 
the landscape play an important role in the transition to Supply Chain 4.0. Provision 
of suitable internet infrastructure, training the required skillsets, developing privacy-
related regulations, financial support packages for transitioning firms, research 
funds, etc., often encompass landscape actors like governments, making them signi-
ficant in this path. Regime, Niche, and landscape need to collaborate closely to 
facilitate the transition and to ensure the advanced technologies that underpin Supply 
Chain 4.0 are sustainably delivering the intended outcome. For example, to deal with 
a quantum threat to BC and digital signature in general, a collaborative effort is 
required to ensure widespread quantum-proof cryptography. 

6.4 Limitations and avenues for future research  
The applied theoretical framework, enriched through focusing on the benefits, 
challenges, and critical factors, suggests an avenue for future research to consolidate 
it through further examinations utilizing various empirical approaches. Further 
research can delve into the identified benefits, challenges, and critical factors at both 
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6. CONCLUSIONS 

the technology and general levels within appropriate empirical contexts to enhance 
their validity and shed light on the unexplored aspects. 

Furthermore, no challenges for AR and ST, and no critical factors for the IoP have 
been identified in this thesis. This limitation is acknowledged and can provide a 
sound basis for future research efforts to uncover potential challenges and critical 
factors for these technologies. 

The empirical insights of this thesis stem from a single case study primarily 
focusing on warehousing process and a specific technological solution based on AI, 
CC, and SI. Future research can expand these empirical insights by investigating more 
cases, involving other Niche-Regime scopes of relationships within different supply 
chain processes, such as transportation or retailing. These studies can focus on 
alternative technological solutions, including, for example, the IoT, and encompass 
other geographical locations to potentially reveal new benefits, challenges, and critical 
factors for the transition to Supply Chain 4.0. 

Moreover, this thesis focuses on the Niche-Regime relationship for transitioning 
to Supply Chain 4.0, assuming that related technological solutions often develop 
within the boundaries of Niche actors. While it may be challenging to motivate the 
sharing of knowledge regarding such competitive solutions, future research could 
investigate cases where leading actors in Regime’s supply chains also develop endo-
genous Supply Chain 4.0 solutions due to their robust research and development, 
financial, and human resources. 

Additionally, this thesis has primarily focused on quantum computers as an 
example of the potential disruption of established Supply Chain 4.0 technologies by 
nascent technologies. Future research could delve deeper into alternative scenarios 
involving other Supply Chain 4.0 and nascent technologies within the ever-evolving 
technological landscape. Also, future scholarly efforts can explore the empirical 
implications of quantum computers on BC and digital signatures in general, once this 
technology has achieved sufficiently mature and widespread status. 

Likewise, the interaction between Niche and Regime technologies can extend 
beyond RFID and ERP. Other legacy systems, such as Electronic Data Interchange 
and barcodes, can be investigated in a complementary approach with Supply Chain 
4.0 technologies. 

Ultimately, for future systematic reviews, it is recommended to consider addi-
tional databases beyond WoS and BSP while extending the timeframe beyond 2021. 
This approach will provide a more comprehensive understanding of the subject in 
question. 
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Appendix 

Appendix A: Consent Letter Template (Sienzi) 

Request for participation in the AI-based 
warehouse picking research project (AIWP) 

Background and purpose  
AIWP aims at investigating the order picking optimization in the 
warehouse. 

The general idea is to inquire about an information system for “picking 
activity” in the warehouse, and to compare the pertinent performance 
indicators before and after the information system’s implementation. 
Besides, it is targeted to understand what challenges and critical factors are 
evident in using the system. The system is based on artificial intelligence 
which has previously shown results in terms of improving productivity 
and reducing the warehouse picking time and costs.  

The AIWP project is headed by Södertörn University, If you have any 
questions about your data and interview, please contact: Professor Pejvak 
Oghazi (School of Social Sciences, Sweden, pejvak.oghazi@sh.se). 

What does participation in the study entail? 
Participation in the study involves sharing performance indicators before 
and after the system implementation, together with the associated system 
using challenges and critical factors, and participating in in-depth inter-
views. The questions will include the operational and logistics per-
formance indicators, and the experience and the overview of implemen-
ting the picking system. The research team collects data by measuring the 
travel time and distance in the pick rounds conducted by the warehouse 
with and without the system. The data on the warehouse layouts will also 
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be used for simulating the travel distance with the presence of a hypo-
thetical tunnel. 

We will record audio from the interviews. 

What happens to the information about you? 
The data will be simulated and analyzed in software and applications such 
as Word, Excel and Stata. The text files containing transcripts from the 
interview are encrypted and then stored on a secure server. These files are 
only available to members in the project. The audio files will be stored at a 
server, which is particularly suitable for securely storing such data.  

The results of the AIWP project will be published through scientific 
manuscripts, available for public. Participants in the study will be given the 
opportunity to read and approve quotes and information, before publi-
cations that are planned with this study. The position and identity of the 
interviewees, as well as the name of the company(s) can be publicly pub-
lished. 

The AIWP project is scheduled to end by the end of December 2024. 

Consent to participate in the study 
I, xxxxx xxxxx, xxxxxxx xxxxxxx xxx xxxxxxx of Sienzi Lojistik Antrepo ve 
Dış Tic. Ltd. Şti, received information about participating in the study (the 
AIWP project) and hereby I provide my consent for participation. Upon 
the signature of this consent letter, I, xxxxx xxxxx, xxxxxxx xxxxxxx xxx 
xxxxxxx of Sienzi Lojistik Antrepo ve Dış Tic. Ltd. Şti, verify that the 
warehouse party will fully collaborate with the process of data collection 
for this project. 

Company: 

Name: 

Title: 

Date and signature: 
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Appendix B: Consent Letter Template (Select)  

Request for participation in the AI-based 
warehouse picking research project (AIWP) 

Background and purpose  
AIWP aims at investigating the order picking optimization in the ware-
house. 

The general idea is to inquire about an information system for “picking 
activity” in the warehouse, and to compare the pertinent performance 
indicators before and after the information system’s implementation. 
Besides, it is targeted to understand what challenges and critical factors are 
evident in using the system. The system is based on artificial intelligence 
which has previously shown results in terms of improving productivity 
and reducing the warehouse picking time and costs.  

In the context of AIWP, Select Bilişim Hizmetleri AŞ, the provider of the 
warehouse’s Enterprise Resource Planning, involved in the implementa-
tion and usage of this artificial intelligence-based system in the warehouse. 
Hence, Select Bilişim Hizmetleri AŞ is also to be inquired in the AIWP. 

The AIWP project is headed by Södertörn University, If you have any 
questions about your data and interview, please contact: Professor Pejvak 
Oghazi (School of Social Sciences, Sweden, pejvak.oghazi@sh.se). 

What does participation in the study entail? 
Participation in the study involves sharing performance indicators before 
and after the system implementation, together with the associated system 
using challenges and critical factors, and participating in in-depth inter-
views. The questions will include the operational and logistics perfor-
mance indicators, and the experience and the overview of implementing 
the picking system. The research team collects data by measuring the travel 
time and distance in the pick rounds conducted by the warehouse with and 
without the system. The data on the warehouse layouts will also be used 
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for simulating the travel distance with the presence of a hypothetical 
tunnel. 
We will record audio from the interviews. 

What happens to the information about you? 
The data will be simulated and analyzed in software and applications such 
as Word, Excel and Stata. The text files containing transcripts from the 
interview are encrypted and then stored on a secure server. These files are 
only available to members in the project. The audio files will be stored at a 
server, which is particularly suitable for securely storing such data.  

The results of the AIWP project will be published through scientific 
manuscripts, available for public. Participants in the study will be given the 
opportunity to read and approve quotes and information, before publica-
tions that are planned with this study. The position and identity of the 
interviewees, as well as the name of the company(s) can be publicly 
published. 

The AIWP project is scheduled to end by the end of December 2024. 

Consent to participate in the study 
I, xxxxxx xxxxxx, xxx xxxxx xxxxxxxxx xxxxxxx (xxx) of Select Bilişim 
Hizmetleri AŞ, received information about participating in the study (the 
AIWP project) and hereby I provide my consent for participation. Upon 
the signature of this consent letter, I, xxxxxx xxxxxx, xxx xxx of Select 
Bilişim Hizmetleri AŞ, verify that the Select Bilişim Hizmetleri AŞ party 
will fully collaborate with the process of data collection for this project.  

Company: 

Name: 

Title: 

Date and signature: 
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Appendix C: Consent Letter Template (Kairos) 

Request for participation in the AI-based 
warehouse picking research project (AIWP) 

Background and purpose  
AIWP aims at investigating the order picking optimization in the ware-
house. 

The general idea is to inquire about an information system for “picking 
activity” in the warehouse, and to compare the pertinent performance 
indicators before and after the information system’s implementation. 
Besides, it is targeted to understand what challenges and critical factors are 
evident in using the system. The system is based on artificial intelligence 
which has previously shown results in terms of improving productivity 
and reducing the warehouse picking time and costs.  

In the context of AIWP, Kairos Logic AB, the provider of the artificial 
intelligence-based system, involved in the implementation and usage of 
this system in the warehouse. Hence, Kairos Logic AB is also to be inquired 
in the AIWP. 

The AIWP project is headed by Södertörn University, If you have any 
questions about your data and interview, please contact: Professor Pejvak 
Oghazi (School of Social Sciences, Sweden, pejvak.oghazi@sh.se). 

What does participation in the study entail? 
Participation in the study involves sharing performance indicators before 
and after the system implementation, together with the associated system 
using challenges and critical factors, and participating in in-depth 
interviews. The questions will include the operational and logistics per-
formance indicators, and the experience and the overview of imple-
menting the picking system. The research team collects data by measuring 
the travel time and distance in the pick rounds conducted by the 
warehouse with and without the system. The data on the warehouse 
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layouts will also be used for simulating the travel distance with the 
presence of a hypothetical tunnel. 
We will record audio from the interviews. 

What happens to the information about you? 
The data will be simulated and analyzed in software and applications such 
as Word, Excel and Stata. The text files containing transcripts from the 
interview are encrypted and then stored on a secure server. These files are 
only available to members in the project. The audio files will be stored at a 
server, which is particularly suitable for securely storing such data.  

The results of the AIWP project will be published through scientific 
manuscripts, available for public. Participants in the study will be given the 
opportunity to read and approve quotes and information, before 
publications that are planned with this study. The position and identity of 
the interviewees, as well as the name of the company(s) can be publicly 
published. 

The AIWP project is scheduled to end by the end of December 2024. 

Consent to participate in the study 
I, xxxxxx xxxx, xxx xxxxx xxxxxxxxx xxxxxxx (xxx) xxx xxxxxxx of Kairos 
Logic AB, received information about participating in the study (the AIWP 
project) and hereby I provide my consent for participation. Upon the 
signature of this consent letter, I, xxxxxx xxxx, xxx xxx xxx xxxxxxx of 
Kairos Logic AB, verify that the Kairos Logic AB party will fully collaborate 
with the process of data collection for this project. 

Company: 

Name: 

Title: 

Date and signature: 

130 



 

 

 
 

  

 

Södertörn Doctoral Dissertations 

1. Jolanta Aidukaite, The Emergence of the Post-Socialist Welfare State: The case of the Baltic 
States: Estonia, Latvia and Lithuania, 2004 

2. Xavier Fraudet, Politique étrangère française en mer Baltique (1871–1914): de l’exclusion à 
l’affirmation, 2005 

3. Piotr Wawrzeniuk, Confessional Civilising in Ukraine: The Bishop Iosyf Shumliansky and the 
Introduction of Reforms in the Diocese of Lviv 1668–1708, 2005 

4. Andrej Kotljarchuk, In the Shadows of Poland and Russia: The Grand Duchy of Lithuania and 
Sweden in the European Crisis of the mid-17th Century, 2006 

5. Håkan Blomqvist, Nation, ras och civilisation i svensk arbetarrörelse före nazismen, 2006 
6. Karin S Lindelöf, Om vi nu ska bli som Europa: Könsskapande och normalitet bland unga 

kvinnor i transitionens Polen, 2006 
7. Andrew Stickley. On Interpersonal Violence in Russia in the Present and the Past: A 

Sociological Study, 2006 
8. Arne Ek, Att konstruera en uppslutning kring den enda vägen: Om folkrörelsers modernisering

i skuggan av det Östeuropeiska systemskiftet, 2006 
9. Agnes Ers, I mänsklighetens namn: En etnologisk studie av ett svenskt biståndsprojekt i 

Rumänien, 2006 
10. Johnny Rodin, Rethinking Russian Federalism: The Politics of Intergovernmental Relations and 

Federal Reforms at the Turn of the Millennium, 2006 
11. Kristian Petrov, Tillbaka till framtiden: Modernitet, postmodernitet och generationsidentitet i 

Gorbačevs glasnost’ och perestrojka, 2006 
12. Sophie Söderholm Werkö, Patient patients? Achieving Patient Empowerment through Active 

Participation, Increased Knowledge and Organisation, 2008 
13. Peter Bötker, Leviatan i arkipelagen: Staten, förvaltningen och samhället. Fallet Estland, 2007 
14. Matilda Dahl, States under scrutiny: International organizations, transformation and the con-

struction of progress, 2007 
15. Margrethe B. Søvik, Support, resistance and pragmatism: An examination of motivation in 

language policy in Kharkiv, Ukraine, 2007 
16. Yulia Gradskova, Soviet People with female Bodies: Performing beauty and maternity in Soviet 

Russia in the mid 1930–1960s, 2007 
17. Renata Ingbrant, From Her Point of View: Woman’s Anti-World in the Poetry of Anna 

Świrszczyńska, 2007 
18. Johan Eellend, Cultivating the Rural Citizen: Modernity, Agrarianism and Citizenship in Late 

Tsarist Estonia, 2007 
19. Petra Garberding, Musik och politik i skuggan av nazismen: Kurt Atterberg och de svensk-tyska 

musikrelationerna, 2007 
20. Aleksei Semenenko, Hamlet the Sign: Russian Translations of Hamlet and Literary Canon 

Formation, 2007 



 

 

  
 

 

  
  

 
  

 
 

 
 

 
  
 

  
 

 
 

  

 

 
 

 

  
 

 

  

 

 
 

 

 
 

 

 
 

21. Vytautas Petronis, Constructing Lithuania: Ethnic Mapping in the Tsarist Russia, ca. 1800– 
1914, 2007 

22. Akvile Motiejunaite, Female employment, gender roles, and attitudes: The Baltic countries in 
a broader context, 2008 

23. Tove Lindén, Explaining Civil Society Core Activism in Post-Soviet Latvia, 2008 
24. Pelle Åberg, Translating Popular Education: Civil Society Cooperation between Sweden and 

Estonia, 2008 
25. Anders Nordström, The Interactive Dynamics of Regulation: Exploring the Council of Europe’s 

monitoring of Ukraine, 2008 
26. Fredrik Doeser, In Search of Security After the Collapse of the Soviet Union: Foreign Policy 

Change in Denmark, Finland and Sweden, 1988–1993, 2008 
27. Zhanna Kravchenko. Family (versus) Policy: Combining Work and Care in Russia and Sweden, 

2008 
28. Rein Jüriado, Learning within and between public-private partnerships, 2008 
29. Elin Boalt, Ecology and evolution of tolerance in two cruciferous species, 2008 
30. Lars Forsberg, Genetic Aspects of Sexual Selection and Mate Choice in Salmonids, 2008 
31. Eglė Rindzevičiūtė, Constructing Soviet Cultural Policy: Cybernetics and Governance in Lithu-

ania after World War II, 2008 
32. Joakim Philipson, The Purpose of Evolution: ‘Struggle for existence’ in the Russian-Jewish press 

1860–1900, 2008 
33. Sofie Bedford, Islamic activism in Azerbaijan: Repression and mobilization in a post-Soviet 

context, 2009 
34. Tommy Larsson Segerlind, Team Entrepreneurship: A process analysis of the venture team and 

the venture team roles in relation to the innovation process, 2009 
35. Jenny Svensson, The Regulation of Rule-Following: Imitation and Soft Regulation in the 

European Union, 2009 
36. Stefan Hallgren, Brain Aromatase in the guppy, Poecilia reticulate: Distribution, control and 

role in behavior, 2009 
37. Karin Ellencrona, Functional characterization of interactions between the flavivirus NS5 

protein and PDZ proteins of the mammalian host, 2009 
38. Makiko Kanematsu, Saga och verklighet: Barnboksproduktion i det postsovjetiska Lettland, 

2009 
39. Daniel Lindvall, The Limits of the European Vision in Bosnia and Herzegovina: An Analysis of 

the Police Reform Negotiations, 2009 
40. Charlotta Hillerdal, People in Between: Ethnicity and Material Identity: A New Approach to 

Deconstructed Concepts, 2009 
41. Jonna Bornemark, Kunskapens gräns: Gränsens vetande, 2009 
42. Adolphine G. Kateka, Co-Management Challenges in the Lake Victoria Fisheries: A Context 

Approach, 2010 
43. René León Rosales, Vid framtidens hitersta gräns: Om pojkar och elevpositioner i en multi-

etnisk skola, 2010 
44. Simon Larsson, Intelligensaristokrater och arkivmartyrer: Normerna för vetenskaplig skick-

lighet i svensk historieforskning 1900–1945, 2010 
45. Håkan Lättman, Studies on spatial and temporal distributions of epiphytic lichens, 2010 



 

 

 

 

 

  

 

 
 

 

 

 

  
 

  
 

 

 
  

 
   

 
 

 

 
 

  

  
 

 
  
 

 
  

 

46. Alia Jaensson, Pheromonal mediated behaviour and endocrine response in salmonids: The 
impact of cypermethrin, copper, and glyphosate, 2010 

47. Michael Wigerius, Roles of mammalian Scribble in polarity signaling, virus offense and cell-
fate determination, 2010 

48. Anna Hedtjärn Wester, Män i kostym: Prinsar, konstnärer och tegelbärare vid sekelskiftet 1900, 
2010 

49. Magnus Linnarsson, Postgång på växlande villkor: Det svenska postväsendets organisation 
under stormaktstiden, 2010 

50. Barbara Kunz, Kind words, cruise missiles and everything in between: A neoclassical realist 
study of the use of power resources in U.S. policies towards Poland, Ukraine and Belarus 1989– 
2008, 2010 

51. Anders Bartonek, Philosophie im Konjunktiv: Nichtidentität als Ort der Möglichkeit des 
Utopischen in der negativen Dialektik Theodor W. Adornos, 2010 

52. Carl Cederberg, Resaying the Human: Levinas Beyond Humanism and Antihumanism, 2010 
53. Johanna Ringarp, Professionens problematik: Lärarkårens kommunalisering och välfärds-

statens förvandling, 2011 
54. Sofi Gerber, Öst är Väst men Väst är bäst: Östtysk identitetsformering i det förenade Tyskland, 

2011 
55. Susanna Sjödin Lindenskoug, Manlighetens bortre gräns: Tidelagsrättegångar i Livland åren 

1685–1709, 2011 
56. Dominika Polanska, The emergence of enclaves of wealth and poverty: A sociological study of 

residential differentiation in post-communist Poland, 2011 
57. Christina Douglas, Kärlek per korrespondens: Två förlovade par under andra hälften av 1800-

talet, 2011 
58. Fred Saunders, The Politics of People – Not just Mangroves and Monkeys: A study of the theory 

and practice of community-based management of natural resources in Zanzibar, 2011 
59. Anna Rosengren, Åldrandet och språket: En språkhistorisk analys av hög ålder och åldrande i 

Sverige cirka 1875–1975, 2011 
60. Emelie Lilliefeldt, European Party Politics and Gender: Configuring Gender-Balanced Parlia-

mentary Presence, 2011 
61. Ola Svenonius, Sensitising Urban Transport Security: Surveillance and Policing in Berlin, 

Stockholm, and Warsaw, 2011 
62. Andreas Johansson, Dissenting Democrats: Nation and Democracy in the Republic of Moldova, 

2011 
63. Wessam Melik, Molecular characterization of the Tick-borne encephalitis virus: Environments 

and replication, 2012 
64. Steffen Werther, SS-Vision und Grenzland-Realität: Vom Umgang dänischer und „volks-

deutscher” Nationalsozialisten in Sønderjylland mit der „großgermanischen“ Ideologie der SS, 
2012 

65. Peter Jakobsson, Öppenhetsindustrin, 2012 
66. Kristin Ilves, Seaward Landward: Investigations on the archaeological source value of the 

landing site category in the Baltic Sea region, 2012 
67. Anne Kaun, Civic Experiences and Public Connection: Media and Young People in Estonia, 

2012 



 

 

  
 

   
 

 
  
  
 

  
 

 

 
  
 

 
  

 
  
  

 
  

 
 

 
 

 
  
 

 
  
 

 
  
  
  
  
 

 
 

 
 

 
 

 

68. Anna Tessmann, On the Good Faith: A Fourfold Discursive Construction of Zoroastripanism 
in Contemporary Russia, 2012 

69. Jonas Lindström, Drömmen om den nya staden: Stadsförnyelse i det postsovjetisk Riga, 2012 
70. Maria Wolrath Söderberg, Topos som meningsskapare: Retorikens topiska perspektiv på tän-

kande och lärande genom argumentation, 2012 
71. Linus Andersson, Alternativ television: Former av kritik i konstnärlig TV-produktion, 2012 
72. Håkan Lättman, Studies on spatial and temporal distributions of epiphytic lichens, 2012 
73. Fredrik Stiernstedt, Mediearbete i mediehuset: Produktion i förändring på MTG-radio, 2013 
74. Jessica Moberg, Piety, Intimacy and Mobility: A Case Study of Charismatic Christianity in 

Present-day Stockholm, 2013 
75. Elisabeth Hemby, Historiemåleri och bilder av vardag: Tatjana Nazarenkos konstnärskap i 

1970-talets Sovjet, 2013 
76. Tanya Jukkala, Suicide in Russia: A macro-sociological study, 2013 
77. Maria Nyman, Resandets gränser: Svenska resenärers skildringar av Ryssland under 1700-talet, 

2013 
78. Beate Feldmann Eellend, Visionära planer och vardagliga praktiker: Postmilitära landskap i 

Östersjöområdet, 2013 
79. Emma Lind, Genetic response to pollution in sticklebacks: Natural selection in the wild, 2013 
80. Anne Ross Solberg, The Mahdi wears Armani: An analysis of the Harun Yahya enterprise, 

2013 
81. Nikolay Zakharov, Attaining Whiteness: A Sociological Study of Race and Racialization in 

Russia, 2013 
82. Anna Kharkina, From Kinship to Global Brand: The Discourse on Culture in Nordic Coopera-

tion after World War II, 2013 
83. Florence Fröhlig, A painful legacy of World War II: Nazi forced enlistment: Alsatian/ 

Mosellan Prisoners of war and the Soviet Prison Camp of Tambov, 2013 
84. Oskar Henriksson, Genetic connectivity of fish in the Western Indian Ocean, 2013 
85. Hans Geir Aasmundsen, Pentecostalism, Globalisation and Society in Contemporary Argen-

tina, 2013 
86. Anna McWilliams, An Archaeology of the Iron Curtain: Material and Metaphor, 2013 
87. Anna Danielsson, On the power of informal economies and the informal economies of power: 

Rethinking informality, resilience and violence in Kosovo, 2014 
88. Carina Guyard, Kommunikationsarbete på distans, 2014 
89. Sofia Norling, Mot ”väst”: Om vetenskap, politik och transformation i Polen 1989–2011, 2014 
90. Markus Huss, Motståndets akustik: Språk och (o)ljud hos Peter Weiss 1946–1960, 2014 
91. Ann-Christin Randahl, Strategiska skribenter: Skrivprocesser i fysik och svenska, 2014 
92. Péter Balogh, Perpetual borders: German-Polish cross-border contacts in the Szczecin area, 

2014 
93. Erika Lundell, Förkroppsligad fiktion och fiktionaliserade kroppar: Levande rollspel i Östersjö-

regionen, 2014 
94. Henriette Cederlöf, Alien Places in Late Soviet Science Fiction: The “Unexpected Encounters” 

of Arkady and Boris Strugatsky as Novels and Films, 2014 
95. Niklas Eriksson, Urbanism Under Sail: An archaeology of fluit ships in early modern everyday 

life, 2014 



 

 

  
 

 

 
  
 

 
  

 
 

 
 

 
   
 

 
 

 
  
 

 

 
 

 
 

 

  
 

 

 
  

 

 

 
  
  
 

 
  

 

96. Signe Opermann, Generational Use of News Media in Estonia: Media Access, Spatial Orien-
tations and Discursive Characteristics of the News Media, 2014 

97. Liudmila Voronova, Gendering in political journalism: A comparative study of Russia and 
Sweden, 2014 

98. Ekaterina Kalinina, Mediated Post-Soviet Nostalgia, 2014 
99. Anders E. B. Blomqvist, Economic Natonalizing in the Ethnic Borderlands of Hungary and 

Romania: Inclusion, Exclusion and Annihilation in Szatmár/Satu-Mare, 1867–1944, 2014 
100. Ann-Judith Rabenschlag, Völkerfreundschaft nach Bedarf: Ausländische Arbeitskräfte in der 

Wahrnehmung von Staat und Bevölkerung der DDR, 2014 
101. Yuliya Yurchuck, Ukrainian Nationalists and the Ukrainian Insurgent Army in Post-Soviet 

Ukraine, 2014 
102. Hanna Sofia Rehnberg, Organisationer berättar: Narrativitet som resurs i strategisk kommu-

nikation, 2014 
103. Jaakko Turunen, Semiotics of Politics: Dialogicality of Parliamentary Talk, 2015 
104. Iveta Jurkane-Hobein, I Imagine You Here Now: Relationship Maintenance Strategies in Long-

Distance Intimate Relationships, 2015 
105. Katharina Wesolowski, Maybe baby? Reproductive behaviour, fertility intentions, and family 

policies in post-communist countries, with a special focus on Ukraine, 2015 
106. Ann af Burén, Living Simultaneity: On religion among semi-secular Swedes, 2015 
107. Larissa Mickwitz, En reformerad lärare: Konstruktionen av en professionell och betygssättande 

lärare i skolpolitik och skolpraktik, 2015 
108. Daniel Wojahn, Språkaktivism: Diskussioner om feministiska språkförändringar i Sverige från 

1960-talet till 2015, 2015 
109. Hélène Edberg, Kreativt skrivande för kritiskt tänkande: En fallstudie av studenters arbete med 

kritisk metareflektion, 2015 
110. Kristina Volkova, Fishy Behavior: Persistent effects of early-life exposure to 17α-ethiny-

lestradiol, 2015 
111. Björn Sjöstrand, Att tänka det tekniska: En studie i Derridas teknikfilosofi, 2015 
112. Håkan Forsberg, Kampen om eleverna: Gymnasiefältet och skolmarknadens framväxt i Stock-

holm, 1987–2011, 2015 
113. Johan Stake, Essays on quality evaluation and bidding behavior in public procurement auc-

tions, 2015 
114. Martin Gunnarson, Please Be Patient: A Cultural Phenomenological Study of Haemodialysis 

and Kidney Transplantation Care, 2016 
115. Nasim Reyhanian Caspillo, Studies of alterations in behavior and fertility in ethinyl estradiol-

exposed zebrafish and search for related biomarkers, 2016 
116. Pernilla Andersson, The Responsible Business Person: Studies of Business Education for Sus-

tainability, 2016 
117. Kim Silow Kallenberg, Gränsland: Svensk ungdomsvård mellan vård och straff, 2016 
118. Sari Vuorenpää, Literacitet genom interaction, 2016 
119. Francesco Zavatti, Writing History in a Propaganda Institute: Political Power and Network 

Dynamics in Communist Romania, 2016 
120. Cecilia Annell, Begärets politiska potential: Feministiska motståndsstrategier i Elin Wägners 

‘Pennskaftet’, Gabriele Reuters ‘Aus guter Familie’, Hilma Angered-Strandbergs ‘Lydia Vik’ och 
Grete Meisel-Hess ‘Die Intellektuellen’, 2016 



 

 

 

 
 

 
 

 

 

   
 

 

  
  
 

 
 

 
  

  
 

 

 
 

 
 

 
 

 
 

 

  

  
 

 

 

  

  
 

121. Marco Nase, Academics and Politics: Northern European Area Studies at Greifswald Univer-
sity, 1917–1992, 2016 

122. Jenni Rinne, Searching for Authentic Living Through Native Faith: The Maausk movement in 
Estonia, 2016 

123. Petra Werner, Ett medialt museum: Lärandets estetik i svensk television 1956–1969, 2016 
124. Ramona Rat, Un-common Sociality: Thinking sociality with Levinas, 2016 
125. Petter Thureborn, Microbial ecosystem functions along the steep oxygen gradient of the Lands-

ort Deep, Baltic Sea, 2016 
126. Kajsa-Stina Benulic, A Beef with Meat Media and audience framings of environmentally 

unsustainable production and consumption, 2016 
127. Naveed Asghar, Ticks and Tick-borne Encephalitis Virus: From nature to infection, 2016 
128. Linn Rabe, Participation and legitimacy: Actor involvement for nature conservation, 2017 
129. Maryam Adjam, Minnesspår: Hågkomstens rum och rörelse i skuggan av en flykt, 2017 
130. Kim West, The Exhibitionary Complex: Exhibition, Apparatus and Media from Kulturhuset to 

the Centre Pompidou, 1963–1977, 2017 
131. Ekaterina Tarasova, Anti-nuclear Movements in Discursive and Political Contexts: Between 

expert voices and local protests, 2017 
132. Sanja Obrenović Johansson, Från kombifeminism till rörelse: Kvinnlig serbisk organisering i 

förändring, 2017 
133. Michał Salamonik, In Their Majesties’ Service: The Career of Francesco De Gratta (1613–1676) 

as a Royal Servant and Trader in Gdańsk, 2017 
134. Jenny Ingridsdotter, The Promises of the Free World: Postsocialist Experience in Argentina and 

the Making of Migrants, Race, and Coloniality, 2017 
135. Julia Malitska, Negotiating Imperial Rule: Colonists and Marriage in the Nineteenth century 

Black Sea Steppe, 2017 
136. Natalya Yakusheva, Parks, Policies and People: Nature Conservation Governance in Post-

Socialist EU Countries, 2017 
137. Martin Kellner, Selective Serotonin Re-uptake Inhibitors in the Environment: Effects of Citalo-

pram on Fish Behaviour, 2017 
138. Krystof Kasprzak, Vara – Framträdande – Värld: Fenomenets negativitet hos Martin Heideg-

ger, Jan Patočka och Eugen Fink, 2017 
139. Alberto Frigo, Life-stowing from a Digital Media Perspective: Past, Present and Future, 2017 
140. Maarja Saar, The Answers You Seek Will Never Be Found at Home: Reflexivity, biographical 

narratives and lifestyle migration among highly-skilled Estonians, 2017 
141. Anh Mai, Organizing for Efficiency: Essay on merger policies, independence of authorities, and 

technology diffusion, 2017 
142. Gustav Strandberg, Politikens omskakning: Negativitet, samexistens och frihet i Jan Patočkas 

tänkande, 2017 
143. Lovisa Andén, Litteratur och erfarenhet i Merleau-Pontys läsning av Proust, Valéry och 

Stendhal, 2017 
144. Fredrik Bertilsson, Frihetstida policyskapande: Uppfostringskommissionen och de akademiska 

konstitutionerna 1738–1766, 2017 
145. Börjeson, Natasja, Toxic Textiles: towards responsibility in complex supply chains, 2017 
146. Julia Velkova, Media Technologies in the Making: User-Driven Software and Infrastructures 

for computer Graphics Production, 2017 



 

 

 

 
  

 

  

 

  

 

 

 

 

 

 

 

 

  
 

  
 

 

 
 

  
  

 
 

 

   

  
   

 

147. Karin Jonsson, Fångna i begreppen? Revolution, tid och politik i svensk socialistisk press 1917– 
1924, 2017 

148. Josefine Larsson, Genetic Aspects of Environmental Disturbances in Marine Ecosystems: 
Studies of the Blue Mussel in the Baltic Sea, 2017 

149. Roman Horbyk, Mediated Europes: Discourse and Power in Ukraine, Russia and Poland 
during Euromaidan, 2017 

150. Nadezda Petrusenko, Creating the Revolutionary Heroines: The Case of Female Terrorists of 
the PSR (Russia, Beginning of the 20th Century), 2017 

151. Rahel Kuflu, Bröder emellan: Identitetsformering i det koloniserade Eritrea, 2018 

152. Karin Edberg, Energilandskap i förändring: Inramningar av kontroversiella lokaliseringar på 
norra Gotland, 2018 

153. Rebecka Thor, Beyond the Witness: Holocaust Representation and the Testimony of Images: 
Three films by Yael Hersonski, Harun Farocki, and Eyal Sivan, 2018 

154. Maria Lönn, Bruten vithet: Om den ryska femininitetens sinnliga och temporala villkor, 2018 
155. Tove Porseryd, Endocrine Disruption in Fish: Effects of 17α-ethinylestradiol exposure on non-

reproductive behavior, fertility and brain and testis transcriptome, 2018 
156. Marcel Mangold, Securing the working democracy: Inventive arrangements to guarantee 

circulation and the emergence of democracy policy, 2018 
157. Matilda Tudor, Desire Lines: Towards a Queer Digital Media Phenomenology, 2018 
158. Martin Andersson, Migration i 1600-talets Sverige: Älvsborgs lösen 1613–1618, 2018 
159. Johanna Pettersson, What's in a Line? Making Sovereignty through Border Policy, 2018 
160. Irina Seits, Architectures of Life-Building in the Twentieth Century: Russia, Germany, Sweden, 

2018 
161. Alexander Stagnell, The Ambassador’s Letter: On the Less Than Nothing of Diplomacy, 2019 
162. Mari Zetterqvist Blokhuis, Interaction Between Rider, Horse and Equestrian Trainer: A Chal-

lenging Puzzle, 2019 
163. Robin Samuelsson, Play, Culture and Learning: Studies of Second-Language and Conceptual 

Development in Swedish Preschools, 2019 
164. Ralph Tafon, Analyzing the “Dark Side” of Marine Spatial Planning: A study of domination, 

empowerment and freedom (or power in, of and on planning) through theories of discourse and 
power, 2019 

165. Ingela Visuri, Varieties of Supernatural Experience: The case of high-functioning autism, 2019 
166. Mathilde Rehnlund, Getting the transport right: For what? What transport policy can tell us 

about the construction of sustainability, 2019 
167. Oscar Törnqvist, Röster från ingenmansland: En identitetsarkeologi i ett maritimt mellanrum, 

2019 
168. Elise Remling, Adaptation, now? Exploring the Politics of Climate Adaptation through Post-

structuralist Discourse Theory, 2019 
169. Eva Karlberg, Organizing the Voice of Women: A study of the Polish and Swedish women’s 

movements’ adaptation to international structures, 2019 
170. Maria Pröckl, Tyngd, sväng och empatisk timing: Förskollärares kroppsliga kunskaper, 2020 
171. Adrià Alcoverro, The University and the Demand for Knowledge-based Growth The hegemonic 

struggle for the future of Higher Education Institutions in Finland and Estonia, 2020 



 

 

  
 

 

 
  
 

 
 

 
 

  
 

 

 
 

 
  

 
  

 
  

 
 

 
 

 
  

 
   

  
  

 
  

 
  

  
   

  
 

  
  

 
   
 

 

172. Ingrid Forsler, Enabling Media: Infrastructures, imaginaries and cultural techniques in 
Swedish and Estonian visual arts education, 2020 

173. Johan Sehlberg, Of Affliction: The Experience of Thought in Gilles Deleuze by way of Marcel 
Proust, 2020 

174. Renat Bekkin, People of reliable loyalty…: Muftiates and the State in Modern Russia, 2020 
175. Olena Podolian, The Challenge of ‘Stateness’ in Estonia and Ukraine: The international dimen-

sion a quarter of a century into independence, 2020 
176. Patrick Seniuk, Encountering Depression In-Depth: An existential-phenomenological approach 

to selfhood, depression, and psychiatric practice, 2020 
177. Vasileios Petrogiannis, European Mobility and Spatial Belongings: Greek and Latvian migrants 

in Sweden, 2020 
178. Lena Norbäck Ivarsson, Tracing environmental change and human impact as recorded in 

sediments from coastal areas of the northwestern Baltic Proper, 2020 
179. Sara Persson, Corporate Hegemony through Sustainability: A study of sustainability standards 

and CSR practices as tools to demobilise community resistance in the Albanian oil industry, 
2020 

180. Juliana Porsani, Livelihood Implications of Large-Scale Land Concessions in Mozambique: A 
case of family farmers’ endurance, 2020 

181. Anders Backlund, Isolating the Radical Right: Coalition Formation and Policy Adaptation in 
Sweden, 2020 

182. Nina Carlsson, One Nation, One Language? National minority and Indigenous recognition in 
the politics of immigrant integration, 2021 

183. Erik Gråd, Nudges, Prosocial Preferences & Behavior: Essays in Behavioral Economics, 2021 
184. Anna Enström, Sinnesstämning, skratt och hypokondri: Om estetisk erfarenhet i Kants tredje 

Kritik, 2021 
185. Michelle Rydback, Healthcare Service Marketing in Medical Tourism: An Emerging Market 

Study, 2021 
186. Fredrik Jahnke, Toleransens altare och undvikandets hänsynsfullhet: Religion och menings-

skapande bland svenska grundskoleelever, 2021 
187. Benny Berggren Newton, Business Basics: A Grounded Theory for Managing Ethical Behavior 

in Sales Organizations, 2021 
188. Gabriel Itkes-Sznap, Nollpunkten. Precisionens betydelse hos Witold Gombrowicz, Inger 

Christensen och Herta Müller, 2021 
189. Oscar Svanelid Medina, Att forma tillvaron: Konstruktivism som konstnärligt yrkesarbete 

hos Geraldo de Barros, Lygia Pape och Lygia Clark, 2021 
190. Anna-Karin Selberg, Politics and Truth: Heidegger, Arendt and The Modern Political Lie, 

2021 
191. Camilla Larsson, Framträdanden: Performativitetsteoretiska tolkningar av Tadeusz Kantors 

konstnärskap, 2021 
192. Raili Uibo, “And I don’t know who we really are to each other”: Queers doing close relationships 

in Estonia, 2021 
193. Ignė Stalmokaitė, New Tides in Shipping: Studying incumbent firms in maritime energy trans-

itions, 2021 
194. Mani Shutzberg, Tricks of the Medical Trade: Cunning in the Age of Bureaucratic Austerity, 

2021 
195. Patrik Höglund, Skeppssamhället: Rang, roller och status på örlogsskepp under 1600-talet, 2021 
196. Philipp Seuferling, Media and the refugee camp: The historical making of space, time, and 

politics in the modern refugee regime, 2021 



 

 

 
 

  
 

 
 

 
 

 
 

  
  

 
 

 
  
  
  

 
 

 
 

 
 

 
 

 
 

 
  

 
  
 

 
  

 
  

 
  
 

 
  

 
 

 
 

 

 
 

 

197. Johan Sandén, Närbyråkrater och digitaliseringar: Hur lärares arbete formas av tids-strukturer, 
2021 

198. Ulrika Nemeth, Det kritiska uppdraget: Diskurser och praktiker i gymnasieskolans svensk-
undervisning, 2021 

199. Helena Löfgren, Det legitima ägandet: Politiska konstruktioner av allmännyttans privatisering 
i Stockholms stad 1990–2015, 2021 

200. Vasileios Kitsos, Urban policies for a contemporary periphery: Insights from eastern Russia, 
2022 

201. Jenny Gustafsson, Drömmen om en gränslös fred: Världsmedborgarrörelsens reaktopi, 1949– 
1968, 2022 

202. Oscar von Seth, Outsiders and Others: Queer Friendships in Novels by Hermann Hesse, 2022 
203. Kristin Halverson, Tools of the Trade: Medical Devices and Practice in Sweden and Denmark, 

1855–1897, 2022 
204. Henrik Ohlsson, Facing Nature: Cultivating Experience in the Nature Connection Movement, 

2022 
205. Mirey Gorgis, Allt är våld: En undersökning av det moderna våldsbegreppet, 2022 
206. Mats Dahllöv, Det absoluta och det gemensamma: Benjamin Höijers konstfilosofi, 2022 
207. Anton Poikolainen Rosén, Noticing Nature: Exploring More Than Human-Centred Design in 

Urban Farming, 2022 
208. Sophie Landwehr Sydow, Makers, Materials and Machines: Understanding Experience and 

Situated Embodied Practice at the Makerspace, 2022 
209. Simon Magnusson, Boosting young citizens’ deontic status: Interactional allocation of rights-

to-decide in participatory democracy meetings, 2022 
210. Marie Jonsson, Vad vilja vegetarianerna? En undersökning av den svenska vegetarismen 1900– 

1935, 2022 
211. Birgitta Ekblom, Härskarhyllning och påverkan: Panegyriken kring tronskiftet 1697 i det 

svenska Östersjöväldet, 2022 
212. Joanna Mellquist, Policy professionals in civil society organizations: Struggling for influence, 

2022 
213. David Birksjö, Innovative Security Business: Innovation, Standardization, and Industry 

Dynamics in the Swedish Security Sector, 1992–2012, 2023 
214. Roman Privalov, After space utopia: Post-Soviet Russia and futures in space, 2023 
215. Martin Johansson, De nordiska lekarna: Grannlandsrelationen i pressen under olympiska 

vinterspel, 2023 
216. Anna Bark Persson, Steel as the Answer? Viking Bodies, Power, and Masculinity in Anglophone 

Fantasy Literature 2006–2016, 2023 
217. Josefin Hägglund, Demokratins stridslinjer: Carl Lindhagen och politikens omvandling, 1896– 

1923, 2023 
218. Lovisa Olsson, I vinst och förlust: Köpmäns nätverk i 1500-talets Östersjöstäder, 2023 
219. Kateryna Zorya, The Government Used to Hide the Truth, But Now We Can Speak: Contem-

porary Esotericism in Ukraine 1986–2014, 2023 
220. Tony Blomqvist Mickelsson, A Nordic sport social work in the context of refugee reception, 

2023 
221. Ola Luthman, Searching for sustainable aquaculture governance: A focus on ambitions and 

experience, 2023 
222. Emma Kihl, Äventyrliga utföranden: En läsning av Agneta Enckells dikter med Isabelle Stengers 

kosmopolitik, 2023  
223. Çağla Demirel, Analyzing competitive victimhood: Narratives of recognition and 

nonrecognition in the pursuit of reconciliation, 2023  
224. Joel Odebrant, Spår, kropp, tid: En undersökning av den måleriska gestens materialitet 1952– 

1965, 2024 
225. Xiaoying Li, Energy Efficiency in buildings in the Baltic states and the Nordic countries, 2024 



 

 

 

 

226. Thérese Janzén, Ticks – Ecology, New Hazards, and Relevance for Public Health, 2024 
227. Paul Sherfey, Cultivating Responsible Citizenship: Collective Gardens at the Periphery of 

Neoliberal Urban Norms, 2024 
228. Kirill Polkov, Queering Images of Russia in Sweden: Discursive hegemony and counter-

hegemonic articulations 1991–2019, 2024 
229. Karl Katz Lydén, Critique and the Care of the Self: The Economy of Truth and Government in 

Michel Foucault’s Late Work, 2024 
230. Matteo Enrico Cattaneo, Woandering towards places of imagination: Reflections through 

anarchism on the role of educators in early childhood education, 2024 
231. Mohanad Abdelgadir, Aquatic ecosystem function and environmental change across spatial 

scales, 2024 
232. Fakhreddin Fakhrai Rad, Transition Towards Supply Chain 4.0: Interweaving a Technological 

Perspective – Insights from Turkey and beyond, 2024 
233. Maria Mårsell, Fredstematikens kritiska potential: feminism, militarism och kolonialism hos 

Frida Stéenhoff, Elin Wägner och Hagar Olsson, 2024 



 
 
 
 

 
 
 
 
 
 

 
 

    

In a world rapidly embracing digitalization, the transition to Supply Chain 4.0 
emerges, denoting a technological transformation of supply chains utilizing ad-
vanced technologies. Tis thesis sheds light on this transition by bridging dyna-
mic capabilities, the multi-level perspective, and business-technology alignment, 
complemented by a multi-method exploration of its benefts, challenges, and cri-
tical factors. Te multi-method approach integrates data from a transition case in 
Turkey with insights from the broader literature. Te fndings provide valuable 
guidance for practitioners and other stakeholders engaged in transitioning to 
Supply Chain 4.0. Also, this thesis seeks to contribute to the related literature, 
opening avenues for further research-based expansions and revisions toward the 
maturity of this domain. It emphasizes the importance of considering the general 
concept of Supply Chain 4.0 and its technological underpinnings. 
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