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The role of Digital Twin capabilities in Digital Service Innovation deployment: a multiple 
case study approach 

Purpose - As industries increasingly integrate Digital Twins (DTs) into their operations and 
service offerings, it becomes crucial to understand the specific technological and 
organizational capabilities associated with DTs and their role in effective Digital Service 
Innovation (DSI). This paper contributes to the literature on DSI-enabling factors by examining 
the role of DT capabilities in driving DSI within organizations, highlighting the areas of 
interconnection.
Design/methodology/approach - This study adopts a multiple case study approach, 
examining two organizations with different engagements with DT:  a  consultancy engineering 
firm offering DT solutions, and a technology company specializing in DT services for different 
sectors. These diverse perspectives aim to provide a comprehensive understanding of role of 
DT in DSI in different organizational contexts.
Findings - The study identifies distinct capabilities needed to develop and exploit DT, as well 
as new capabilities acquired by organizations through DT deployment. It reveals that several 
technical and non-technical DT capabilities overlap with established DSI capabilities, 
illustrating a logical pathway from DT capabilities to DSI. These insights are synthesized into 
a theoretical framework which illustrate how DT capabilities support and enable DSI.  
Practical implications - This research delineates critical DT capabilities and highlights which 
of these contribute to the effective deployment of DSI. These findings provide actionable 
strategies for organizations aiming to develop and strengthen DT capabilities to maximize 
their potential impact on DSI.
Originality/value - This paper expands beyond the prevalent technical and engineering 
emphasis in DT literature by adopting a holistic capabilities-based approach. It provides an in-
depth examination of how DT capabilities can drive DSI, delivering valuable insights for both 
academia and industry practice.

Keywords: Digital Twin, Digital Service Innovation, Capabilities, Product-Service Systems, 
Digital Services 
Paper type: Research paper

1. Introduction 
The transformative power of new digital technologies is leading to the development of new 
service paradigms which fundamentally change how companies interact with their customers 
and how they orchestrate their value chains (Kamalaldin et al., 2020). In particular, the 
proliferation of data-driven digital service offerings, underpinned by contextual, 
environmental, and consumer behavior insights, has generated innovation across industries, 
allowing organizations to dynamically reconfigure and align their service offerings with 
evolving customer demands and market conditions (Heller et al., 2021; Opazo-Basáez et al., 
2024a). In this context, Digital Service Innovation (DSI) has emerged as a driver of competitive 
advantage, significantly influenced by the broader phenomenon of digital transformation 
(Barrett et al., 2015). Rooted in the trends of servitization and digitalization, DSI represents a 
fundamental shift whereby digital technologies transition from supplementary roles to 
central components of service innovation ( Opazo-Basáez et al., 2024b).
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The growth of digital service innovations reshapes competitive dynamics, marking the 
shift from traditional product-oriented strategies to integrated digital solutions (Vendrell-
Herrero et al., 2017). Nonetheless, deploying DSI remains challenging due to the required 
complex interactions between organizational, strategic, and technological dimensions 
(Barrett et al., 2015). Organizations often encounter barriers such as technological 
incompatibilities, limited customer-oriented capabilities, and deficiencies within innovation 
processes (Chin et al., 2023; Greenhalgh et al., 2004). In fact, these challenges often arise 
because of conflicting demands on organizational resources and capabilities (Vial and Grange, 
2024). Addressing these challenges requires a deeper understanding of how technology 
adoption influences service innovation capabilities. Burton et al. (2024) argue that technology 
integration must extend beyond technical problem-solving to strategically enhance 
innovation capabilities and drive ecosystem interactions. This underscores the need to align 
digital technologies strategically with service innovation goals.

DSI emphasizes the interconnectedness of digital technologies and service offerings, 
requiring continuous adaptation of services and underlying technological infrastructures to 
enhance customer experiences and operational performance (Opazo-Basáez et al., 2022). It 
leads to an increased utilization of transformative technologies such as Digital Twins (DTs), 
Internet of Things (IoT), Big Data, Artificial Intelligence (AI), and Cloud Computing for service 
offerings (Jamwal et al., 2022; Opazo-Basáez et al., 2022). Among these technologies, DTs 
uniquely facilitate real-time digital representations of physical systems enhancing predictive 
capabilities, process optimization, and enabling the provision of highly tailored services 
(Galera-Zarco, 2024). Indeed, DT is increasingly recognized as a key enabler of innovation, 
effectively bridging the physical and digital domains (Fukawa & Rindfleisch, 2024; Galera-
Zarco, 2024). While initially employed primarily for operational optimization and cost 
reduction, DTs are now appreciated for their capacity to enhance service offerings and 
generate new value propositions across sectors such as manufacturing, healthcare, the built 
environment, and energy (Galera-Zarco & Papadonikolaki, 2023; Meierhofer et al., 2020). 
Research exploring the role of DTs in value creation highlights their systematic integration 
into service layers, facilitating value co-creation (Galera-Zarco, 2024; Meierhofer & West, 
2019; West et al., 2021). However, existing literature reveals a notable gap regarding the 
organizational and technological capabilities necessary to effectively leverage DTs within 
service contexts (Agrawal et al., 2022; Fuller et al., 2020). Predominantly, research has 
emphasized technical and engineering aspects of DT implementation (e.g. Ferko et al., 2022; 
Minerva et al., 2020), overlooking its potential in driving broader service innovations as 
indicated by Fukawa and Rindfleisch (2023).

Based on the above, there exists a gap in fully understanding the integration and 
operationalization of digital technologies within the framework of service innovation. 
Traditional service management has often detached technological advancements from 
service strategies, thus limiting the potential for digital technologies to enable truly innovative 
service offerings (Kreye, 2022). This oversight necessitates a revaluation of how digital 
developments, such as DTs, can be strategically employed not only to support but drive 
service innovation (Barrett et al., 2015; Bustinza et al., 2022; Vendrell-Herrero et al., 2021). 
Building on research by Burton et al. (2024), there is a pressing need to deepen our 
understanding of the specific capabilities which lead to more effective DSI. Moreover, it is 
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essential to investigate how capabilities developed for technology adoption and exploitation 
may play a pivotal role in enabling and scaling DSI.

This study aims to contribute to the understanding of DSI-enabling factors by specifically 
examining the role of DT capabilities in driving DSI within organizations. Two central research 
questions guide this exploration: 1) To what extent do capabilities developed through 
implementing and using Digital Twins align with those necessary for deploying Digital Service 
Innovation? and 2) In what ways does the implementation and use of Digital Twins enable 
organizations to leverage their capabilities for the deployment of Digital Service Innovation?
The study initially focuses on identifying and understanding the capabilities essential for 
developing, utilizing and exploiting a DT, followed by structuring the knowledge on 
capabilities required for DSI. The ultimate goal is to better understand whether and how DT 
capabilities influence the ability of organizations to perform DSI.

To address these questions, this study employs a multiple case study methodology, 
analyzing a multinational consultancy engineering firm specializing in DT technology and a 
provider of Digital Twin as a Service (DTaaS). By analyzing these two cases, the study captures 
a broader spectrum of what and how DT capabilities are leveraged for DSI. This research 
introduces a novel perspective by linking DT capabilities directly with the strategic elements 
of DSI. Situated at a juncture where businesses increasingly depend on digital technologies to 
drive service innovation and create competitive advantage, this study provides significant and 
timely research by examining the impact of DTs in this context.  

This research paper is structured into sections to provide a comprehensive 
understanding of the scope of the study and its contributions. The theoretical background 
section presents a detailed review of the literature, offering foundational insights on the role 
of DTs in service provision, identifying essential capabilities related to DTs and DSI, whilst also 
highlighting key gaps which this research seeks to address. The methodology section outlines 
and justifies the multiple case study approach, explaining how it supports the research 
objectives. The results and analysis are then presented and discussed in relation to existing 
literature in DSI. Additionally, the discussion also provides theoretical and managerial 
contributions derived from the research findings. Finally, limitations are recognized, and the 
conclusion highlights key findings and proposes directions for future research.

2. Theoretical background 
2.1. Digital Twin conceptualization and its role in service delivery
A Digital Twin (DT) is a comprehensive digital representation of a physical product, system or 
process, capturing selected characteristics, properties, and behaviors through a dynamic, 
bidirectional flow of real-time data, enabling continuous feedback and synchronization 
(Grieves & Vickers, 2016). Tao et al. (2018a) define DT similarly as a digital counterpart of a 
physical entity, process or system, created by amalgamating data from different sources, 
enabling replication of process and prediction of performance across different scenarios. A 
DT is not a simple and individual technology but comprises a coordinated set of digital 
technologies (Bolton et al., 2018). Primarily, DTs function as tools for monitoring, simulation, 
and optimization throughout the asset lifecycle (Grieves & Vickers, 2017). Over time their 
application has expanded beyond operational efficiency towards enabling real-time 
simulations and scenario testing, significantly enhancing organizational decision making 
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capabilities (Tao et al., 2018b). Supported by advanced technologies such as IoT, AI, and Big 
Data Analytics (BDA), DT applications span sectors including manufacturing, healthcare, and 
the built environment (Jones et al., 2020; Kumar et al., 2023; Lu et al., 2020).

To understand the role of DT in service delivery, it is essential to adopt the perspective 
of Service-Dominant Logic (SDL). SDL reconceptualizes service provision as a collaborative and 
interactive multi-actor value creation process, emphasizing resource integration as a critical 
process to generating value (Vargo & Lush, 2004; Edvardsson et al., 2014; Lusch & Vargo, 
2014). This approach emphasizes collaboration, interaction, and the combination of efforts 
to create value, with organizations playing a key role in coordinating these integrations 
(Edvardsson et al., 2014; Lusch and Vargo, 2014; Vargo, Maglio, and Akaka, 2008). In this 
context, technology is often seen as a tangible enabler (operand resource) over which 
intangible skills (operant resource) operate to facilitate value creation (Lusch and Nambisan, 
2015). Within this logic, DTs serve as both operand and operant resources in value creation, 
embodying a dual role that highlights the transformative potential of DTs in enabling 
continuous value co-creation and redefining service dynamics within digital ecosystems 
(Galera-Zarco, 2024).

Building on this perspective, the phenomenon of servitization offers a complementary 
lens through which to examine the role of DTs in service delivery. As businesses increasingly 
move toward offering “advanced services” which emphasize outcomes and performance, 
they also shift responsibility for asset maintenance and optimization to service providers 
(Baines & Lightfoot, 2013; Baines et al., 2024; Opazo-Basáez et al., 2023; Story et al., 2017). 
In this context, DTs play a dual role here: enhancing performance and efficiency of physical 
assets involved in service delivery (Nicoletti & Padovano, 2019), and enabling deeper 
understanding of customer needs and service dynamics through sophisticated data analysis 
(Galera-Zarco, 2024; Meierhofer et al., 2020; Porter & Heppelmann, 2014). Additionally, DTs 
create a continuous feedback loop between the physical and digital environments, allowing 
for real-time adjustments based on precise analytics, thus facilitating dynamic, customized 
service delivery (Galera-Zarco & Papadonikolaki, 2023; Tao et al., 2018b).

2.2 Digital Twin capabilities
DTs require a balanced combination of technical and non-technical capabilities (Moyne et al., 
2020; Tao et al., 2018b). While technical capabilities ensure functionality and operability, non-
technical capabilities are essential for organizational readiness and strategic alignment (Fuller 
et al., 2020; Kritzinger et al., 2018; Lehner et al., 2021). Despite the increasing volume of 
research into DTs, there is still a variety of perspectives in implementing and using DTs which 
make the identification of these capabilities complex. Thus, a careful identification and 
definition of DT capabilities is required.
 
2.2.1 Essential capabilities for developing and exploiting Digital Twins
Plummer et al. (2021) presented an early attempt at identifying DT-related capabilities 
through a Skills and Competency Framework tailored for the National Digital Twin project in 
the UK. However, their focus on integrating DTs systems across various domains to achieve 
national interoperability may not fully align with capabilities relevant to individual 
organizations. This study digs deeper in the literature in order to define distinct sets of 
capabilities that allow organizations of any size, from small enterprises to large corporations, 
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to develop and implement DTs. Firstly, our research reviews specific technical capabilities 
required to develop and manage DTs.  This is then followed by an exploration of the non-
technical capabilities that support their strategic and operational integration into business 
processes.

Firstly, in order to effectively develop and operate DTs, the presence of technical 
capabilities is crucial.  These capabilities must ensure that organizations are able to build DTs 
which serve as accurate and dynamic representations of physical assets, enabling, among 
other uses, real-time monitoring, predictive maintenance, and operational optimization 
(Lehner et al., 2021). Technical capabilities include managing large volumes of data through 
effective collection, storage, processing, and analysis (Agrawal et al., 2022). Likewise, 
effective data management and data analytics are essential in DTs to interpret the vast 
amounts of data generated and derive actionable insights (Tao et al., 2018b). Additionally, 
integration capabilities enabling interoperability among heterogeneous technologies and 
legacy systems is fundamental to ensure DT accuracy and functionality (Barricelli et al., 2019, 
Rosen et al., 2015). Organizations also require modeling capabilities to maintain the accuracy 
and reliability of DTs (Schleich et al., 2017), as well as simulation abilities to run “what-if” 
scenarios by recreating potential changes affecting the physical counterpart (Barricelli et al., 
2019). 

As DTs often involve the management of sensitive data and control of critical 
operations, ensuring the security and privacy of data and associated systems is mandatory 
(Jones et al., 2020;  Plummer et al., 2021; Agrawal et al., 2022). Thus, effective cybersecurity 
is necessary to protect against potential threats and vulnerabilities, thereby safeguarding the 
operational continuity of DTs (Jones et al., 2020). Finally, a DT should seamlessly integrate 
and communicate with other DTs,  systems and components within a digital ecosystem. This 
involves compatibility with various data formats, external data sources, protocols and 
interfaces to ensure coherent and uninterrupted work across different platforms and 
operational technologies (Agrawal et al., 2022). Effective data interoperability facilitates data 
exchange and system integration, enabling comprehensive DT ecosystems (Barricelli et al., 
2019, Plummer, et al., 2021). Table 1 summarizes technical capabilities identified in the 
literature.

------ Insert Table 1  here ------

Beyond the technical requirements, non-technical capabilities are equally critical for 
the successful development and exploitation of DTs (Crespi, 2023). These capabilities involve 
organizational and human factors, allowing organizations to align DT with business objectives. 
These capabilities are also required to manage the cultural and operational shifts needed for 
digital transformation (Raj et al., 2020). Moreover, the presence of strong leadership from 
executive teams is vital for the successful integration and utilization of DTs within an 
organization (Negri et al., 2017; Martinez & Huss, 2022). Leaders must recognize the strategic 
value of data and ensure that DT initiatives are aligned with overarching business objectives 
(Plummer et al., 2021).  Additionally, DTs can also alter existing workflows and roles, so the 
implementation of DTs requires effective management of organizational change to navigate 
these transitions smoothly, minimizing disruption while maximizing positive outcomes 
(Kritzinger et al., 2018).
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The creation of effective communication and a collaborative environment are of great 
importance for the success of DT development.  Communication and knowledge sharing is 
essential between different departments, including IT, operations, and engineering 
(Uhlemann et al 2017; Plummer et al 2021). Moreover, stakeholder management, which 
includes transparency, reliability and ensuring security protocols, is of particular importance 
especially when stakeholders from different domains must collaborate and share sensitive 
data in the DT (Tripathi, et al, 2024). Overall, building and maintaining trust is fundamental to 
achieving user acceptance and ensuring effective use of DTs within an organization. In the DT 
context, trust involves confidence in the data integrity, system reliability, and the overall 
performance of the technologies (Broo et al., 2022, Plummer et al 2021; Trauer et al., 2022). 
Finally, as noted by Tao and Qi (2019), organizations implementing DTs must cultivate a 
culture of continuous learning and adaptation. Such a capability allows firms to effectively 
integrate new insights and data streams provided by DTs, thereby maintaining 
competitiveness and responding proactively to emerging challenges and opportunities. Table 
2 integrates the collection of these non-technical capabilities as presented in the literature.

------ Insert Table 2  here ------

2.2.2 Capabilities enabled through Digital Twin usage
In the exploration of DT capabilities and to better understand the potential of DTs as enablers 
of DSI it is pivotal to examine the capabilities achieved by organizations through their use. DTs 
not only require specific technical and organizational competencies for implementation and 
exploitation, they also enable the emergence of new capabilities.

A widely acknowledged technical capability enabled through DT usage is real-time 
monitoring and control of operational processes. This allows organizations to respond 
promptly to system changes and anomalies (Galera-Zarco, 2022; Tao & Qi, 2019; Uhlemann 
et al., 2017). By providing accurate, real-time representations of physical assets and systems, 
DTs contribute to operational optimization, enhancing efficiency and minimizing resource 
wastage (Galera-Zarco, 2022; Uhlemann et al., 2017). Another core technical capability is 
predictive analytics: by leveraging data-driven insights, DTs support the early identification 
and prevention of potential equipment failures, thereby reducing downtime and 
maintenance costs (Agrawal et al., 2022; Grieves, 2014). Additionally, DTs enable scenario-
based simulations which facilitate "what-if" analyses, equipping organizations with the ability 
to assess risks, forecast outcomes, and make informed decisions (Schleich et al., 2017; Tao & 
Qi, 2019). The final technical capability identified in the literature relates to the ability of DTs 
to support seamless data exchange and interoperability. This enables the integration of 
heterogeneous digital infrastructures and underpins the development of interconnected 
service ecosystems (Agrawal et al., 2022; Uhlemann et al., 2017). Table 3 encapsulates this 
set of technical capabilities.

------ Insert Table 3  here ------

In addition to technical capabilities, DT usage also enables a broad spectrum of 
organizational and strategic competencies. One key non-technical capability is the ability to 
support strategic decision making by enabling organizations to test and predict outcomes in 
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virtual environments, thereby avoiding risks to physical assets (Broo et al., 2022; Rosen et al., 
2015). DTs also enhance design an development processes by facilitating rapid prototyping 
and iterative design testing. This can reduce time-to-market and improve product or service 
quality (Schleich et al., 2017). Furthermore, DTs contribute to sustainability goals by 
optimizing resource utilization, minimizing waste, and promoting environmentally conscious 
practices (Galera-Zarco, 2022). In educational and training contexts, DTs provide realistic, risk-
free environments for skills development and operational training, which is crucial for 
preparing a skilled workforce in different industrial sectors (Beloglazov et al., 2020; Kang et 
al., 2016). DTs also allow collaboration among different actors by providing a unified platform 
for real-time information sharing across departments. This capability extends to cross-
organizational collaborations within ecosystems (Tao et al., 2019, Uhlemann et al. 2017). 
Finally, by simulating customer experiences and enabling the co-creation of tailored solutions, 
DTs enhance the personalization of service interactions and improve customer engagement 
(Barricelli et al., 2019; Broo et al., 2022; Galera-Zarco, 2024). Table 4 summarizes these non-
technical capabilities.

------ Insert Table 4  here ------

2.3 Conceptualizing Digital Service Innovation and its enabling capabilities 
DSI refers to the process of creating, improving, or transforming services through the strategic 
integration of digital technologies, reshaping value propositions, delivery mechanisms, and 
customer experiences (Barrett et al., 2015; Opazo-Basáez et al., 2022). As part of broader 
trends in digital transformation and servitization, DSI embodies a shift whereby digital 
technologies act not as enablers alone but as integral components of innovation logic, 
enabling continuous adaptation to dynamic market and customer needs (Vendrell-Herrero et 
al., 2017; Rabetino et al., 2024). As such, successful engagement in DSI requires a robust set 
of capabilities, both technical and non-technical, which organizations must harness to 
integrate, adapt, and leverage digital solutions in ways that align with evolving customer 
needs and strategic goals (Kohtamäki et al., 2020; Rabetino et al., 2024).  This section reviews 
the literature to identify and structure the capabilities that equip organizations to navigate 
the complexities of DSI.

First, technological capabilities are essential in DSI as they enable organizations to 
effectively adopt, adapt, and leverage new available emergent technologies within their 
business models (Bharadwaj et al., 2013; Barrett et al., 2015; Lehrer et al., 2018). To 
successfully deploy DSI, firms must adopt new technologies, adapt them to their specific 
operational context, and leverage the technologies to enhance service offerings (Kohtamäki 
et al., 2020; Rabetino et al., 2024).

 Vendrell-Herrero et al., (2017) discuss the strategic application of digital technologies 
in the context of digital servitization, emphasizing the importance of the integration of 
technologies to enhance service offerings. Indeed, the interdisciplinary nature of DSI requires 
the integration of technological advancements such as IoT, AI, and BDA to enable and 
enhance service offerings, hence the need for continual adaptation and innovation with 
technology (Kohtamäki et al., 2020; Rabetino et al. 2024). Likewise, the capability to manage 
data through comprehensive analytics is crucial in extracting actionable insights and 
supporting decision making processes (Opazo-Basáez et al., 2022). Aligned with this, the 
importance of data analytics is emphasized for its potential to improve service delivery, create 
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new service opportunities, and to facilitate enhanced customer understanding and service 
personalization (Barrett et al., 2015; Lehrer et al. (2018); Raddats et al., 2022). 

A critical technical capability in DSI is the seamless integration of digital technologies 
into existing service architectures. This integration forms the backbone of robust digital 
service systems capable of efficiently meeting diverse and dynamic customer demands 
(Kohtamäki et al., 2020; Rabetino et al., 2024). The use of digital platforms further enhances 
this capacity by consolidating and coordinating digital technologies, allowing for scalable and 
flexible service offerings (Kohtamäki et al., 2022). Finally, data security and privacy represent 
indispensable technological capabilities within DSI. Protecting sensitive customer data is not 
only critical for regulatory compliance but also for maintaining trust within digital service 
ecosystems (Kraus et al., 2021). This imperative is further reinforced by Lusch and Nambisan 
(2015), who highlight its significance within the service-dominant logic framework. Table 5 
synthesizes the key technical capabilities for DSI identified in the literature. 

------ Insert Table 5  here ------

Non-technical capabilities play a crucial role in DSI, complementing technological 
competencies. Organizational learning and adaptation are fundamental to the continuous 
improvement and successful implementation of DSI (Nylén and Holmström, 2015). This 
capability allows organizations to evolve in response to technological advancements and 
changing market conditions (Awad & Martin-Rojas, 2024; Opazo-Basáez et al., 2024c). 
Moreover, Coreynen et al. (2024) emphasize the iterative learning processes undertaken by 
organizations to integrate new digital technologies effectively and  adapt their business 
models and strategies to deploy DSI. As highlighted by Sjödin et al. (2020), cultivating a culture 
of exploration and experimentation, particularly around digital technologies, is essential for 
successful DSI initiatives.  

Organizations engaging in DSI often participate in collaborative ecosystems, 
increasingly engaging with clients, external partners and other firms to collaboratively co-
create value. Effectively managing this value co-creation process is critical, as it  serves as a 
catalyst for the development of innovative digital service solutions (Serrano-Ruiz et al., 2024). 
Thus, Vargo et al. (2024) point to the significance of engaging in service ecosystems which 
leverage external capabilities and resources to support the delivery of innovative digital 
service offerings. An equally critical non-technological capability lies in ensuring strategic 
alignment between digital initiatives and overarching business objectives. As Awad and 
Martin-Rojas (2024) argue, such alignment, paired with effective management of the 
complexities inherent in digital transformation, is vital for realizing the full potential of DSI. In 
this context, Rabetino et al. (2024) indicate that aligning technological strategies with broader 
organizational goals ensures coherence in transformation efforts and supports sustained 
innovation and value creation through digital services. 

An additional non-technical capability is resource liquification. This removes barriers 
and facilitates the flow of information and services across digital platforms, thereby making 
organizational resources more accessible and responsive, and thus enabling DSI (Vargo et al., 
2024). Complementing this capability, the establishment of  a customer-centric approach has 
been identified as fundamental for successful DSI (Lehrer et al., 2018) as it allows the design 
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of personalized services which enhance customer experiences and satisfaction (Soto Setzke 
et al., 2023). Leveraging customer data to inform service design and delivery ensures 
alignment with customer expectations and preferences (Lehrer et al. 2018; Soto Setzke et al., 
2023). Table 6 summarizes the identified non-technical capabilities essential for effective DSI 
deployment.

------ Insert Table 6  here ------

2.4 Research gap identification and conceptual framework development
Recent literature has explored the relationship between emergent digital technologies and 
service innovation, particularly from a capabilities perspective. For instance, studies have 
proposed frameworks illustrating how AI (Akter et al., 2023) or BDA and digital platforms 
(Xiao et al., 2020) enable service innovation. However, despite this emerging focus observed 
in the literature, the role of DTs as enablers of DSI remains notably unexplored. 

Previous research has examined the technical and non-technical capabilities required 
for development and utilization of DTs (Kritzinger et al., 2018; Plummer et al., 2021). In 
parallel, the service innovation domain has separately identified critical capabilities essential 
for effective DSI (e.g., Barrett et al., 2015; Lehrer et al., 2018; Kohtamäki et al., 2020). 
Nonetheless, limited research specifically addresses the intersection and synergies between 
DT capabilities and those required for enabling DSI. Although existing studies acknowledge 
the contribution of DTs to enhanced service delivery (Galera-Zarco, 2024), improved 
operational efficiency (Tao et al., 2018b) and innovation processes (Fukawa & Rindfleisch, 
2024), their potential as strategic enablers for DSI remains underexplored. In particular, there 
is a lack of comprehensive research examining the extent to which capabilities developed 
through DT implementation and use align or overlap with the capabilities necessary for DSI. 
Addressing this gap is significant as it can offer valuable insights to organizations seeking to 
strategically leverage DTs as catalysts for innovation, particularly in industries undergoing 
servitization. While prior studies recognize the role of DTs in advanced services and value 
creation (Baines et al., 2024; Story et al., 2017), they do not thoroughly explore how DT-
specific capabilities directly enhance an organization's capacity to innovate in digital service 
contexts.

This research hypothesizes that the implementation and use of DTs, through the 
specific capabilities they both require and enable, position organizations to effectively engage 
in DSI. Thus, the hypotheses guiding this study are:

•H1: There is a significant overlap between Digital Twin capabilities and those 
necessary for Digital Service Innovation.

•H2: Organizations that develop and utilize Digital Twins are better positioned to 
successfully deploy Digital Service Innovation, as the capabilities required and gained 
through Digital Twins both align with and facilitate the development of Digital Service 
Innovation.

Addressing this research gap provides an important contribution to the literature on 
DSI-enabling factors by offering a nuanced understanding of how DT capabilities influence 
organizational capacity for DSI and help to achieve competitive advantages. Based on a 
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comprehensive literature review and synthesis, this study develops two conceptual 
frameworks (Figures 1 and 2) to illustrate the interrelationships and overlaps among technical 
(Figure 1) and non-technical (Figure 2) capabilities involved in DT development and 
exploitation, capabilities gained through DT usage, and capabilities essential for deploying 
DSI.

------ Insert Figure 1 and Figure 2  here ------

3. Methodology  
In order to investigate how DT capabilities influence DSI within organizations, this study 
adopts an exploratory qualitative research design grounded in a multiple case study 
approach. Case study methodology is particularly well suited for examining contemporary 
phenomena within their real-life contexts, especially when addressing complex "how" and 
"why" questions which are central to the understanding of phenomena (Yin, 2017). The 
exploratory nature of the study enables the generation of new theoretical insights without 
being restricted to the validation of pre-existing frameworks (Rothenberger & Srite, 2009). 
Employing multiple case studies further strengthens the analytical depth by allowing cross-
case comparisons, thereby enhancing the robustness and potential generalizability of the 
findings (Eisenhardt, 1989). 

The case population of this study comprises organizations specializing in the 
development, exploitation, and strategic utilization of DTs. These organizations not only 
provide expertise in implementing and operating DTs but also support clients in strategic 
alignment and in leveraging the potential capabilities enabled through DT usage to achieve 
operational efficiency, strategic alignment, and DSI. The selection followed a purposive 
sampling strategy (Patton, 2015) aimed at capturing variation in organizational size, 
technological focus, and service models within the DT landscape. The first case study involves 
a large multinational engineering consultancy with a dedicated DT department, providing 
expertise on how established firms integrate DTs into complex, asset-intensive environments. 
The second case study features a smaller, technology-native company offering DTs as a 
service (DTaaS) illustrating agile, innovation-driven applications of DT technology. Beyond 
their internal expertise, both organizations work with a diverse range of clients across 
industries and project types, supporting digital transformation efforts, strategic alignment, 
and innovation initiatives. Together, these organizations span a broad range of DT 
implementation contexts. 

To maintain anonymity, the two organizations are referred to as CompA and CompB. 
An overview of each case is presented below to contextualize their positioning and relevance 
in exploring DT capabilities in relation to DSI.

CompA is a multinational consulting engineering firm with over 6,000 professionals 
operating across multiple countries. The organization addresses complex global challenges in 
sectors such as aviation, energy, and urban development. This study focuses on the firm’s 
Digital Twin consultancy department, which plays a pivotal role in supporting clients through 
the design and operational phases of projects by offering innovative DT solutions. Their core 
expertise lies in leveraging DTs to address issues such as inefficiencies, sustainability and data 
complexity, while also enhancing stakeholder engagement and articulating the value of DTs 
across asset lifecycle. The primary informant for this case was a Digital Twin consultant and 
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Business & IT architect, selected due to extensive experience in managing DT-related projects 
across multiple industries, their involvement in strategic initiatives related to digital 
transformation, and comprehensive understanding of organizational capabilities required for 
effective DT implementation and use.

CompB is a boutique firm based in Canada, specializing in Digital Twin as a Service 
(DTaaS) and recognized for its innovative approach to delivering DT solutions. The company 
employs approximately 70 professionals and integrates diverse technological services to 
transform organizational operating models through highly tailored DTs. Its strategic focus 
centers on fostering agility, innovation, and data-driven decision making. The firm 
collaborates closely with client organizations to articulate and realize their digital ambitions, 
developing roadmaps for both value strategy and technical implementation. The key 
informant interviewed was the co-founder and chief growth officer, whose strategic 
leadership role and direct involvement in client engagement across multiple sectors provided 
valuable insights. The informant was selected due to a deep understanding of the technical, 
strategic, and organizational capabilities required for DT development and their alignment 
with broader goals such as DSI.

Data were primarily collected through semi-structured interviews supplemented by 
secondary sources, including internal company documentation, presentations provided by 
the interviewees, and publicly available material from organizational websites. Interviewees’ 
experience, their central roles and comprehensive knowledge of both technical and 
organizational dimensions enabled the collection of rich and detailed data directly relevant 
to the study's objectives. Interviews took place in March and April 2024 via video conferencing 
platforms, each lasting between 60 and 90 minutes. An interview guide (see Appendix A) was 
developed to maintain consistency across cases while allowing flexibility to explore emergent 
themes (Myers & Newman, 2007).The interviews addressed five areas: 1) capabilities 
required to develop and exploit DTs, 2) capabilities achieved through DTs, 3) the role of DTs 
in deploying DSI, 4) organizational culture, and 5) DT implementation goals. After covering 
the first two areas, the researchers presented the capability tables (Tables 1–6) and initial 
versions of capability interrelationship frameworks (Figures 1 and 2) which were developed 
by the authors through a combination of literature review and the authors’ interpretive 
analysis of existing research. Participants were invited to validate these findings and 
contribute additional insights. After incorporating their inputs, the interrelationship figure 
was sent back to the interviewees via email for final feedback to ensure accuracy and 
completeness. All interviews were video-recorded with the consent of the participants and 
transcribed verbatim for analysis.

A systematic analytical strategy was employed, integrating both within-case and cross-
case analysis techniques (Eisenhardt, 1989). In the first phase the transcribed interview data 
were analyzed on a case-by-case basis to construct a detailed understanding of DT and DSI 
capabilities within each organizational context. This was followed by a cross-case analysis 
aimed at identifying shared patterns, divergences, and overarching themes across the two 
cases. 

The qualitative data analysis followed an iterative coding process. Initial coding drew 
upon the capability sets identified from the literature while remaining open to new insights 
through inductive open coding. These initial codes were then refined through axial coding, 
which facilitated the clustering of themes into broader categories relevant to the study’s focus 
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on capabilities (Corbin & Strauss, 2015). This approach enabled a structured yet flexible 
examination of both theoretically grounded and emergent capabilities. To strengthen the 
validity and reliability of the findings, two strategies were employed. Triangulation was 
achieved by incorporating the previously mentioned secondary data to corroborate and 
contextualize the interview data (Denzin, 1978). Additionally, reflexivity was maintained 
throughout the research process. The researchers engaged in continuous critical reflection on 
their assumptions, interpretations, and potential biases to ensure a more objective and 
nuanced analysis (Finlay, 2002).

4. Findings and analysis 
This section presents the findings and analysis of the empirical data structured to address the 
two research questions guiding this study. The first subsection validates the DT capabilities 
identified from the literature and introduces any new capabilities emerging from the cases. 
The subsequent subsection explores the role of these DT capabilities in enabling DSI, 
specifically examining the alignment between DT capabilities and the requirements for 
successful DSI, as well as the way in which organizations leverage DT capabilities to facilitate 
DSI deployment. 

4.1 Empirical validation and extension of Digital Twin capabilities
The analysis of CompA and CompB provided robust validation of the technical Digital Twin 
(DT) capabilities identified in the literature, as summarized in Table 7. Both organizations 
validated Data Management and Analytics as a foundational technical DT capability, 
particularly emphasizing robust IT infrastructure and metadata management to address 
complex and large-scale data requirements. Integration of Heterogeneous Systems and 
Technologies was similarly affirmed, with both organizations highlighting the necessity of 
comprehensive technical stacks capable of aggregating diverse data sources tailored to 
specific business objectives. Modeling received partial validation; CompA supplemented this 
capability through the identification of two additional capabilities, namely Knowledge Graphs 
and Ontology Management. CompB notably pointed out the necessity of tailored AI and 
Machine Learning models to effectively operationalize DTs in various use cases. Simulation 
Ability was jointly validated, reflecting the strategic utilization of DTs for scenario analysis. 
While CompB explicitly validated Cybersecurity & Data Privacy as critical, particularly 
regarding the secure integration of external data, CompA did not initially include this 
capability; however, its importance was subsequently acknowledged following the 
interviewee’s review of Figure 1. Furthermore, Data Interoperability and Digital Platforms was 
recognized as crucial: CompA highlighted interoperability standards, whereas CompB 
emphasized data governance to facilitate external data integration.

Both organizations confirmed significant technical capabilities achieved through DT 
use, notably Operational Optimization, Predictive Analysis, Scenario Analysis for Decision 
Making, and Data Interoperability. Operational Optimization was explained differently, with 
CompA providing examples of DTs enabling optimized operations in complex environments 
(e.g., real-time adjustments in complex water systems), whereas CompB contextualized it as 
part of a broader evolution from initial cost reduction toward sustained efficiency 
improvements. Predictive and Scenario Analyses were similarly validated, with both 
organizations recognizing the integration of AI-driven foresight into DTs and the ability to test 
scenarios and decisions before implementation as central benefits. However, perspectives 
diverged regarding Real-time Monitoring and Control: CompA strongly supported this 
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capability, reflecting its operational focus, while CompB provided only partial support, noting 
the potential of DTs primarily for decision support and simulation scenarios rather than for 
explicit real-time applications. This divergence suggests varying organizational priorities: 
CompA’s emphasis on immediate operational outcomes aligns with the nature of its clients, 
whereas CompB focuses more on a strategic planning orientation.

------ Insert Table 7  here ------

In the sphere of technical DT capabilities, each case contributes distinctively to the 
identification of novel capabilities (Table 8), clearly reflecting their organizational context and 
strategic focus. CompA introduced the capabilities of Knowledge Graphs and Ontology 
Management. Knowledge Graphs was highlighted as an essential capability for effectively 
modeling complex relationships, while Ontology Management was identified as vital for 
ensuring data consistency and interoperability. These capabilities are particularly relevant 
given CompA’s involvement in large-scale engineering projects, where managing multi-
dimensional and domain-specific information is critical. In contrast, CompB highlighted Edge 
Computing and Advanced Visualization (e.g., AR/VR). Edge Computing emerged as significant 
for addressing challenges associated with large-scale data processing, enhancing real-time 
analytics, and reducing latency. Advanced Visualization emerged as a distinct capability, 
referring to the ability of organizations to adopt and effectively utilize technologies such as 
Augmented Reality (AR), Virtual Reality (VR), and tools like HoloLens. This capability was 
recognized for its potential to enhance user experience, support intuitive data exploration, 
and improve training as well as decision-related processes in DT applications. The 
identification of these new capabilities aligns with CompB’s position as a boutique Digital 
Twin-as-a-Service provider, where scalability, real-time responsiveness, and user engagement 
are central to delivering adaptable and client-oriented solutions.

------ Insert Table 8  here ------

Non-technical DT capabilities were consistently validated across cases, as indicated in 
Table 9. Strategic Alignment and Complexity Management were crucial for both 
organizations, though articulated differently. CompA discussed the importance of enterprise 
architecture integration to connect DT initiatives with broader organizational objectives and 
value chains, whereas CompB associated these capabilities with the necessity of leadership 
vision and organizational maturity to drive digital transformations such as DT development. 
Effective Collaboration emerged as critical, with both cases emphasizing Stakeholder 
Management as essential for aligning technical initiatives with business ambitions, thereby 
requiring iterative change management to ensure successful adoption. Indeed, insufficient 
collaboration was identified as a common reason for the failure of many DT initiatives. 
Organizational Learning and Adaptation was highlighted through the importance of 
understanding internal barriers, organizational culture, and cross-departmental collaboration 
before implementing technical solutions. CompA introduced the concept of a DT maturity 
matrix as a means of guiding organizations through the technological and business 
transformation processes necessary for developing and utilizing a DT. The capability of 
Building and Maintaining Trust was partially validated by both organizations. The interviewee 
from CompA described efforts to address internal resistance by educating teams and 
demonstrating the advantages of DTs through tangible examples. In contrast, CompB linked 
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this capability closely with Governance, emphasizing trust-building as crucial due to the 
potential of DTs to enable secure and relevant data sharing. These differences reflect 
variations in organizational scale and project complexity. CompA’s emphasis on internal 
education and stakeholder engagement underscores the importance of managing resistance 
and aligning interests within large, complex engineering environments. Conversely, CompB’s 
focus on governance and secure data sharing likely stems from its frequent collaborations 
with diverse clients who rely on external data sources across distributed ecosystems.

Both companies validated the critical role of Strategic Decision Making Support 
enabled by DT use. CompA recognized the potential of DTs to facilitate scenario-based 
analyses that explore various options and optimize decision making processes, whereas 
CompB emphasized their ability to enhance transparency and visibility into operations. 
Likewise, improved Collaboration Across Departments and Ecosystem was consistently 
recognized, emphasizing the role of DTs in reducing organizational silos and enhancing cross-
organizational communication. Optimization of Design and Development Processes was fully 
supported by CompA, highlighting the benefits of virtual scenario testing, while CompB’s 
validation was partial, primarily addressing operational automation without explicit 
connections to design processes. Similarly, Educational and Training Applications were 
strongly confirmed by CompA, which emphasized DTs as tools for organizational knowledge 
transfer and workforce upskilling. This capability was not supported by CompB, possibly 
indicating this is not a primary area of focus in their projects, where formal training 
mechanisms may be less prominent. Regarding the Customer-Centric Approach, CompA 
provided partial validation, primarily within the context of servitization strategies, viewing 
DTs as aids in transitioning to servitization and enhancing customer value through tailored 
services. In contrast, CompB placed stronger emphasis on the role of DTs to better serve 
customers by providing operational transparency. This aligns with their observation that the 
market is increasingly leveraging DTs to innovate and enhance customer satisfaction. Finally, 
Sustainable Practices and Waste Reduction received partial and no validation, respectively. 
CompB touched on sustainable practices and waste reduction indirectly by discussing cost 
reduction and operational efficiencies but did not explicitly link these to sustainability goals. 
CompA, although not initially mentioning these capabilities in response to the first block of 
questions, later supported them during discussions of the non-technical capability 
interrelationship model (Figure 2).

------ Insert Table 9  here ------

In terms of additional non-technical DT capabilities, both organizations agreed on the 
importance of Bridging Technical and Business Domains. CompA described this capability as 
essential for aligning technical DT capabilities with strategic business goals, ensuring that 
projects involving DTs deliver meaningful value. CompB focused on the formation of 
multidisciplinary teams capable of effectively communicating and integrating expertise from 
both domains to ensure that DT solutions align with business objectives and deliver 
measurable outcomes. Change Management and Overcoming Organizational Resistance also 
emerged as critical capabilities in both cases, reflecting the importance of managing cultural 
and operational shifts through stakeholder involvement and gradual implementation 
strategies. Distinctively, CompA introduced the importance of integrating Domain Knowledge 
to ensure DT relevance, illustrating the critical role of specialized industry expertise in large-

Page 14 of 87Journal of Enterprise Information Management

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Journal of Enterprise Inform
ation M

anagem
ent

scale, sector-specific DT projects, where accurate contextualization of DT solutions is 
essential. CompB underlined Skill Development and Talent Management, advocating 
investment in training to build balanced technical and business expertise. Finally, Resource 
Liquification was uniquely identified by CompB as a non-technical capability, referring to the 
enhanced mobility and accessibility of information and services enabled by DT platforms. This 
capability supports greater agility and responsiveness in DSI, particularly in environments 
requiring dynamic resource allocation and real-time adaptability. The capabilities emerging 
from the cases are presented in Table 10.

------ Insert Table 10  here ------

4.2 Understanding the role of DTs in DSI deployment
4.2.1 The extent to which DT capabilities align with those required for DSI deployment

Case CompA: Consulting Engineering Firm (Digital Twin consultancy department)
The interviewee from CompA validated several technical DT capabilities identified from the 
literature as crucial for enabling DSI. Specifically, Data Management and Analytics, Integration 
of Heterogeneous Systems and Technologies, Interoperability, Advanced Visualization, and 
Cybersecurity were confirmed as technical DT capabilities required for developing and 
exploiting DTs, which are also essential for DSI, as presented in the initial conceptual 
framework (Figure 1). Additionally, the interviewee highlighted two supplementary technical 
DT capabilities enabled through DT use, Scenario Analysis and Predictive Analysis, as 
significantly overlapping with technical DSI capabilities.

Scenario Analysis, in particular, was recognized for its potential to facilitate service-
oriented innovation, as it allows organizations to digitally explore multiple scenarios, thereby 
reducing costs and enhancing the efficiency of new service development:

“In the design phase, digital twins allow companies to explore all kinds of scenarios and 
options, helping to create smarter and more optimized services” 

 “…you can also use digital twins to explore all kinds of options digitally… that is not as 
expensive as if you start trying to engineer and build it”

Predictive Analysis was also identified as transformative for enabling innovative 
services, particularly those related to predictive maintenance:

“With AI and machine learning models in digital twins, you can develop better data-driven 
models and offer better services around predictive maintenance, especially in complex 
environments…”

From a non-technical perspective, CompA’s interviewee affirmed that a set of the DT 
capabilities outlined in the literature overlapped significantly with capabilities necessary for 
DSI. Specifically, Strategic Alignment and Complexity Management, Effective Communication 
and Collaboration, Organizational Learning and Adaptation, and a Customer-Centric 
Approach were validated as essential capabilities for DSI. Furthermore, three of the newly 
identified capabilities. Bridging Technical and Business Domains and Domain Knowledge 
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emerged as critical for aligning DT capabilities with DSI objectives. The interviewee 
emphasized the necessity of integrating business understanding and context-specific 
knowledge to enhance services through DT initiatives:

"…(to offer services)..you want to understand the value chain of the company, the business 
capabilities, not just the capabilities to build digital twins…understand the ecosystem done by 
enterprise architecture, to identify what exists and what needs to be connected."

Finally, case CompA explicitly linked Change Management to DSI; specifically, 
overcoming organizational resistance was discussed:

" (about how to promote service innovation through Digital twins)…Maybe that's also an idea 
to do it, to say, yeah, evangelize based on use cases and services internally and  externally."

Case CompB: : Digital Twin as a Service (DTaaS) provider
The interviewee from CompB validated several technical DT capabilities identified in the 
literature as crucial for enabling DSI, including Data Management and Analytics, 
Cybersecurity, Interoperability, and Integration of Heterogeneous Systems and Technologies. 
These capabilities were considered fundamental in supporting service-oriented business 
transformations. Additionally, the interviewee introduced and identified four further 
technical DT capabilities as significant for enabling DSI. These include two newly identified 
capabilities, Edge Computing and Advanced Visualization, and two capabilities - Predictive 
Analytics and Scenario Analysis - that were previously classified within DT capabilities but 
were not integrated into the initial framework (Figure 1) as technical DSI capabilities. Among 
these newly recognized capabilities, some were particularly reinforced during the interview.

Edge Computing was particularly emphasized as essential in scenarios requiring 
immediate data handling and rapid decision making:

“The more data you take on, the more complex the infrastructure management becomes… it 
takes quite a bit of time to understand the needs, the capacity… that's when we start talking 
about edge computing...to process massive amounts of data.”

Advanced Visualization was also highlighted as transformative, with its potential to 
enhance user experience and enable interactive, customer-oriented services:

“What we call the visualization layer... visualization, it could be anything from 3D 
visualization, AR, VR (HoloLenses)… can enhance the user experience, creating opportunities 
for tailored and interactive services.”

Similarly, Predictive Analytics and Scenario Analysis were identified as integral 
capabilities for driving innovation in digital services:

“…the what-if scenarios analysis are quite connected (with innovation)… some organizations 
use them for the design of new products and services.”
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From a non-technical perspective, the interviewee validated several capabilities from 
the initial framework (Figure 2) as essential enablers of DSI. These included Strategic 
Alignment and Complexity Management, Organizational Learning and Adaptation, Effective 
Communication and Collaboration, and Customer-Centricity. In addition, the interviewee 
contributed to the initial framework by identifying four additional non-technical capabilities -
Bridging Technical and Business Domains, Skill Development, Resource Liquification, and 
Change Management - as critical for supporting DSI initiatives.

In relation to Strategic Alignment and Complexity Management, the interviewee 
underscored the importance of aligning DT initiatives with strategic objectives, ensuring a 
comprehensive understanding of organizational processes and their interdependencies:

“We start with conversations about business strategy, objectives, and challenges… This top-
to-bottom approach helps create the foundation for digital twins to deliver the business 
outcomes needed.”

The ability to bridge technical and business domains was also strongly emphasized as 
a key enabler of DSI. According to the interviewee, aligning these domains facilitates the 
development of services that meet both operational and strategic needs:

“You have to have a business understanding alongside technical knowledge. Digital twin 
projects focus on a multidisciplinary team… bringing these two worlds together to create 
innovative business outcomes.”

Cross-case analysis
The cross-case analysis revealed a high degree of alignment between the two cases regarding 
the extent to which DT capabilities overlap with those required for DSI (Figures 3 and 4). Both 
CompA and CompB identified several key technical capabilities as essential for DSI, including 
Data Management and Analytics, Cybersecurity, Interoperability, and Integration of 
Heterogeneous Systems. These capabilities constitute the foundational technical 
infrastructure necessary for the effective deployment of innovative digital services, as initially 
outlined in the literature. Additionally, both organizations expanded upon the initial model 
by emphasizing the critical role of two DT-enabled capabilities - Scenario Analysis and 
Predictive Analytics - in supporting DSI. Furthermore, both cases introduced the newly 
identified capability of Advanced Visualization, which was viewed as instrumental in 
enhancing user experience, enabling interactive scenario exploration, and supporting 
innovative service offerings. CompB uniquely stressed the importance of Edge Computing in 
addressing real-time data processing challenges within dynamic environments.

The cross-case analysis revealed substantial alignment between both organizations 
around the extent to which DT capabilities overlap with those required for Digital Service 
Innovation (DSI). Key technical capabilities recognized by both CompA and CompB as essential 
for DSI include Data Management and Analytics, Cybersecurity, Interoperability, and 
Integration of Heterogeneous Systems.

The analysis also revealed convergence in relation to non-technical capabilities. Both 
CompA and CompB emphasized the importance of Strategic Alignment and Complexity 
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Management, recognizing these as fundamental to the successful DSI. Similarly, capabilities 
such as Effective Communication and Collaboration, Organizational Learning and Adaptation, 
and Customer-Centricity were consistently recognized as overlapping capabilities between DT 
and DSI. In addition, newly identified non-technical DT capabilities such as Bridging Technical 
and Business Domains and Change Management  were reinforced across both cases as playing 
a critical role in enabling DSI. This alignment underscores the need for organizations to 
strategically connect DT-related competencies with business and innovation objectives to 
support effective DSI deployment.

The analysis also demonstrated convergence in relation to non-technical capabilities. 
Both CompA and CompB emphasized the importance of Strategic Alignment and Complexity 
Management, recognizing these as fundamental to the successful integration of DT initiatives 
within broader organizational strategies, including DSI. Similarly, capabilities such as Effective 
Communication and Collaboration, Organizational Learning and Adaptation, and Customer-
Centricity were consistently validated. In addition, newly identified non-technical DT 
capabilities such as Bridging Technical and Business Domains and Change Management were 
reinforced across both cases as having an important role for DSI as well. This alignment 
highlights the need for organizations to strategically connect DT-related competencies with 
business and innovation objectives in order to enable effective DSI deployment.

Nevertheless, the analysis revealed notable distinctions in the specific DT capabilities 
each organization associated most closely with DSI requirements. For example, CompA 
uniquely emphasized the integration of Domain Knowledge to tailor DT solutions to industry-
specific contexts. This emphasis reflects CompA’s role as a consulting engineering firm 
engaged in large-scale infrastructure projects, where deep sectoral expertise is essential for 
ensuring that DT applications are relevant, accurate, and aligned with complex technical and 
regulatory environments. In contrast, CompB identified Skill Development, enabled through 
DT use, and Resource Liquification as distinctive non-technical capabilities supporting DSI. The 
focus on these capabilities reflects CompB’s need to navigate the dynamic ecosystems of their 
clients, often operating with partners across varied sectors and digital infrastructures. 

------ Insert Figure 3 and Figure 4 here ------

4.2.2 Leveraging DT capabilities for DSI deployment

Case CompA: Consulting Engineering Firm (Digital Twin consultancy department)
CompA’s interviewee provided valuable insights into how DT capabilities are actively 
leveraged in practice to support the deployment of DSI. The interviewee discussed the role of 
Change Management, particularly strategies for overcoming organizational resistance, as a 
DT capability that critically enable successful DSI. In Case A, a clear connection was made 
between DT capabilities related to knowledge management, domain expertise, and 
customer-centric approaches and their relevance in supporting servitization and knowledge-
based service offerings. These capabilities were recognized for enabling a shift from product-
based models to service-oriented ones, with DTs seen as key tools for capturing organizational 
expertise and facilitating this transition:
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“I'm convinced that with the help of digital twins, the servitization of products and selling 
services instead of hardware will enormously grow.”

“You can also use them (digital twins) to catch and capture the knowledge about all those 
assets, especially when you fill in or when you set up digital trends based on knowledge 
graphs…”

The interviewee further explained how DTs enable dynamic, real-time representations 
of physical systems, thereby enhancing the ability of firms to provide performance-based and 
innovation-driven services:

“[Talking about performance-based services] …You can do that much better if you have digital 
twins because then you have the physical dynamic representation of part of the company.”

In this context, DTs were identified as drivers of continuous improvement and 
optimization across operational and engineering processes, highlighting their transformative 
potential for traditional service delivery:

“Most of the time, you improve operational or engineering processes and use digital twins to 
optimize, improve, and do smarter optimization of operational processes … Can we call that 
innovation? Maybe we can.”

These findings highlight the active role of DT capabilities in facilitating not only the 
initial deployment but also the ongoing evolution of innovative digital services.

Case CompB: : Digital Twin as a Service (DTaaS) provider
CompB’s interviewee and secondary data provided insights into how DT capabilities are 
actively leveraged to support the deployment of DSI. Effective Change Management was 
highlighted as a crucial capability, particularly in facilitating successful DT adoption and 
sustained innovation. The interviewee advocated for iterative implementation strategies to 
enhance organizational acceptance and alignment with evolving service goals:

“You don’t overwhelm the organization with automation; you do it in small pieces to increase 
adoption… This approach helps align digital twin capabilities with evolving service goals.”

Skill Development also emerged as a key enabler of DSI, emphasizing the critical role 
of DTs in supporting training and developing operational and business understanding of 
assets. This capability was seen as essential for equipping teams with the expertise needed to 
effectively apply DTs in innovative digital service offerings:

“This takes a lot of time from a business to train people and provide the right understanding… 
but these skills are essential for creating solutions that connect data, processes, and business 
insights.”

Resource Liquification was uniquely emphasized, highlighting the potential of DTs to 
enable dynamic utilization of internal and external resources. This capability supports 
innovative forms of collaboration across organizational ecosystems:
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“When you negotiate governance methods to acquire external data, it provides a huge 
business advantage… Digital twins help simulate scenarios and understand impacts, enabling 
better collaboration and innovative solutions.”

In addition to the interview findings, secondary sources reinforced CompB’s 
perspective of DTs as orchestrators that support enhanced decision making, resource 
optimization, and the development of innovative value propositions. The strategic vision of 
CompB positions DTs as integrative frameworks that bridge technical and business domains, 
enabling service innovation, operational excellence, and the creation of new service models, 
such as data monetization:

“We are helping [customers] leverage their own data to create new revenue streams... helping 
them package and sell their existing technology … now I see new needs come up with 
customers such as data monetization… this is a new service that never existed before.”

In conclusion, CompB regards DT capabilities not merely as technical tools, but as 
strategic enablers that bring together diverse competencies to support DSI. In this view, DTs 
are instrumental in generating new value through service innovation, bridging internal silos, 
and fostering agile responsiveness within evolving digital ecosystems. As the interviewee 
summarized:

“Digital twins allow different types of services to play a part at the same time... they bring 
these two worlds [physical and digital] together and enable organizations to speak the same 
language.”

This perspective also reflects the integration of knowledge across organizational 
boundaries, whereby companies use digital twins as shared models to integrate data and 
simulate common and interconnected activities.

Cross-case analysis
Both organizations demonstrated how DT capabilities are leveraged to facilitate and 
accelerate the deployment of DSI, though they emphasized distinct strategic orientations and 
responded to different market-driven considerations.

CompA primarily leveraged DT capabilities to support its clients’ transition toward 
servitization, transforming traditional product-based offerings into innovative, service-
oriented business models. DT-enabled capabilities such as Scenario Analysis and Predictive 
Analytics were specifically recognized as means to test, optimize, and improve new services 
in virtual environments, thereby reducing costs and associated risks. In addition, CompA 
highlighted the use of DTs for capturing and sharing critical organizational knowledge, as well 
as supporting educational and training applications aimed at workforce upskilling and 
continuous adaptation, which are key enablers of effective DSI.

In contrast, CompB emphasized leveraging DT capabilities around value creation and 
orchestration. The company identified the capability of Resource Liquification, which allows 
enhanced mobility and accessibility of data and services across platforms, as pivotal in 
enabling highly responsive and flexible service innovation. CompB also illustrated how 
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capabilities such as Advanced Visualization and Edge Computing are applied to create tailored 
digital services that support real-time decision making and strengthen customer engagement. 
Notably, CompB’s strategic use of DTs to facilitate new services for their clients, such as data 
monetization and productization, exemplifies how DT capabilities can support the 
development of novel business models and revenue streams.

Overall, this cross-case analysis illustrates that, while both cases explain how DT 
capabilities support DSI, their distinct industry contexts shape the specific manner in which 
these capabilities are employed by their clients to facilitate DSI.

5.- Contributions and Implications
5.1 Theoretical contributions
This study advances the literature on service innovation and DT by illuminating how DT 
capabilities can serve as strategic enablers of DSI. Existing research in DT has predominantly 
focused on the technical aspects of DTs (e.g., Kritzinger et al., 2018; Fuller et al., 2020) but 
has rarely integrated the service innovation perspective to explore their broader impact on 
DSI. By contrast, this study systematically maps DT capabilities, both those required to 
develop and exploit DTs and those achieved through DT use, against essential capabilities for 
DSI (Figures 3 and 4), demonstrating concrete overlaps and synergies between these domains.

First, the study identifies a set of novel DT capabilities emerging from the empirical 
analysis that had not been previously recognized. These include the technical capabilities of 
Knowledge Graphs, Ontology Management, Edge Computing, and Advanced Visualization, as 
well as the non-technical capabilities of Change Management, Bridging Technical and 
Business Domains, Domain Knowledge, Skill Development, and Resource Liquification. These 
newly identified technical DT capabilities enable more sophisticated DT functionalities, such 
as real-time data processing and immersive user experiences, while non-technical capabilities 
extend beyond the traditional engineering focus of DT by enhancing organizational functions 
such as knowledge sharing, strategic alignment, and agile resource deployment. These 
functions influence service innovation by fostering greater agility, co-creation, and user-
centric design (Lusch & Nambisan, 2015; Vargo et al., 2024). Furthermore, these results 
extend existing discussions on the transformative potential of DTs (Fukawa & Rindfleisch, 
2024; Galera-Zarco, 2024), underscoring that their value is not limited to operational 
optimization alone but also encompasses broader innovation and service ecosystems. 
Additionally, these findings emphasize the importance of organizational and strategic 
capabilities in digital transformation and service innovation contexts, and expand upon 
previous studies in this area (Kohtamäki et al., 2020; Rabetino et al., 2024).

Second, the integration of DT capabilities with DSI frameworks constitutes an 
important theoretical contribution. Findings demonstrate that many DT capabilities, both 
technical (Data Management and Analytics, Cybersecurity, Interoperability, Integration of 
Heterogeneous Systems, Scenario Analysis, Predictive Analysis, Edge Computing, and 
Advanced Visualization) and non-technical (Strategic Alignment and Complexity 
Management, Domain Knowledge, Change Management, Organizational Learning and 
Adaptation, Bridging Technical and Business Domains, Effective Communication, Customer-
Centricity, Skill Development, and Resource Liquification) overlap significantly with those 
required for DSI. This convergence supports a synergistic pathway through which DTs act as 
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catalysts for DSI, aligning technical infrastructure with organizational and strategic 
imperatives. In this vein, these results underscore the importance of aligning technological 
initiatives with business objectives in a continuous process of learning and alignment 
(Coreynen et al., 2024), driving a culture receptive to innovation, resonating with previous 
studies (e.g., Barrett et al., 2015; Opazo-Basáez et al., 2022 - 3).

Third, comparative insights from CompA and CompB illuminate how organizations 
leverage DT capabilities to drive DSI in distinct ways. For CompA, DT capabilities (e.g., Scenario 
Analysis, Predictive Analytics, and Domain Knowledge) serve as conduits for servitization and 
deeper asset knowledge, aligning with literature emphasizing domain-specific expertise in 
advanced service offerings (Story et al., 2017). Conversely, CompB recognizes DT capabilities 
such as Edge Computing, Advanced Visualization, Skill Development, and Resource 
Liquification as critical for value co-creation (Vargo et al., 2024), enabling agile, data-driven 
collaboration with clients and partners across diverse ecosystems (Bustinza et al., 2024). 
Collectively, these findings enhance theoretical understanding of how DTs can function as 
strategic platforms for DSI, enabling servitization pathways, bridging organizational silos, and 
facilitating new service models.

Finally, by incorporating the Digital Servitization Pathway (DSP) perspective outlined 
by Vendrell-Herrero et al. (2024), this study further emphasizes that DT-enabled digital 
transformation acts as a precursor to advanced service innovation. Accordingly, the 
integrative framework presented in Figures 3 and 4 provides a structured foundation for 
understanding how DT capabilities facilitate DSI by supporting both the technological and 
organizational transformations necessary for successful digital servitization. Taken together, 
these contributions enrich theoretical discourse on digital transformation and service 
innovation, demonstrating that DT capabilities can evolve from isolated technical tools into 
strategic enablers of innovation.

5.2 Managerial contributions
This research offers several practical implications for organizations involved in developing DTs 
as well as those seeking to deploy DSI. Primarily, the identification and validation of both 
established and newly emerged DT capabilities across technical and non-technical dimensions 
offer a comprehensive framework that can guide strategic investments in DT initiatives.

Organizations should adopt a dual-focused approach when investing in DT capabilities. 
On the technical side, developing robust DT infrastructures able to support advanced digital 
services. Concurrently, building organizational readiness through effective change 
management, multidisciplinary collaboration, and continuous skill development is equally 
important. Aligning technical expertise with business strategy is essential to ensure that DT 
initiatives are embedded within broader organizational objectives and contribute effectively 
to service innovation. To this end, organizations should develop multidisciplinary teams that 
combine technological proficiency with business insight, enabling DT projects to generate 
concrete value and advance strategic priorities. Such integration supports the translation of 
technological potential into service innovations that respond to customer needs and reinforce 
competitive positioning.
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Moreover, the integration and overlap of DT capabilities with DSI requirements 
underscore the existence of strategic pathways for achieving DSI through DTs. First, DTs can 
facilitate digital servitization by enhancing asset knowledge and enabling virtual scenario 
simulations and predictive maintenance, thereby reducing associated risks and costs, as 
evidenced in the findings from CompA. Second, DTs can promote value co-creation through 
capabilities such as resource liquification, adaptive collaboration, and real-time decision 
support, as demonstrated by CompB. This dual-pathway perspective provides organizations 
with a structured approach to transitioning from traditional product-centric models toward 
innovative, service-oriented solutions.

Lastly, prioritizing data governance and cybersecurity is imperative. Given the 
substantial volumes of sensitive data managed by DTs, establishing robust data governance 
frameworks and implementing stringent cybersecurity measures not only mitigate potential 
risks but also enhance stakeholder trust, thereby supporting sustainable DSI deployment. 
Proactively investing in these technical and organizational capabilities positions organizations 
to leverage digital assets effectively, respond adaptively to evolving market conditions, and 
secure sustained competitive advantage within the digital economy.

6. Limitations
While this study offers valuable insights into the role of DT capabilities in enabling DSI, several 
limitations must be acknowledged. First, the empirical analysis is confined to two specific 
organizational contexts: a consulting engineering firm and a Digital Twin as a Service (DTaaS) 
provider. This sectoral focus may limit the broader applicability of the findings, particularly to 
organizations operating in industries with distinct technological infrastructures, business 
models, or regulatory environments. However, it is worth noting that both companies work 
across a range of client sectors, and the insights presented reflect a cross-industry perspective 
derived from their cumulative experience.

Additionally, although the multiple-case design supports in-depth analysis and 
comparison, the limited number of cases restricts the extent to which conclusions can be 
generalized. This is particularly relevant in relation to the empirical validation of capabilities, 
the identification of emergent ones, and the proposed pathways linking DT use to DSI. 
Broader studies including a more diverse range of organizations may reveal additional 
dynamics not captured here.

Second, data collection relied on a single informant per case. While both individuals 
held senior roles with extensive visibility over DT-related initiatives and strategic 
developments, their views inevitably represent individual interpretations. This approach may 
constrain the depth and diversity of perspectives captured, particularly concerning internal 
processes and organizational culture.

Finally, the qualitative nature of the study, although well-suited to uncovering 
complex interrelationships and context-specific mechanisms, does not allow for the 
quantification of causal effects between DT capabilities and DSI outcomes. The research 
offers detailed conceptual insights but does not empirically assess the magnitude or statistical 
significance of the identified capability linkages.

7. Conclusions and future research lines
This study has examined the role of DT capabilities in driving DSI within organizations. The 
findings reveal a significant overlap between DT capabilities and those required for DSI, thus 
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providing empirical support for the study’s first hypothesis. In addressing the alignment 
between DT capabilities and the needs for effective DSI deployment, the analysis 
demonstrates robust convergence across both capability sets. Technical and non-technical 
dimensions essential for DT development and exploitation, as well as capabilities enabled 
through DT use, substantially correspond to those necessary for deploying innovative digital 
services (Figures 3 and 4). This alignment indicates that investments in DT capabilities do not 
merely enhance digital infrastructures but also initiate a transition from conventional digital 
transformation toward more innovative, service-oriented business models. Consequently, 
DTs provide a natural bedrock for achieving DSI.

With respect to the second hypothesis - that organizations utilizing DTs are better 
positioned for successful DSI - the evidence from both cases confirms that leveraging DT-
enabled capabilities, such as scenario analysis, predictive analytics, and resource liquification, 
significantly enhances service design. Specifically, DTs reinforce strategic alignment by 
demanding coherence between DT initiatives and overarching business objectives, thus 
enabling effective complexity management. Additionally, through sophisticated data 
management, advanced analytical capabilities, and a customer-centric approach, DTs 
facilitate the delivery of personalized services. DT capabilities not only support the initial 
implementation of innovative digital services but also promote ongoing organizational 
learning and agile adaptation, thereby strengthening competitive positioning in dynamic 
digital ecosystems

Furthermore, in exploring how DT implementation and usage drive organizational 
readiness for DSI deployment, this study identifies critical enabling capabilities facilitated by 
DTs. On the technical side, DTs bolster digital agility by encouraging the adoption of advanced 
technological solutions and the integration of complex systems, which enhances data 
utilization, advanced visualization, and real-time decision making. From a non-technical 
perspective, DTs enable strategic alignment and effective complexity management, ensuring 
close integration between digital initiatives and business goals. Importantly, this research 
highlights two distinct pathways through which DT capabilities drive innovation in digital 
services: first, DTs facilitate digital servitization by enhancing knowledge of assets and client 
needs within their operational context.; second, DT capabilities enhance collaboration, 
interoperability, and resource liquification, resulting in superior and more effective value co-
creation processes. This dual-pathway perspective underscores the multifaceted potential of 
Digital Twins as strategic enablers of DSI.

Future research could broaden the understanding of Digital Twin (DT) capabilities and 
their role in Digital Service Innovation (DSI) by examining a larger and more varied sample of 
organizations from different industries. Expanding the empirical scope would enhance the 
generalizability of the findings and offer deeper insights into industry-specific dynamics 
influencing the relationship between DT adoption and DSI outcomes. Additionally, 
incorporating multiple informants representing diverse organizational roles could mitigate 
potential biases associated with single-informant data and provide richer, more nuanced 
perspectives on internal processes and capabilities. Quantitative studies would also 
contribute significantly by empirically validating the extent to which specific DT capabilities 
directly influence DSI performance. Such studies could quantify relationships identified 
qualitatively in this research, thereby strengthening the robustness of conclusions drawn 
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about capability impacts. Lastly, investigating manufacturing firms that are pursuing 
servitization strategies and also deploying DTs would be particularly valuable, as it could 
further illuminate the role of DTs as value orchestrators, enabling novel business models and 
fostering ecosystem-based collaboration.
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The role of Digital Twin capabilities in Digital Service Innovation deployment: a multiple 
case study approach 

Purpose - As industries increasingly integrate Digital Twins (DTs) into their operations and 
service offerings, it becomes crucial to understand the specific technological and 
organizational capabilities associated with DTs and their role in effective Digital Service 
Innovation (DSI). This paper contributes to the literature on DSI-enabling factors by examining 
the role of DT capabilities in driving DSI within organizations, highlighting the areas of 
interconnection.
Design/methodology/approach - This study adopts a multiple case study approach, 
examining two organizations with different engagements with DT:  a  consultancy engineering 
firm offering DT solutions, and a technology company specializing in DT services for different 
sectors. These diverse perspectives aim to provide a comprehensive understanding of role of 
DT in DSI in different organizational contexts.
Findings - The study identifies distinct capabilities needed to develop and exploit DT, as well 
as new capabilities acquired by organizations through DT deployment. It reveals that several 
technical and non-technical DT capabilities overlap with established DSI capabilities, 
illustrating a logical pathway from DT capabilities to DSI. These insights are synthesized into 
a theoretical framework which illustrate how DT capabilities support and enable DSI.  
Practical implications - This research delineates critical DT capabilities and highlights which 
of these contribute to the effective deployment of DSI. These findings provide actionable 
strategies for organizations aiming to develop and strengthen DT capabilities to maximize 
their potential impact on DSI.
Originality/value - This paper expands beyond the prevalent technical and engineering 
emphasis in DT literature by adopting a holistic capabilities-based approach. It provides an in-
depth examination of how DT capabilities can drive DSI, delivering valuable insights for both 
academia and industry practice.

Keywords: Digital Twin, Digital Service Innovation, Capabilities, Product-Service Systems, 
Digital Services 
Paper type: Research paper

1. Introduction 
The transformative power of new digital technologies is leading to the development of new 
service paradigms which fundamentally change how companies interact with their customers 
and how they orchestrate their value chains (Kamalaldin et al., 2020). In particular, the 
proliferation of data-driven digital service offerings, underpinned by contextual, 
environmental, and consumer behavior insights, has generated innovation across industries, 
allowing organizations to dynamically reconfigure and align their service offerings with 
evolving customer demands and market conditions (Heller et al., 2021; Opazo-Basáez et al., 
2024a). In this context, Digital Service Innovation (DSI) has emerged as a driver of competitive 
advantage, significantly influenced by the broader phenomenon of digital transformation 
(Barrett et al., 2015). Rooted in the trends of servitization and digitalization, DSI represents a 
fundamental shift whereby digital technologies transition from supplementary roles to 
central components of service innovation ( Opazo-Basáez et al., 2024b).

Page 32 of 87Journal of Enterprise Information Management

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Journal of Enterprise Inform
ation M

anagem
ent

The growth of digital service innovations reshapes competitive dynamics, marking the 
shift from traditional product-oriented strategies to integrated digital solutions (Vendrell-
Herrero et al., 2017). Nonetheless, deploying DSI remains challenging due to the required 
complex interactions between organizational, strategic, and technological dimensions 
(Barrett et al., 2015). Organizations often encounter barriers such as technological 
incompatibilities, limited customer-oriented capabilities, and deficiencies within innovation 
processes (Chin et al., 2023; Greenhalgh et al., 2004). In fact, these challenges often arise 
because of conflicting demands on organizational resources and capabilities (Vial and Grange, 
2024). Addressing these challenges requires a deeper understanding of how technology 
adoption influences service innovation capabilities. Burton et al. (2024) argue that technology 
integration must extend beyond technical problem-solving to strategically enhance 
innovation capabilities and drive ecosystem interactions. This underscores the need to align 
digital technologies strategically with service innovation goals.

DSI emphasizes the interconnectedness of digital technologies and service offerings, 
requiring continuous adaptation of services and underlying technological infrastructures to 
enhance customer experiences and operational performance (Opazo-Basáez et al., 2022). It 
leads to an increased utilization of transformative technologies such as Digital Twins (DTs), 
Internet of Things (IoT), Big Data, Artificial Intelligence (AI), and Cloud Computing for service 
offerings (Jamwal et al., 2022; Opazo-Basáez et al., 2022). Among these technologies, DTs 
uniquely facilitate real-time digital representations of physical systems enhancing predictive 
capabilities, process optimization, and enabling the provision of highly tailored services 
(Galera-Zarco, 2024). Indeed, DT is increasingly recognized as a key enabler of innovation, 
effectively bridging the physical and digital domains (Fukawa & Rindfleisch, 2024; Galera-
Zarco, 2024). While initially employed primarily for operational optimization and cost 
reduction, DTs are now appreciated for their capacity to enhance service offerings and 
generate new value propositions across sectors such as manufacturing, healthcare, the built 
environment, and energy (Galera-Zarco & Papadonikolaki, 2023; Meierhofer et al., 2020). 
Research exploring the role of DTs in value creation highlights their systematic integration 
into service layers, facilitating value co-creation (Galera-Zarco, 2024; Meierhofer & West, 
2019; West et al., 2021). However, existing literature reveals a notable gap regarding the 
organizational and technological capabilities necessary to effectively leverage DTs within 
service contexts (Agrawal et al., 2022; Fuller et al., 2020). Predominantly, research has 
emphasized technical and engineering aspects of DT implementation (e.g. Ferko et al., 2022; 
Minerva et al., 2020), overlooking its potential in driving broader service innovations as 
indicated by Fukawa and Rindfleisch (2023).

Based on the above, there exists a gap in fully understanding the integration and 
operationalization of digital technologies within the framework of service innovation. 
Traditional service management has often detached technological advancements from 
service strategies, thus limiting the potential for digital technologies to enable truly innovative 
service offerings (Kreye, 2022). This oversight necessitates a revaluation of how digital 
developments, such as DTs, can be strategically employed not only to support but drive 
service innovation (Barrett et al., 2015; Bustinza et al., 2022; Vendrell-Herrero et al., 2021). 
Building on research by Burton et al. (2024), there is a pressing need to deepen our 
understanding of the specific capabilities which lead to more effective DSI. Moreover, it is 
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essential to investigate how capabilities developed for technology adoption and exploitation 
may play a pivotal role in enabling and scaling DSI.

This study aims to contribute to the understanding of DSI-enabling factors by specifically 
examining the role of DT capabilities in driving DSI within organizations. Two central research 
questions guide this exploration: 1) To what extent do capabilities developed through 
implementing and using Digital Twins align with those necessary for deploying Digital Service 
Innovation? and 2) In what ways does the implementation and use of Digital Twins enable 
organizations to leverage their capabilities for the deployment of Digital Service Innovation?
The study initially focuses on identifying and understanding the capabilities essential for 
developing, utilizing and exploiting a DT, followed by structuring the knowledge on 
capabilities required for DSI. The ultimate goal is to better understand whether and how DT 
capabilities influence the ability of organizations to perform DSI.

To address these questions, this study employs a multiple case study methodology, 
analyzing a multinational consultancy engineering firm specializing in DT technology and a 
provider of Digital Twin as a Service (DTaaS). By analyzing these two cases, the study captures 
a broader spectrum of what and how DT capabilities are leveraged for DSI. This research 
introduces a novel perspective by linking DT capabilities directly with the strategic elements 
of DSI. Situated at a juncture where businesses increasingly depend on digital technologies to 
drive service innovation and create competitive advantage, this study provides significant and 
timely research by examining the impact of DTs in this context.  

This research paper is structured into sections to provide a comprehensive 
understanding of the scope of the study and its contributions. The theoretical background 
section presents a detailed review of the literature, offering foundational insights on the role 
of DTs in service provision, identifying essential capabilities related to DTs and DSI, whilst also 
highlighting key gaps which this research seeks to address. The methodology section outlines 
and justifies the multiple case study approach, explaining how it supports the research 
objectives. The results and analysis are then presented and discussed in relation to existing 
literature in DSI. Additionally, the discussion also provides theoretical and managerial 
contributions derived from the research findings. Finally, limitations are recognized, and the 
conclusion highlights key findings and proposes directions for future research.

2. Theoretical background 
2.1. Digital Twin conceptualization and its role in service delivery
A Digital Twin (DT) is a comprehensive digital representation of a physical product, system or 
process, capturing selected characteristics, properties, and behaviors through a dynamic, 
bidirectional flow of real-time data, enabling continuous feedback and synchronization 
(Grieves & Vickers, 2016). Tao et al. (2018a) define DT similarly as a digital counterpart of a 
physical entity, process or system, created by amalgamating data from different sources, 
enabling replication of process and prediction of performance across different scenarios. A 
DT is not a simple and individual technology but comprises a coordinated set of digital 
technologies (Bolton et al., 2018). Primarily, DTs function as tools for monitoring, simulation, 
and optimization throughout the asset lifecycle (Grieves & Vickers, 2017). Over time their 
application has expanded beyond operational efficiency towards enabling real-time 
simulations and scenario testing, significantly enhancing organizational decision-making 
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capabilities (Tao et al., 2018b). Supported by advanced technologies such as IoT, AI, and Big 
Data Analytics (BDA), DT applications span sectors including manufacturing, healthcare, and 
the built environment (Jones et al., 2020; Kumar et al., 2023; Lu et al., 2020).

To understand the role of DT in service delivery, it is essential to adopt the perspective 
of Service-Dominant Logic (SDL). SDL reconceptualizes service provision as a collaborative and 
interactive multi-actor value creation process, emphasizing resource integration as a critical 
process to generating value (Vargo & Lush, 2004; Edvardsson et al., 2014; Lusch & Vargo, 
2014). This approach emphasizes collaboration, interaction, and the combination of efforts 
to create value, with organizations playing a key role in coordinating these integrations 
(Edvardsson et al., 2014; Lusch and Vargo, 2014; Vargo, Maglio, and Akaka, 2008). In this 
context, technology is often seen as a tangible enabler (operand resource) over which 
intangible skills (operant resource) operate to facilitate value creation (Lusch and Nambisan, 
2015). Within this logic, DTs serve as both operand and operant resources in value creation, 
embodying a dual role that highlights the transformative potential of DTs in enabling 
continuous value co-creation and redefining service dynamics within digital ecosystems 
(Galera-Zarco, 2024).

Building on this perspective, the phenomenon of servitization offers a complementary 
lens through which to examine the role of DTs in service delivery. As businesses increasingly 
move toward offering “advanced services” which emphasize outcomes and performance, 
they also shift responsibility for asset maintenance and optimization to service providers 
(Baines & Lightfoot, 2013; Baines et al., 2024; Opazo-Basáez et al., 2023; Story et al., 2017). 
In this context, DTs play a dual role here: enhancing performance and efficiency of physical 
assets involved in service delivery (Nicoletti & Padovano, 2019), and enabling deeper 
understanding of customer needs and service dynamics through sophisticated data analysis 
(Galera-Zarco, 2024; Meierhofer et al., 2020; Porter & Heppelmann, 2014). Additionally, DTs 
create a continuous feedback loop between the physical and digital environments, allowing 
for real-time adjustments based on precise analytics, thus facilitating dynamic, customized 
service delivery (Galera-Zarco & Papadonikolaki, 2023; Tao et al., 2018b).

2.2 Digital Twin capabilities
DTs require a balanced combination of technical and non-technical capabilities (Moyne et al., 
2020; Tao et al., 2018b). While technical capabilities ensure functionality and operability, non-
technical capabilities are essential for organizational readiness and strategic alignment (Fuller 
et al., 2020; Kritzinger et al., 2018; Lehner et al., 2021). Despite the increasing volume of 
research into DTs, there is still a variety of perspectives in implementing and using DTs which 
make the identification of these capabilities complex. Thus, a careful identification and 
definition of DT capabilities is required.
 
2.2.1 Essential capabilities for developing and exploiting Digital Twins
Plummer et al. (2021) presented an early attempt at identifying DT-related capabilities 
through a Skills and Competency Framework tailored for the National Digital Twin project in 
the UK. However, their focus on integrating DTs systems across various domains to achieve 
national interoperability may not fully align with capabilities relevant to individual 
organizations. This study digs deeper in the literature in order to define distinct sets of 
capabilities that allow organizations of any size, from small enterprises to large corporations, 
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to develop and implement DTs. Firstly, our research reviews specific technical capabilities 
required to develop and manage DTs.  This is then followed by an exploration of the non-
technical capabilities that support their strategic and operational integration into business 
processes.

Firstly, in order to effectively develop and operate DTs, the presence of technical 
capabilities is crucial.  These capabilities must ensure that organizations are able to build DTs 
which serve as accurate and dynamic representations of physical assets, enabling, among 
other uses, real-time monitoring, predictive maintenance, and operational optimization 
(Lehner et al., 2021). Technical capabilities include managing large volumes of data through 
effective collection, storage, processing, and analysis (Agrawal et al., 2022). Likewise, 
effective data management and data analytics are essential in DTs to interpret the vast 
amounts of data generated and derive actionable insights (Tao et al., 2018b). Additionally, 
integration capabilities enabling interoperability among heterogeneous technologies and 
legacy systems is fundamental to ensure DT accuracy and functionality (Barricelli et al., 2019, 
Rosen et al., 2015). Organizations also require modeling capabilities to maintain the accuracy 
and reliability of DTs (Schleich et al., 2017), as well as simulation abilities to run “what-if” 
scenarios by recreating potential changes affecting the physical counterpart (Barricelli et al., 
2019). 

As DTs often involve the management of sensitive data and control of critical 
operations, ensuring the security and privacy of data and associated systems is mandatory 
(Jones et al., 2020;  Plummer et al., 2021; Agrawal et al., 2022). Thus, effective cybersecurity 
is necessary to protect against potential threats and vulnerabilities, thereby safeguarding the 
operational continuity of DTs (Jones et al., 2020). Finally, a DT should seamlessly integrate 
and communicate with other DTs,  systems and components within a digital ecosystem. This 
involves compatibility with various data formats, external data sources, protocols and 
interfaces to ensure coherent and uninterrupted work across different platforms and 
operational technologies (Agrawal et al., 2022). Effective data interoperability facilitates data 
exchange and system integration, enabling comprehensive DT ecosystems (Barricelli et al., 
2019, Plummer, et al., 2021). Table 1 summarizes technical capabilities identified in the 
literature.

------ Insert Table 1  here ------

Beyond the technical requirements, non-technical capabilities are equally critical for 
the successful development and exploitation of DTs (Crespi, 2023). These capabilities involve 
organizational and human factors, allowing organizations to align DT with business objectives. 
These capabilities are also required to manage the cultural and operational shifts needed for 
digital transformation (Raj et al., 2020). Moreover, the presence of strong leadership from 
executive teams is vital for the successful integration and utilization of DTs within an 
organization (Negri et al., 2017; Martinez & Huss, 2022). Leaders must recognize the strategic 
value of data and ensure that DT initiatives are aligned with overarching business objectives 
(Plummer et al., 2021).  Additionally, DTs can also alter existing workflows and roles, so the 
implementation of DTs requires effective management of organizational change to navigate 
these transitions smoothly, minimizing disruption while maximizing positive outcomes 
(Kritzinger et al., 2018).
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The creation of effective communication and a collaborative environment are of great 
importance for the success of DT development.  Communication and knowledge sharing is 
essential between different departments, including IT, operations, and engineering 
(Uhlemann et al 2017; Plummer et al 2021). Moreover, stakeholder management, which 
includes transparency, reliability and ensuring security protocols, is of particular importance 
especially when stakeholders from different domains must collaborate and share sensitive 
data in the DT (Tripathi, et al, 2024). Overall, building and maintaining trust is fundamental to 
achieving user acceptance and ensuring effective use of DTs within an organization. In the DT 
context, trust involves confidence in the data integrity, system reliability, and the overall 
performance of the technologies (Broo et al., 2022, Plummer et al 2021; Trauer et al., 2022). 
Finally, as noted by Tao and Qi (2019), organizations implementing DTs must cultivate a 
culture of continuous learning and adaptation. Such a capability allows firms to effectively 
integrate new insights and data streams provided by DTs, thereby maintaining 
competitiveness and responding proactively to emerging challenges and opportunities. Table 
2 integrates the collection of these non-technical capabilities as presented in the literature.

------ Insert Table 2  here ------

2.2.2 Capabilities enabled through Digital Twin usage
In the exploration of DT capabilities and to better understand the potential of DTs as enablers 
of DSI it is pivotal to examine the capabilities achieved by organizations through their use. DTs 
not only require specific technical and organizational competencies for implementation and 
exploitation, they also enable the emergence of new capabilities.

A widely acknowledged technical capability enabled through DT usage is real-time 
monitoring and control of operational processes. This allows organizations to respond 
promptly to system changes and anomalies (Galera-Zarco, 2022; Tao & Qi, 2019; Uhlemann 
et al., 2017). By providing accurate, real-time representations of physical assets and systems, 
DTs contribute to operational optimization, enhancing efficiency and minimizing resource 
wastage (Galera-Zarco, 2022; Uhlemann et al., 2017). Another core technical capability is 
predictive analytics: by leveraging data-driven insights, DTs support the early identification 
and prevention of potential equipment failures, thereby reducing downtime and 
maintenance costs (Agrawal et al., 2022; Grieves, 2014). Additionally, DTs enable scenario-
based simulations which facilitate "what-if" analyses, equipping organizations with the ability 
to assess risks, forecast outcomes, and make informed decisions (Schleich et al., 2017; Tao & 
Qi, 2019). The final technical capability identified in the literature relates to the ability of DTs 
to support seamless data exchange and interoperability. This enables the integration of 
heterogeneous digital infrastructures and underpins the development of interconnected 
service ecosystems (Agrawal et al., 2022; Uhlemann et al., 2017). Table 3 encapsulates this 
set of technical capabilities.

------ Insert Table 3  here ------

In addition to technical capabilities, DT usage also enables a broad spectrum of 
organizational and strategic competencies. One key non-technical capability is the ability to 
support strategic decision making by enabling organizations to test and predict outcomes in 
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virtual environments, thereby avoiding risks to physical assets (Broo et al., 2022; Rosen et al., 
2015). DTs also enhance design an development processes by facilitating rapid prototyping 
and iterative design testing. This can reduce time-to-market and improve product or service 
quality (Schleich et al., 2017). Furthermore, DTs contribute to sustainability goals by 
optimizing resource utilization, minimizing waste, and promoting environmentally conscious 
practices (Galera-Zarco, 2022). In educational and training contexts, DTs provide realistic, risk-
free environments for skills development and operational training, which is crucial for 
preparing a skilled workforce in different industrial sectors (Beloglazov et al., 2020; Kang et 
al., 2016). DTs also allow collaboration among different actors by providing a unified platform 
for real-time information sharing across departments. This capability extends to cross-
organizational collaborations within ecosystems (Tao et al., 2019, Uhlemann et al. 2017). 
Finally, by simulating customer experiences and enabling the co-creation of tailored solutions, 
DTs enhance the personalization of service interactions and improve customer engagement 
(Barricelli et al., 2019; Broo et al., 2022; Galera-Zarco, 2024). Table 4 summarizes these non-
technical capabilities.

------ Insert Table 4  here ------

2.3 Conceptualizing Digital Service Innovation and its enabling capabilities 
DSI refers to the process of creating, improving, or transforming services through the strategic 
integration of digital technologies, reshaping value propositions, delivery mechanisms, and 
customer experiences (Barrett et al., 2015; Opazo-Basáez et al., 2022). As part of broader 
trends in digital transformation and servitization, DSI embodies a shift whereby digital 
technologies act not as enablers alone but as integral components of innovation logic, 
enabling continuous adaptation to dynamic market and customer needs (Vendrell-Herrero et 
al., 2017; Rabetino et al., 2024). As such, successful engagement in DSI requires a robust set 
of capabilities, both technical and non-technical, which organizations must harness to 
integrate, adapt, and leverage digital solutions in ways that align with evolving customer 
needs and strategic goals (Kohtamäki et al., 2020; Rabetino et al., 2024).  This section reviews 
the literature to identify and structure the capabilities that equip organizations to navigate 
the complexities of DSI.

First, technological capabilities are essential in DSI as they enable organizations to 
effectively adopt, adapt, and leverage new available emergent technologies within their 
business models (Bharadwaj et al., 2013; Barrett et al., 2015; Lehrer et al., 2018). To 
successfully deploy DSI, firms must adopt new technologies, adapt them to their specific 
operational context, and leverage the technologies to enhance service offerings (Kohtamäki 
et al., 2020; Rabetino et al., 2024).

 Vendrell-Herrero et al., (2017) discuss the strategic application of digital technologies 
in the context of digital servitization, emphasizing the importance of the integration of 
technologies to enhance service offerings. Indeed, the interdisciplinary nature of DSI requires 
the integration of technological advancements such as IoT, AI, and BDA to enable and 
enhance service offerings, hence the need for continual adaptation and innovation with 
technology (Kohtamäki et al., 2020; Rabetino et al. 2024). Likewise, the capability to manage 
data through comprehensive analytics is crucial in extracting actionable insights and 
supporting decision-making processes (Opazo-Basáez et al., 2022). Aligned with this, the 
importance of data analytics is emphasized for its potential to improve service delivery, create 
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new service opportunities, and to facilitate enhanced customer understanding and service 
personalization (Barrett et al., 2015; Lehrer et al. (2018); Raddats et al., 2022). 

A critical technical capability in DSI is the seamless integration of digital technologies 
into existing service architectures. This integration forms the backbone of robust digital 
service systems capable of efficiently meeting diverse and dynamic customer demands 
(Kohtamäki et al., 2020; Rabetino et al., 2024). The use of digital platforms further enhances 
this capacity by consolidating and coordinating digital technologies, allowing for scalable and 
flexible service offerings (Kohtamäki et al., 2022). Finally, data security and privacy represent 
indispensable technological capabilities within DSI. Protecting sensitive customer data is not 
only critical for regulatory compliance but also for maintaining trust within digital service 
ecosystems (Kraus et al., 2021). This imperative is further reinforced by Lusch and Nambisan 
(2015), who highlight its significance within the service-dominant logic framework. Table 5 
synthesizes the key technical capabilities for DSI identified in the literature. 

------ Insert Table 5  here ------

Non-technical capabilities play a crucial role in DSI, complementing technological 
competencies. Organizational learning and adaptation are fundamental to the continuous 
improvement and successful implementation of DSI (Nylén and Holmström, 2015). This 
capability allows organizations to evolve in response to technological advancements and 
changing market conditions (Awad & Martin-Rojas, 2024; Opazo-Basáez et al., 2024c). 
Moreover, Coreynen et al. (2024) emphasize the iterative learning processes undertaken by 
organizations to integrate new digital technologies effectively and  adapt their business 
models and strategies to deploy DSI. As highlighted by Sjödin et al. (2020), cultivating a culture 
of exploration and experimentation, particularly around digital technologies, is essential for 
successful DSI initiatives.  

Organizations engaging in DSI often participate in collaborative ecosystems, 
increasingly engaging with clients, external partners and other firms to collaboratively co-
create value. Effectively managing this value co-creation process is critical, as it  serves as a 
catalyst for the development of innovative digital service solutions (Serrano-Ruiz et al., 2024). 
Thus, Vargo et al. (2024) point to the significance of engaging in service ecosystems which 
leverage external capabilities and resources to support the delivery of innovative digital 
service offerings. An equally critical non-technological capability lies in ensuring strategic 
alignment between digital initiatives and overarching business objectives. As Awad and 
Martin-Rojas (2024) argue, such alignment, paired with effective management of the 
complexities inherent in digital transformation, is vital for realizing the full potential of DSI. In 
this context, Rabetino et al. (2024) indicate that aligning technological strategies with broader 
organizational goals ensures coherence in transformation efforts and supports sustained 
innovation and value creation through digital services. 

An additional non-technical capability is resource liquification. This removes barriers 
and facilitates the flow of information and services across digital platforms, thereby making 
organizational resources more accessible and responsive, and thus enabling DSI (Vargo et al., 
2024). Complementing this capability, the establishment of  a customer-centric approach has 
been identified as fundamental for successful DSI (Lehrer et al., 2018) as it allows the design 
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of personalized services which enhance customer experiences and satisfaction (Soto Setzke 
et al., 2023). Leveraging customer data to inform service design and delivery ensures 
alignment with customer expectations and preferences (Lehrer et al. 2018; Soto Setzke et al., 
2023). Table 6 summarizes the identified non-technical capabilities essential for effective DSI 
deployment.

------ Insert Table 6  here ------

2.4 Research gap identification and conceptual framework development
Recent literature has explored the relationship between emergent digital technologies and 
service innovation, particularly from a capabilities perspective. For instance, studies have 
proposed frameworks illustrating how AI (Akter et al., 2023) or BDA and digital platforms 
(Xiao et al., 2020) enable service innovation. However, despite this emerging focus observed 
in the literature, the role of DTs as enablers of DSI remains notably unexplored. 

Previous research has examined the technical and non-technical capabilities required 
for development and utilization of DTs (Kritzinger et al., 2018; Plummer et al., 2021). In 
parallel, the service innovation domain has separately identified critical capabilities essential 
for effective DSI (e.g., Barrett et al., 2015; Lehrer et al., 2018; Kohtamäki et al., 2020). 
Nonetheless, limited research specifically addresses the intersection and synergies between 
DT capabilities and those required for enabling DSI. Although existing studies acknowledge 
the contribution of DTs to enhanced service delivery (Galera-Zarco, 2024), improved 
operational efficiency (Tao et al., 2018b) and innovation processes (Fukawa & Rindfleisch, 
2024), their potential as strategic enablers for DSI remains underexplored. In particular, there 
is a lack of comprehensive research examining the extent to which capabilities developed 
through DT implementation and use align or overlap with the capabilities necessary for DSI. 
Addressing this gap is significant as it can offer valuable insights to organizations seeking to 
strategically leverage DTs as catalysts for innovation, particularly in industries undergoing 
servitization. While prior studies recognize the role of DTs in advanced services and value 
creation (Baines et al., 2024; Story et al., 2017), they do not thoroughly explore how DT-
specific capabilities directly enhance an organization's capacity to innovate in digital service 
contexts.

This research hypothesizes that the implementation and use of DTs, through the 
specific capabilities they both require and enable, position organizations to effectively engage 
in DSI. Thus, the hypotheses guiding this study are:

•H1: There is a significant overlap between Digital Twin capabilities and those 
necessary for Digital Service Innovation.

•H2: Organizations that develop and utilize Digital Twins are better positioned to 
successfully deploy Digital Service Innovation, as the capabilities required and gained 
through Digital Twins both align with and facilitate the development of key Digital 
Service Innovation capabilities.

Addressing this research gap provides an important contribution to the literature on 
DSI-enabling factors by offering a nuanced understanding of how DT capabilities influence 
organizational capacity for DSI and help to achieve competitive advantages. Based on a 
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comprehensive literature review and synthesis, this study develops two conceptual 
frameworks (Figures 1 and 2) to illustrate the interrelationships and overlaps among technical 
(Figure 1) and non-technical (Figure 2) capabilities involved in DT development and 
exploitation, capabilities gained through DT usage, and capabilities essential for deploying 
DSI.

------ Insert Figure 1 and Figure 2  here ------

3. Methodology  
In order to investigate how DT capabilities influence DSI within organizations, this study 
adopts an exploratory qualitative research design grounded in a multiple case study 
approach. Case study methodology is particularly well suited for examining contemporary 
phenomena within their real-life contexts, especially when addressing complex "how" and 
"why" questions which are central to the understanding of phenomena (Yin, 2017). The 
exploratory nature of the study enables the generation of new theoretical insights without 
being restricted to the validation of pre-existing frameworks (Rothenberger & Srite, 2009). 
Employing multiple case studies further strengthens the analytical depth by allowing cross-
case comparisons, thereby enhancing the robustness and potential generalizability of the 
findings (Eisenhardt, 1989). 

The case population of this study comprises organizations specializing in the 
development, exploitation, and strategic utilization of DTs. These organizations not only 
provide expertise in implementing and operating DTs but also support clients in strategic 
alignment and in leveraging the potential capabilities enabled through DT usage to achieve 
operational efficiency, strategic alignment, and DSI. The selection followed a purposive 
sampling strategy (Patton, 2015) aimed at capturing variation in organizational size, 
technological focus, and service models within the DT landscape. The first case study involves 
a large multinational engineering consultancy with a dedicated DT department, providing 
expertise on how established firms integrate DTs into complex, asset-intensive environments. 
The second case study features a smaller, technology-native company offering DTs as a 
service (DTaaS) illustrating agile, innovation-driven applications of DT technology. Beyond 
their internal expertise, both organizations work with a diverse range of clients across 
industries and project types, supporting digital transformation efforts, strategic alignment, 
and innovation initiatives. Together, these organizations span a broad range of DT 
implementation contexts. 

To maintain anonymity, the two organizations are referred to as CompA and CompB. 
An overview of each case is presented below to contextualize their positioning and relevance 
in exploring DT capabilities in relation to DSI.

CompA is a multinational consulting engineering firm with over 6,000 professionals 
operating across multiple countries. The organization addresses complex global challenges in 
sectors such as aviation, energy, and urban development. This study focuses on the firm’s 
Digital Twin consultancy department, which plays a pivotal role in supporting clients through 
the design and operational phases of projects by offering innovative DT solutions. Their core 
expertise lies in leveraging DTs to address issues such as inefficiencies, sustainability and data 
complexity, while also enhancing stakeholder engagement and articulating the value of DTs 
across asset lifecycle. The primary informant for this case was a Digital Twin consultant and 
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Business & IT architect, selected due to extensive experience in managing DT-related projects 
across multiple industries, their involvement in strategic initiatives related to digital 
transformation, and comprehensive understanding of organizational capabilities required for 
effective DT implementation and use.

CompB is a boutique firm based in Canada, specializing in Digital Twin as a Service 
(DTaaS) and recognized for its innovative approach to delivering DT solutions. The company 
employs approximately 70 professionals and integrates diverse technological services to 
transform organizational operating models through highly tailored DTs. Its strategic focus 
centers on fostering agility, innovation, and data-driven decision making. The firm 
collaborates closely with client organizations to articulate and realize their digital ambitions, 
developing roadmaps for both value strategy and technical implementation. The key 
informant interviewed was the co-founder and chief growth officer, whose strategic 
leadership role and direct involvement in client engagement across multiple sectors provided 
valuable insights. The informant was selected due to a deep understanding of the technical, 
strategic, and organizational capabilities required for DT development and their alignment 
with broader goals such as DSI.

Data were primarily collected through semi-structured interviews supplemented by 
secondary sources, including internal company documentation, presentations provided by 
the interviewees, and publicly available material from organizational websites. Interviewees’ 
experience, their central roles and comprehensive knowledge of both technical and 
organizational dimensions enabled the collection of rich and detailed data directly relevant 
to the study's objectives. Interviews took place in March and April 2024 via video conferencing 
platforms, each lasting between 60 and 90 minutes. An interview guide (see Appendix A) was 
developed to maintain consistency across cases while allowing flexibility to explore emergent 
themes (Myers & Newman, 2007).The interviews addressed five areas: 1) capabilities 
required to develop and exploit DTs, 2) capabilities achieved through DTs, 3) the role of DTs 
in deploying DSI, 4) organizational culture, and 5) DT implementation goals. After covering 
the first two areas, the researchers presented the capability tables (Tables 1–6) and initial 
versions of capability interrelationship frameworks (Figures 1 and 2) which were developed 
by the authors through a combination of literature review and the authors’ interpretive 
analysis of existing research. Participants were invited to validate these findings and 
contribute additional insights. After incorporating their inputs, the interrelationship figure 
was sent back to the interviewees via email for final feedback to ensure accuracy and 
completeness. All interviews were video-recorded with the consent of the participants and 
transcribed verbatim for analysis.

A systematic analytical strategy was employed, integrating both within-case and cross-
case analysis techniques (Eisenhardt, 1989). In the first phase the transcribed interview data 
were analyzed on a case-by-case basis to construct a detailed understanding of DT and DSI 
capabilities within each organizational context. This was followed by a cross-case analysis 
aimed at identifying shared patterns, divergences, and overarching themes across the two 
cases. 

The qualitative data analysis followed an iterative coding process. Initial coding drew 
upon the capability sets identified from the literature while remaining open to new insights 
through inductive open coding. These initial codes were then refined through axial coding, 
which facilitated the clustering of themes into broader categories relevant to the study’s focus 
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on capabilities (Corbin & Strauss, 2015). This approach enabled a structured yet flexible 
examination of both theoretically grounded and emergent capabilities. To strengthen the 
validity and reliability of the findings, two strategies were employed. Triangulation was 
achieved by incorporating the previously mentioned secondary data to corroborate and 
contextualize the interview data (Denzin, 1978). Additionally, reflexivity was maintained 
throughout the research process. The researchers engaged in continuous critical reflection on 
their assumptions, interpretations, and potential biases to ensure a more objective and 
nuanced analysis (Finlay, 2002).

4. Findings and analysis 
This section presents the findings and analysis of the empirical data structured to address the 
two research questions guiding this study. The first subsection validates the DT capabilities 
identified from the literature and introduces any new capabilities emerging from the cases. 
The subsequent subsection explores the role of these DT capabilities in enabling DSI, 
specifically examining the alignment between DT capabilities and the requirements for 
successful DSI, as well as the way in which organizations leverage DT capabilities to facilitate 
DSI deployment. 

4.1 Empirical validation and extension of Digital Twin capabilities
The analysis of CompA and CompB provided robust validation of the technical Digital Twin 
(DT) capabilities identified in the literature, as summarized in Table 7. Both organizations 
validated Data Management and Analytics as a foundational technical DT capability, 
particularly emphasizing robust IT infrastructure and metadata management to address 
complex and large-scale data requirements. Integration of Heterogeneous Systems and 
Technologies was similarly affirmed, with both organizations highlighting the necessity of 
comprehensive technical stacks capable of aggregating diverse data sources tailored to 
specific business objectives. Modeling received partial validation; CompA supplemented this 
capability through the identification of two additional capabilities, namely Knowledge Graphs 
and Ontology Management. CompB notably pointed out the necessity of tailored AI and 
Machine Learning models to effectively operationalize DTs in various use cases. Simulation 
Ability was jointly validated, reflecting the strategic utilization of DTs for scenario analysis. 
While CompB explicitly validated Cybersecurity & Data Privacy as critical, particularly 
regarding the secure integration of external data, CompA did not initially include this 
capability; however, its importance was subsequently acknowledged following the 
interviewee’s review of Figure 1. Furthermore, Data Interoperability and Digital Platforms was 
recognized as crucial: CompA highlighted interoperability standards, whereas CompB 
emphasized data governance to facilitate external data integration.

Both organizations confirmed significant technical capabilities achieved through DT 
use, notably Operational Optimization, Predictive Analysis, Scenario Analysis for Decision 
Making, and Data Interoperability. Operational Optimization was explained differently, with 
CompA providing examples of DTs enabling optimized operations in complex environments 
(e.g., real-time adjustments in complex water systems), whereas CompB contextualized it as 
part of a broader evolution from initial cost reduction toward sustained efficiency 
improvements. Predictive and Scenario Analyses were similarly validated, with both 
organizations recognizing the integration of AI-driven foresight into DTs and the ability to test 
scenarios and decisions before implementation as central benefits. However, perspectives 
diverged regarding Real-time Monitoring and Control: CompA strongly supported this 
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capability, reflecting its operational focus, while CompB provided only partial support, noting 
the potential of DTs primarily for decision support and simulation scenarios rather than for 
explicit real-time applications. This divergence suggests varying organizational priorities: 
CompA’s emphasis on immediate operational outcomes aligns with the nature of its clients, 
whereas CompB focuses more on a strategic planning orientation.

------ Insert Table 7  here ------

In the sphere of technical DT capabilities, each case contributes distinctively to the 
identification of novel capabilities (Table 8), clearly reflecting their organizational context and 
strategic focus. CompA introduced the capabilities of Knowledge Graphs and Ontology 
Management. Knowledge Graphs was highlighted as an essential capability for effectively 
modeling complex relationships, while Ontology Management was identified as vital for 
ensuring data consistency and interoperability. These capabilities are particularly relevant 
given CompA’s involvement in large-scale engineering projects, where managing multi-
dimensional and domain-specific information is critical. In contrast, CompB highlighted Edge 
Computing and Advanced Visualization (e.g., AR/VR). Edge Computing emerged as significant 
for addressing challenges associated with large-scale data processing, enhancing real-time 
analytics, and reducing latency. Advanced Visualization emerged as a distinct capability, 
referring to the ability of organizations to adopt and effectively utilize technologies such as 
Augmented Reality (AR), Virtual Reality (VR), and tools like HoloLens. This capability was 
recognized for its potential to enhance user experience, support intuitive data exploration, 
and improve training as well as decision-related processes in DT applications. The 
identification of these new capabilities aligns with CompB’s position as a boutique Digital 
Twin-as-a-Service provider, where scalability, real-time responsiveness, and user engagement 
are central to delivering adaptable and client-oriented solutions.

------ Insert Table 8  here ------

Non-technical DT capabilities were consistently validated across cases, as indicated in 
Table 9. Strategic Alignment and Complexity Management were crucial for both 
organizations, though articulated differently. CompA discussed the importance of enterprise 
architecture integration to connect DT initiatives with broader organizational objectives and 
value chains, whereas CompB associated these capabilities with the necessity of leadership 
vision and organizational maturity to drive digital transformations such as DT development. 
Effective Collaboration emerged as critical, with both cases emphasizing Stakeholder 
Management as essential for aligning technical initiatives with business ambitions, thereby 
requiring iterative change management to ensure successful adoption. Indeed, insufficient 
collaboration was identified as a common reason for the failure of many DT initiatives. 
Organizational Learning and Adaptation was highlighted through the importance of 
understanding internal barriers, organizational culture, and cross-departmental collaboration 
before implementing technical solutions. CompA introduced the concept of a DT maturity 
matrix as a means of guiding organizations through the technological and business 
transformation processes necessary for developing and utilizing a DT. The capability of 
Building and Maintaining Trust was partially validated by both organizations. The interviewee 
from CompA described efforts to address internal resistance by educating teams and 
demonstrating the advantages of DTs through tangible examples. In contrast, CompB linked 

Page 44 of 87Journal of Enterprise Information Management

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Journal of Enterprise Inform
ation M

anagem
ent

this capability closely with Governance, emphasizing trust-building as crucial due to the 
potential of DTs to enable secure and relevant data sharing. These differences reflect 
variations in organizational scale and project complexity. CompA’s emphasis on internal 
education and stakeholder engagement underscores the importance of managing resistance 
and aligning interests within large, complex engineering environments. Conversely, CompB’s 
focus on governance and secure data sharing likely stems from its frequent collaborations 
with diverse clients who rely on external data sources across distributed ecosystems.

Both companies validated the critical role of Strategic Decision Making Support 
enabled by DT use. CompA recognized the potential of DTs to facilitate scenario-based 
analyses that explore various options and optimize decision-making processes, whereas 
CompB emphasized their ability to enhance transparency and visibility into operations. 
Likewise, improved Collaboration Across Departments and Ecosystem was consistently 
recognized, emphasizing the role of DTs in reducing organizational silos and enhancing cross-
organizational communication. Optimization of Design and Development Processes was fully 
supported by CompA, highlighting the benefits of virtual scenario testing, while CompB’s 
validation was partial, primarily addressing operational automation without explicit 
connections to design processes. Similarly, Educational and Training Applications were 
strongly confirmed by CompA, which emphasized DTs as tools for organizational knowledge 
transfer and workforce upskilling. This capability was not supported by CompB, possibly 
indicating this is not a primary area of focus in their projects, where formal training 
mechanisms may be less prominent. Regarding the Customer-Centric Approach, CompA 
provided partial validation, primarily within the context of servitization strategies, viewing 
DTs as aids in transitioning to servitization and enhancing customer value through tailored 
services. In contrast, CompB placed stronger emphasis on the role of DTs to better serve 
customers by providing operational transparency. This aligns with their observation that the 
market is increasingly leveraging DTs to innovate and enhance customer satisfaction. Finally, 
Sustainable Practices and Waste Reduction received partial and no validation, respectively. 
CompB touched on sustainable practices and waste reduction indirectly by discussing cost 
reduction and operational efficiencies but did not explicitly link these to sustainability goals. 
CompA, although not initially mentioning these capabilities in response to the first block of 
questions, later supported them during discussions of the non-technical capability 
interrelationship model (Figure 2).

------ Insert Table 9  here ------

In terms of additional non-technical DT capabilities, both organizations agreed on the 
importance of Bridging Technical and Business Domains. CompA described this capability as 
essential for aligning technical DT capabilities with strategic business goals, ensuring that 
projects involving DTs deliver meaningful value. CompB focused on the formation of 
multidisciplinary teams capable of effectively communicating and integrating expertise from 
both domains to ensure that DT solutions align with business objectives and deliver 
measurable outcomes. Change Management and Overcoming Organizational Resistance also 
emerged as critical capabilities in both cases, reflecting the importance of managing cultural 
and operational shifts through stakeholder involvement and gradual implementation 
strategies. Distinctively, CompA introduced the importance of integrating Domain Knowledge 
to ensure DT relevance, illustrating the critical role of specialized industry expertise in large-
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scale, sector-specific DT projects, where accurate contextualization of DT solutions is 
essential. CompB underlined Skill Development and Talent Management, advocating 
investment in training to build balanced technical and business expertise. Finally, Resource 
Liquification was uniquely identified by CompB as a non-technical capability, referring to the 
enhanced mobility and accessibility of information and services enabled by DT platforms. This 
capability supports greater agility and responsiveness in DSI, particularly in environments 
requiring dynamic resource allocation and real-time adaptability. The capabilities emerging 
from the cases are presented in Table 10.

------ Insert Table 10  here ------

4.2 Understanding the role of DTs in DSI deployment
4.2.1 The extent to which DT capabilities align with those required for DSI deployment

Case CompA: Consulting Engineering Firm (Digital Twin consultancy department)
The interviewee from CompA validated several technical DT capabilities identified from the 
literature as crucial for enabling DSI. Specifically, Data Management and Analytics, Integration 
of Heterogeneous Systems and Technologies, Interoperability, Advanced Visualization, and 
Cybersecurity were confirmed as technical DT capabilities required for developing and 
exploiting DTs, which are also essential for DSI, as presented in the initial conceptual 
framework (Figure 1). Additionally, the interviewee highlighted two supplementary technical 
DT capabilities enabled through DT use, Scenario Analysis and Predictive Analysis, as 
significantly overlapping with technical DSI capabilities.

Scenario Analysis, in particular, was recognized for its potential to facilitate service-oriented 
innovation, as it allows organizations to digitally explore multiple scenarios, thereby reducing 
costs and enhancing the efficiency of new service development:

“In the design phase, digital twins allow companies to explore all kinds of scenarios and 
options, helping to create smarter and more optimized services” 

 “…you can also use digital twins to explore all kinds of options digitally… that is not as 
expensive as if you start trying to engineer and build it”

Predictive Analysis was also identified as transformative for enabling innovative services, 
particularly those related to predictive maintenance:

“With AI and machine learning models in digital twins, you can develop better data-driven 
models and offer better services around predictive maintenance, especially in complex 
environments…”

From a non-technical perspective, CompA’s interviewee affirmed that a set of the DT 
capabilities outlined in the literature overlapped significantly with capabilities necessary for 
DSI. Specifically, Strategic Alignment and Complexity Management, Effective Communication 
and Collaboration, Organizational Learning and Adaptation, and a Customer-Centric 
Approach were validated as essential capabilities for DSI. Furthermore, three of the newly 
identified capabilities. Bridging Technical and Business Domains and Domain Knowledge 
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emerged as critical for aligning DT capabilities with DSI objectives. The interviewee 
emphasized the necessity of integrating business understanding and context-specific 
knowledge to enhance services through DT initiatives:

"…(to offer services)..you want to understand the value chain of the company, the business 
capabilities, not just the capabilities to build digital twins…understand the ecosystem done by 
enterprise architecture, to identify what exists and what needs to be connected."

Finally, case CompA explicitly linked Change Management to DSI; specifically, overcoming 
organizational resistance was discussed:

" (about how to promote service innovation through Digital twins)…Maybe that's also an idea 
to do it, to say, yeah, evangelize based on use cases and services internally and  externally."

Case CompB: : Digital Twin as a Service (DTaaS) provider
The interviewee from CompB validated several technical DT capabilities identified in the 
literature as crucial for enabling DSI, including Data Management and Analytics, 
Cybersecurity, Interoperability, and Integration of Heterogeneous Systems and Technologies. 
These capabilities were considered fundamental in supporting service-oriented business 
transformations. Additionally, the interviewee introduced and identified four further 
technical DT capabilities as significant for enabling DSI. These include two newly identified 
capabilities, Edge Computing and Advanced Visualization, and two capabilities - Predictive 
Analytics and Scenario Analysis - that were previously classified within DT capabilities but 
were not integrated into the initial framework (Figure 1) as technical DSI capabilities. Among 
these newly recognized capabilities, some were particularly reinforced during the interview.

Edge Computing was particularly emphasized as essential in scenarios requiring immediate 
data handling and rapid decision-making:

“The more data you take on, the more complex the infrastructure management becomes… it 
takes quite a bit of time to understand the needs, the capacity… that's when we start talking 
about edge computing...to process massive amounts of data.”

Advanced Visualization was also highlighted as transformative, with its potential to enhance 
user experience and enable interactive, customer-oriented services:

“What we call the visualization layer... visualization, it could be anything from 3D 
visualization, AR, VR (HoloLenses)… can enhance the user experience, creating opportunities 
for tailored and interactive services.”

Similarly, Predictive Analytics and Scenario Analysis were identified as integral capabilities for 
driving innovation in digital services:

“…the what-if scenarios analysis are quite connected (with innovation)… some organizations 
use them for the design of new products and services.”
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From a non-technical perspective, the interviewee validated several capabilities from the 
initial framework (Figure 2) as essential enablers of DSI. These included Strategic Alignment 
and Complexity Management, Organizational Learning and Adaptation, Effective 
Communication and Collaboration, and Customer-Centricity. In addition, the interviewee 
contributed to the initial framework by identifying four additional non-technical capabilities -
Bridging Technical and Business Domains, Skill Development, Resource Liquification, and 
Change Management - as critical for supporting DSI initiatives.

In relation to Strategic Alignment and Complexity Management, the interviewee underscored 
the importance of aligning DT initiatives with strategic objectives, ensuring a comprehensive 
understanding of organizational processes and their interdependencies:

“We start with conversations about business strategy, objectives, and challenges… This top-
to-bottom approach helps create the foundation for digital twins to deliver the business 
outcomes needed.”

The ability to bridge technical and business domains was also strongly emphasized as 
a key enabler of DSI. According to the interviewee, aligning these domains facilitates the 
development of services that meet both operational and strategic needs:

“You have to have a business understanding alongside technical knowledge. Digital twin 
projects focus on a multidisciplinary team… bringing these two worlds together to create 
innovative business outcomes.”

Cross-case analysis
The cross-case analysis revealed a high degree of alignment between the two cases regarding 
the extent to which DT capabilities overlap with those required for DSI (Figures 3 and 4). Both 
CompA and CompB identified several key technical capabilities as essential for DSI, including 
Data Management and Analytics, Cybersecurity, Interoperability, and Integration of 
Heterogeneous Systems. These capabilities constitute the foundational technical 
infrastructure necessary for the effective deployment of innovative digital services, as initially 
outlined in the literature. Additionally, both organizations expanded upon the initial model 
by emphasizing the critical role of two DT-enabled capabilities - Scenario Analysis and 
Predictive Analytics - in supporting DSI. Furthermore, both cases introduced the newly 
identified capability of Advanced Visualization, which was viewed as instrumental in 
enhancing user experience, enabling interactive scenario exploration, and supporting 
innovative service offerings. CompB uniquely stressed the importance of Edge Computing in 
addressing real-time data processing challenges within dynamic environments.

The cross-case analysis revealed substantial alignment between both organizations around 
the extent to which DT capabilities overlap with those required for Digital Service Innovation 
(DSI). Key technical capabilities recognized by both CompA and CompB as essential for DSI 
include Data Management and Analytics, Cybersecurity, Interoperability, and Integration of 
Heterogeneous Systems.

The analysis also revealed convergence in relation to non-technical capabilities. Both CompA 
and CompB emphasized the importance of Strategic Alignment and Complexity Management, 
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recognizing these as fundamental to the successful DSI. Similarly, capabilities such as Effective 
Communication and Collaboration, Organizational Learning and Adaptation, and Customer-
Centricity were consistently recognized as overlapping capabilities between DT and DSI. In 
addition, newly identified non-technical DT capabilities such as Bridging Technical and 
Business Domains and Change Management  were reinforced across both cases as playing a 
critical role in enabling DSI. This alignment underscores the need for organizations to 
strategically connect DT-related competencies with business and innovation objectives to 
support effective DSI deployment.

The analysis also demonstrated convergence in relation to non-technical capabilities. Both 
CompA and CompB emphasized the importance of Strategic Alignment and Complexity 
Management, recognizing these as fundamental to the successful integration of DT initiatives 
within broader organizational strategies, including DSI. Similarly, capabilities such as Effective 
Communication and Collaboration, Organizational Learning and Adaptation, and Customer-
Centricity were consistently validated. In addition, newly identified non-technical DT 
capabilities such as Bridging Technical and Business Domains and Change Management were 
reinforced across both cases as having an important role for DSI as well. This alignment 
highlights the need for organizations to strategically connect DT-related competencies with 
business and innovation objectives in order to enable effective DSI deployment.

Nevertheless, the analysis revealed notable distinctions in the specific DT capabilities each 
organization associated most closely with DSI requirements. For example, CompA uniquely 
emphasized the integration of Domain Knowledge to tailor DT solutions to industry-specific 
contexts. This emphasis reflects CompA’s role as a consulting engineering firm engaged in 
large-scale infrastructure projects, where deep sectoral expertise is essential for ensuring that 
DT applications are relevant, accurate, and aligned with complex technical and regulatory 
environments. In contrast, CompB identified Skill Development, enabled through DT use, and 
Resource Liquification as distinctive non-technical capabilities supporting DSI. The focus on 
these capabilities reflects CompB’s need to navigate the dynamic ecosystems of their clients, 
often operating with partners across varied sectors and digital infrastructures. 

------ Insert Figure 3 and Figure 4 here ------

4.2.2 Leveraging DT capabilities for DSI deployment

Case CompA: Consulting Engineering Firm (Digital Twin consultancy department)
CompA’s interviewee provided valuable insights into how DT capabilities are actively 
leveraged in practice to support the deployment of DSI. The interviewee discussed the role of 
Change Management, particularly strategies for overcoming organizational resistance, as a 
DT capability that critically enable successful DSI. In Case A, a clear connection was made 
between DT capabilities related to knowledge management, domain expertise, and 
customer-centric approaches and their relevance in supporting servitization and knowledge-
based service offerings. These capabilities were recognized for enabling a shift from product-
based models to service-oriented ones, with DTs seen as key tools for capturing organizational 
expertise and facilitating this transition:
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“I'm convinced that with the help of digital twins, the servitization of products and selling 
services instead of hardware will enormously grow.”

“You can also use them (digital twins) to catch and capture the knowledge about all those 
assets, especially when you fill in or when you set up digital trends based on knowledge 
graphs…”

The interviewee further explained how DTs enable dynamic, real-time representations 
of physical systems, thereby enhancing the ability of firms to provide performance-based and 
innovation-driven services:

“[Talking about performance-based services] …You can do that much better if you have digital 
twins because then you have the physical dynamic representation of part of the company.”

In this context, DTs were identified as drivers of continuous improvement and 
optimization across operational and engineering processes, highlighting their transformative 
potential for traditional service delivery:

“Most of the time, you improve operational or engineering processes and use digital twins to 
optimize, improve, and do smarter optimization of operational processes … Can we call that 
innovation? Maybe we can.”

These findings highlight the active role of DT capabilities in facilitating not only the 
initial deployment but also the ongoing evolution of innovative digital services.

Case CompB: : Digital Twin as a Service (DTaaS) provider
CompB’s interviewee and secondary data provided insights into how DT capabilities are 
actively leveraged to support the deployment of DSI. Effective Change Management was 
highlighted as a crucial capability, particularly in facilitating successful DT adoption and 
sustained innovation. The interviewee advocated for iterative implementation strategies to 
enhance organizational acceptance and alignment with evolving service goals:

“You don’t overwhelm the organization with automation; you do it in small pieces to increase 
adoption… This approach helps align digital twin capabilities with evolving service goals.”

Skill Development also emerged as a key enabler of DSI, emphasizing the critical role 
of DTs in supporting training and developing operational and business understanding of 
assets. This capability was seen as essential for equipping teams with the expertise needed to 
effectively apply DTs in innovative digital service offerings:

“This takes a lot of time from a business to train people and provide the right understanding… 
but these skills are essential for creating solutions that connect data, processes, and business 
insights.”

Resource Liquification was uniquely emphasized, highlighting the potential of DTs to 
enable dynamic utilization of internal and external resources. This capability supports 
innovative forms of collaboration across organizational ecosystems:
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“When you negotiate governance methods to acquire external data, it provides a huge 
business advantage… Digital twins help simulate scenarios and understand impacts, enabling 
better collaboration and innovative solutions.”

In addition to the interview findings, secondary sources reinforced CompB’s 
perspective of DTs as orchestrators that support enhanced decision making, resource 
optimization, and the development of innovative value propositions. The strategic vision of 
CompB positions DTs as integrative frameworks that bridge technical and business domains, 
enabling service innovation, operational excellence, and the creation of new service models, 
such as data monetization:

“We are helping [customers] leverage their own data to create new revenue streams... helping 
them package and sell their existing technology … now I see new needs come up with 
customers such as data monetization… this is a new service that never existed before.”

In conclusion, CompB regards DT capabilities not merely as technical tools, but as 
strategic enablers that bring together diverse competencies to support DSI. In this view, DTs 
are instrumental in generating new value through service innovation, bridging internal silos, 
and fostering agile responsiveness within evolving digital ecosystems. As the interviewee 
summarized:

“Digital twins allow different types of services to play a part at the same time... they bring 
these two worlds [physical and digital] together and enable organizations to speak the same 
language.”

This perspective also reflects the integration of knowledge across organizational 
boundaries, whereby companies use digital twins as shared models to integrate data and 
simulate common and interconnected activities.

Cross-case analysis
Both organizations demonstrated how DT capabilities are leveraged to facilitate and 
accelerate the deployment of DSI, though they emphasized distinct strategic orientations and 
responded to different market-driven considerations.

CompA primarily leveraged DT capabilities to support its clients’ transition toward 
servitization, transforming traditional product-based offerings into innovative, service-
oriented business models. DT-enabled capabilities such as Scenario Analysis and Predictive 
Analytics were specifically recognized as means to test, optimize, and improve new services 
in virtual environments, thereby reducing costs and associated risks. In addition, CompA 
highlighted the use of DTs for capturing and sharing critical organizational knowledge, as well 
as supporting educational and training applications aimed at workforce upskilling and 
continuous adaptation, which are key enablers of effective DSI.

In contrast, CompB emphasized leveraging DT capabilities around value creation and 
orchestration. The company identified the capability of Resource Liquification, which allows 
enhanced mobility and accessibility of data and services across platforms, as pivotal in 
enabling highly responsive and flexible service innovation. CompB also illustrated how 
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capabilities such as Advanced Visualization and Edge Computing are applied to create tailored 
digital services that support real-time decision-making and strengthen customer 
engagement. Notably, CompB’s strategic use of DTs to facilitate new services for their clients, 
such as data monetization and productization, exemplifies how DT capabilities can support 
the development of novel business models and revenue streams.

Overall, this cross-case analysis illustrates that, while both cases explain how DT 
capabilities support DSI, their distinct industry contexts shape the specific manner in which 
these capabilities are employed by their clients to facilitate DSI.

5.- Contributions and Implications
5.1 Theoretical contributions
This study advances the literature on service innovation and DT by illuminating how DT 
capabilities can serve as strategic enablers of DSI. Existing research in DT has predominantly 
focused on the technical aspects of DTs (e.g., Kritzinger et al., 2018; Fuller et al., 2020) but 
has rarely integrated the service innovation perspective to explore their broader impact on 
DSI. By contrast, this study systematically maps DT capabilities, both those required to 
develop and exploit DTs and those achieved through DT use, against essential capabilities for 
DSI (Figures 3 and 4), demonstrating concrete overlaps and synergies between these domains.

First, the study identifies a set of novel DT capabilities emerging from the empirical 
analysis that had not been previously recognized. These include the technical capabilities of 
Knowledge Graphs, Ontology Management, Edge Computing, and Advanced Visualization, as 
well as the non-technical capabilities of Change Management, Bridging Technical and 
Business Domains, Domain Knowledge, Skill Development, and Resource Liquification. These 
newly identified technical DT capabilities enable more sophisticated DT functionalities, such 
as real-time data processing and immersive user experiences, while non-technical capabilities 
extend beyond the traditional engineering focus of DT by enhancing organizational functions 
such as knowledge sharing, strategic alignment, and agile resource deployment. These 
functions influence service innovation by fostering greater agility, co-creation, and user-
centric design (Lusch & Nambisan, 2015; Vargo et al., 2024). Furthermore, these results 
extend existing discussions on the transformative potential of DTs (Fukawa & Rindfleisch, 
2024; Galera-Zarco, 2024), underscoring that their value is not limited to operational 
optimization alone but also encompasses broader innovation and service ecosystems. 
Additionally, these findings emphasize the importance of organizational and strategic 
capabilities in digital transformation and service innovation contexts, and expand upon 
previous studies in this area (Kohtamäki et al., 2020; Rabetino et al., 2024).

Second, the integration of DT capabilities with DSI frameworks constitutes an 
important theoretical contribution. Findings demonstrate that many DT capabilities, both 
technical (Data Management and Analytics, Cybersecurity, Interoperability, Integration of 
Heterogeneous Systems, Scenario Analysis, Predictive Analysis, Edge Computing, and 
Advanced Visualization) and non-technical (Strategic Alignment and Complexity 
Management, Domain Knowledge, Change Management, Organizational Learning and 
Adaptation, Bridging Technical and Business Domains, Effective Communication, Customer-
Centricity, Skill Development, and Resource Liquification) overlap significantly with those 
required for DSI. This convergence supports a synergistic pathway through which DTs act as 

Page 52 of 87Journal of Enterprise Information Management

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Journal of Enterprise Inform
ation M

anagem
ent

catalysts for DSI, aligning technical infrastructure with organizational and strategic 
imperatives. In this vein, these results underscore the importance of aligning technological 
initiatives with business objectives in a continuous process of learning and alignment 
(Coreynen et al., 2024), driving a culture receptive to innovation, resonating with previous 
studies (e.g., Barrett et al., 2015; Opazo-Basáez et al., 2022 - 3).

Third, comparative insights from CompA and CompB illuminate how organizations 
leverage DT capabilities to drive DSI in distinct ways. For CompA, DT capabilities (e.g., Scenario 
Analysis, Predictive Analytics, and Domain Knowledge) serve as conduits for servitization and 
deeper asset knowledge, aligning with literature emphasizing domain-specific expertise in 
advanced service offerings (Story et al., 2017). Conversely, CompB recognizes DT capabilities 
such as Edge Computing, Advanced Visualization, Skill Development, and Resource 
Liquification as critical for value co-creation (Vargo et al., 2024), enabling agile, data-driven 
collaboration with clients and partners across diverse ecosystems (Bustinza et al., 2024). 
Collectively, these findings enhance theoretical understanding of how DTs can function as 
strategic platforms for DSI, enabling servitization pathways, bridging organizational silos, and 
facilitating new service models.

Finally, by incorporating the Digital Servitization Pathway (DSP) perspective outlined 
by Vendrell-Herrero et al. (2024), this study further emphasizes that DT-enabled digital 
transformation acts as a precursor to advanced service innovation. Accordingly, the 
integrative framework presented in Figures 3 and 4 provides a structured foundation for 
understanding how DT capabilities facilitate DSI by supporting both the technological and 
organizational transformations necessary for successful digital servitization. Taken together, 
these contributions enrich theoretical discourse on digital transformation and service 
innovation, demonstrating that DT capabilities can evolve from isolated technical tools into 
strategic enablers of innovation.

5.2 Managerial contributions
This research offers several practical implications for organizations involved in developing DTs 
as well as those seeking to deploy DSI. Primarily, the identification and validation of both 
established and newly emerged DT capabilities across technical and non-technical dimensions 
offer a comprehensive framework that can guide strategic investments in DT initiatives.

Organizations should adopt a dual-focused approach when investing in DT capabilities. 
On the technical side, developing robust DT infrastructures able to support advanced digital 
services. Concurrently, building organizational readiness through effective change 
management, multidisciplinary collaboration, and continuous skill development is equally 
important. Aligning technical expertise with business strategy is essential to ensure that DT 
initiatives are embedded within broader organizational objectives and contribute effectively 
to service innovation. To this end, organizations should develop multidisciplinary teams that 
combine technological proficiency with business insight, enabling DT projects to generate 
concrete value and advance strategic priorities. Such integration supports the translation of 
technological potential into service innovations that respond to customer needs and reinforce 
competitive positioning.
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Moreover, the integration and overlap of DT capabilities with DSI requirements 
underscore the existence of strategic pathways for achieving DSI through DTs. First, DTs can 
facilitate digital servitization by enhancing asset knowledge and enabling virtual scenario 
simulations and predictive maintenance, thereby reducing associated risks and costs, as 
evidenced in the findings from CompA. Second, DTs can promote value co-creation through 
capabilities such as resource liquification, adaptive collaboration, and real-time decision 
support, as demonstrated by CompB. This dual-pathway perspective provides organizations 
with a structured approach to transitioning from traditional product-centric models toward 
innovative, service-oriented solutions.

Lastly, prioritizing data governance and cybersecurity is imperative. Given the 
substantial volumes of sensitive data managed by DTs, establishing robust data governance 
frameworks and implementing stringent cybersecurity measures not only mitigate potential 
risks but also enhance stakeholder trust, thereby supporting sustainable DSI deployment. 
Proactively investing in these technical and organizational capabilities positions organizations 
to leverage digital assets effectively, respond adaptively to evolving market conditions, and 
secure sustained competitive advantage within the digital economy.

6. Limitations
While this study offers valuable insights into the role of DT capabilities in enabling DSI, several 
limitations must be acknowledged. First, the empirical analysis is confined to two specific 
organizational contexts: a consulting engineering firm and a Digital Twin as a Service (DTaaS) 
provider. This sectoral focus may limit the broader applicability of the findings, particularly to 
organizations operating in industries with distinct technological infrastructures, business 
models, or regulatory environments. However, it is worth noting that both companies work 
across a range of client sectors, and the insights presented reflect a cross-industry perspective 
derived from their cumulative experience.

Additionally, although the multiple-case design supports in-depth analysis and 
comparison, the limited number of cases restricts the extent to which conclusions can be 
generalized. This is particularly relevant in relation to the empirical validation of capabilities, 
the identification of emergent ones, and the proposed pathways linking DT use to DSI. 
Broader studies including a more diverse range of organizations may reveal additional 
dynamics not captured here.

Second, data collection relied on a single informant per case. While both individuals 
held senior roles with extensive visibility over DT-related initiatives and strategic 
developments, their views inevitably represent individual interpretations. This approach may 
constrain the depth and diversity of perspectives captured, particularly concerning internal 
processes and organizational culture.

Finally, the qualitative nature of the study, although well-suited to uncovering 
complex interrelationships and context-specific mechanisms, does not allow for the 
quantification of causal effects between DT capabilities and DSI outcomes. The research 
offers detailed conceptual insights but does not empirically assess the magnitude or statistical 
significance of the identified capability linkages.

7. Conclusions and future research lines
This study has examined the role of DT capabilities in driving DSI within organizations. The 
findings reveal a significant overlap between DT capabilities and those required for DSI, thus 
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providing empirical support for the study’s first hypothesis. In addressing the alignment 
between DT capabilities and the needs for effective DSI deployment, the analysis 
demonstrates robust convergence across both capability sets. Technical and non-technical 
dimensions essential for DT development and exploitation, as well as capabilities enabled 
through DT use, substantially correspond to those necessary for deploying innovative digital 
services (Figures 3 and 4). This alignment indicates that investments in DT capabilities do not 
merely enhance digital infrastructures but also initiate a transition from conventional digital 
transformation toward more innovative, service-oriented business models. Consequently, 
DTs provide a natural bedrock for achieving DSI.

With respect to the second hypothesis - that organizations utilizing DTs are better 
positioned for successful DSI - the evidence from both cases confirms that leveraging DT-
enabled capabilities, such as scenario analysis, predictive analytics, and resource liquification, 
significantly enhances service design. Specifically, DTs reinforce strategic alignment by 
demanding coherence between DT initiatives and overarching business objectives, thus 
enabling effective complexity management. Additionally, through sophisticated data 
management, advanced analytical capabilities, and a customer-centric approach, DTs 
facilitate the delivery of personalized services. DT capabilities not only support the initial 
implementation of innovative digital services but also promote ongoing organizational 
learning and agile adaptation, thereby strengthening competitive positioning in dynamic 
digital ecosystems

Furthermore, in exploring how DT implementation and usage drive organizational 
readiness for DSI deployment, this study identifies critical enabling capabilities facilitated by 
DTs. On the technical side, DTs bolster digital agility by encouraging the adoption of advanced 
technological solutions and the integration of complex systems, which enhances data 
utilization, advanced visualization, and real-time decision making. From a non-technical 
perspective, DTs enable strategic alignment and effective complexity management, ensuring 
close integration between digital initiatives and business goals. Importantly, this research 
highlights two distinct pathways through which DT capabilities drive innovation in digital 
services: first, DTs facilitate digital servitization by enhancing knowledge of assets and client 
needs within their operational context.; second, DT capabilities enhance collaboration, 
interoperability, and resource liquification, resulting in superior and more effective value co-
creation processes. This dual-pathway perspective underscores the multifaceted potential of 
Digital Twins as strategic enablers of DSI.

Future research could broaden the understanding of Digital Twin (DT) capabilities and 
their role in Digital Service Innovation (DSI) by examining a larger and more varied sample of 
organizations from different industries. Expanding the empirical scope would enhance the 
generalizability of the findings and offer deeper insights into industry-specific dynamics 
influencing the relationship between DT adoption and DSI outcomes. Additionally, 
incorporating multiple informants representing diverse organizational roles could mitigate 
potential biases associated with single-informant data and provide richer, more nuanced 
perspectives on internal processes and capabilities. Quantitative studies would also 
contribute significantly by empirically validating the extent to which specific DT capabilities 
directly influence DSI performance. Such studies could quantify relationships identified 
qualitatively in this research, thereby strengthening the robustness of conclusions drawn 
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about capability impacts. Lastly, investigating manufacturing firms that are pursuing 
servitization strategies and also deploying DTs would be particularly valuable, as it could 
further illuminate the role of DTs as value orchestrators, enabling novel business models and 
fostering ecosystem-based collaboration.
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Items Reviewer 1’s comments Responses
1 The article needs to be adjusted in length as 

it goes far beyond the length recommended 
by the journal's guidelines for authors. 

Particularly section 4, in my opinion, is 
excessively long, repeating (albeit in an 
orderly fashion) all the analyses in both 
cases, making it unattractive and repetitive. 
Furthermore, the enormous wealth and 
insights gained by the analysis of the cases 
are not used to indicate the causes of the 
results.

The authors thank the feedback regarding the length of the submitted version. 

We have worked in reducing the total numbers of words from the previous
15,322 words to 11,193 words in the reviewed version. 

In particular, following the indications, we have refurbished completely section 4 
“Findings and Analysis” to avoid repetitive content and structure and focus on the 
insights gained from the individual case and cross-case analysis. We also reduced 
the number of tables in this section. Please, check section 4 in the new version of the 
manuscript. 

2 In the methodology, hardly any information 
is given about the interviewee. It is not clear 
that he/she has the right profile, especially 
in the case of company A where it is not 
justified how it is ensured that he/she has 
the required vision and experience. It would 
be good if some aspects of his profile could 
be indicated to show that he justifies his 
selection.

Many thanks for your insightful comments. Methodology section has been 
improved. In relation to interviewees selection, we added the following in section 3, 
p.11.

Regarding case CompA:
“The primary informant for this case was a Digital Twin consultant and Business & IT 
architect, selected due to extensive experience in managing DT-related projects 
across multiple industries, their involvement in strategic initiatives related to digital 
transformation, and comprehensive understanding of organizational capabilities 
required for effective DT implementation and use.”

Regarding case CompB:

“The key informant interviewed was the co-founder and chief growth officer, 
whose strategic leadership role and direct involvement in client engagement across 
multiple sectors provided valuable insights. The informant was selected due to a deep 
understanding of the technical, strategic, and organizational capabilities required for 
DT development and their alignment with broader goals such as DSI.”
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3 Finally, some formal issues: Typo in 
Appendix 4 in one of the interviewees' 
quotes: "...n ow I see new needs come up 
with customers such as data 
monetization…" ; in section 7, p. 27-28 
"addressing or first research" and  in section 
2.2.1  "The presence of strong leadership 
from executive teams is vital for the 
successful integration and utilization of DTs 
within an organization In line with (Negri et 
al., 2017; Martinez & Huss, 2022).
There are some words in bold.

Thank you for your detailed comments about formal issues. The new version has 
been carefully reviewed and professionally proofread to avoid typos and format 
issues.  

4 The other reviewer's suggestion to 
incorporate the place of insertion of tables 
and figures has been misinterpreted by the 
authors.

Many thanks for your very valid point. The issue with the suggestion on the place of 
insertion of tables and figures have been now correctly interpreted and amended. 
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Items Reviewer 2’s comments Responses
1 Section 1: Introduction

In the introduction section of the paper the 
writing style tends to be informal and lacks 
the depth and rigor expected in academic 
writing. The text sometimes uses 
conversational phrases and redundant 
statements that detract from the academic 
tone. To enhance the clarity and academic 
rigor, the introduction could benefit from a 
more structured and concise presentation of 
key concepts and research objectives. For 
instance, sentences could be more 
straightforward, avoiding overly complex 
structures that can obscure the main points. 
The use of passive voice could be 
minimized to create a more active and 
engaging narrative. Additionally, the 
integration of citations should be more 
precise and seamlessly woven into the text, 
providing clear support for each claim 
without interrupting the flow of the 
argument.

Recommendations:
Refine the Writing Style: Adopt a more 
formal and academic tone by eliminating 
conversational phrases and redundant 
statements. Ensure that each sentence 
contributes directly to advancing the 
argument or providing essential background 
information.
Enhance Clarity and Structure: Break down 
complex sentences into simpler, more 
digestible parts. Use clear and direct 
language to articulate the significance of 
DSI and DTs. Ensure that each paragraph 
transitions smoothly to the next, 
maintaining a logical flow of ideas.
Improve Citations and Integration: Integrate 

The authors thank the valuable comments given by the reviewer about the 
introduction section. This section has been completely refurbished following all 
your recommendations to provide a better logical flow of ideas and creating a more 
engaging narrative.

Also, authors improve integration of citations throughout the whole document. 

 Please, check the improved section 1 in the resubmitted version of the manuscript. 
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citations more naturally into the text. Ensure 
that each claim is directly supported by 
relevant literature, enhancing the credibility 
and scholarly tone of the introduction.

2 Section 2: Theoretical Framework
The theoretical framework attempts to 
establish a solid base, nontheless this 
section suffers from issues of coherence and 
organization, often presenting disordered 
ideas that can confuse the reader. The 
writing style remains inconsistent, 
oscillating between formal and informal 
tones, which further impacts the clarity and 
perceived rigor of the analysis. To address 
these issues, the theoretical framework 
should be reorganized to present a clear and 
logical progression of ideas. Start with a 
concise definition of key terms, followed by 
a structured exploration of their 
interrelationships and implications. Ensure 
that each subsection clearly addresses 
specific aspects of the theoretical 
foundation, using headings and subheadings 
effectively to guide the reader through the 
arguments.

Many thanks for your insightful comments about the section 2: Theoretical 
Background. Following the recommendations, authors have re-structure the section 
improving the writing style and enhancing clarity and rigor of our statements.

We particularly focus on providing clear definitions and explanations of key 
concepts. For instance, section 2.3 “Conceptualizing Digital Service Innovation and 
its enabling capabilities” includes now a contextualization and definition of Digital 
Service Innovation. Also, section 2.4 Research gap identification and conceptual 
framework development was thoroughly improved to highlighting gaps, and 
explaining how the current research addresses these gaps. 

We have also included new references to provide clear theoretical foundations. 

Please, check the new version of section 2 in the resubmitted manuscript. 
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Recommendations for Improvement:
Improve Coherence and Organization: 
Structure the section with clear headings 
and subheadings that delineate different 
aspects of the theoretical framework. Ensure 
each subsection logically follows from the 
previous one, building a coherent narrative 
that supports the research objectives.
Maintain a Formal Academic Tone: 
Consistently use formal academic language 
throughout the section. Avoid informal 
expressions and ensure that the writing style 
is appropriate for a scholarly audience.
Clarify and Deepen Analysis: Provide clear 
definitions and explanations of key 
concepts. Deepen the analysis by critically 
engaging with relevant literature, 
highlighting gaps, and explaining how the 
current research addresses these gaps. 
Ensure that all arguments are clearly 
supported by evidence from the literature.

3 Review of Section 3: Methodology
The methodology section covers the 
essential components required for a robust 
research methodology. Still, there are areas 
where the description could be expanded to 
enhance clarity and provide more detailed 
insights. This section should ensure that the 
reader understands the research design, 
procedures, and justifications for the chosen 
methods.
Recommendations for Improvement
Expand Data Collection Description: The 
methodology section should include a 
detailed account of the data collection 
procedures. This involves elaborating on the 
development and use of the semi-structured 
interview guide, specifying the number of 

Thank you for your considerable comments around the methodology section. This 
section has been re-written to clarify the research design and procedures, data 
collection and analytical techniques. 

In particular, regarding data collection, new section 3 state: 

“Data were primarily collected through semi-structured interviews supplemented by 
secondary sources, including internal company documentation, presentations 
provided by the interviewees, and publicly available material from organizational 
websites. Interviewees’ experience, their central roles and comprehensive 
knowledge of both technical and organizational dimensions enabled the collection 
of rich and detailed data directly relevant to the study's objectives. Interviews took 
place in March and April 2024 via video conferencing platforms, each lasting 
between 60 and 90 minutes. An interview guide (see Appendix A) was developed to 
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interviews conducted, their duration, and 
the process for selecting and recruiting 
participants.
Provide Justification for Case Selection: 
Include a detailed explanation of the criteria 
for case selection and how the selected 
organizations represent the broader 
population of firms using DT technologies. 
This can involve discussing the industry 
relevance, size, and technological 
engagement of the organizations.
Detail Analytical Techniques: Provide a 
thorough description of the analytical 
techniques used in both within-case and 
cross-case analyses. This should include 
how data were coded and categorized, the 
use of any qualitative data analysis 
software, and the specific steps taken to 
ensure the reliability and validity of the 
analysis.
Incorporate Methodological References: 
Strengthen the methodology section by 
referencing relevant methodological 
literature. This includes citing key texts on 
case study research, qualitative data 
analysis, and triangulation.

maintain consistency across cases while allowing flexibility to explore emergent 
themes (Myers & Newman, 2007).The interviews addressed five areas: 1) 
capabilities required to develop and exploit DTs, 2) capabilities achieved through 
DTs, 3) the role of DTs in deploying DSI, 4) organizational culture, and 5) DT 
implementation goals. After covering the first two areas, the researchers presented 
the capability tables (Tables 1–6) and initial versions of capability interrelationship 
frameworks (Figures 1 and 2) which were developed by the authors through a 
combination of literature review and the authors’ interpretive analysis of existing 
research. Participants were invited to validate these findings and contribute 
additional insights. After incorporating their inputs, the interrelationship figure was 
sent back to the interviewees via email for final feedback to ensure accuracy and 
completeness. All interviews were video-recorded with the consent of the 
participants and transcribed verbatim for analysis”

With respect to analytical techniques:

“A systematic analytical strategy was employed, integrating both within-case and 
cross-case analysis techniques (Eisenhardt, 1989). In the first phase the transcribed 
interview data were analyzed on a case-by-case basis to construct a detailed 
understanding of DT and DSI capabilities within each organizational context. This 
was followed by a cross-case analysis aimed at identifying shared patterns, 
divergences, and overarching themes across the two cases. 
The qualitative data analysis followed an iterative coding process. Initial coding 
drew upon the capability sets identified from the literature while remaining open to 
new insights through inductive open coding. These initial codes were then refined 
through axial coding, which facilitated the clustering of themes into broader 
categories relevant to the study’s focus on capabilities (Corbin & Strauss, 2015). 
This approach enabled a structured yet flexible examination of both theoretically 
grounded and emergent capabilities. To strengthen the validity and reliability of the 
findings, two strategies were employed. Triangulation was achieved by 
incorporating the previously mentioned secondary data to corroborate and 
contextualize the interview data (Denzin, 1978). Additionally, reflexivity was 
maintained throughout the research process. The researchers engaged in 
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continuous critical reflection on their assumptions, interpretations, and potential 
biases to ensure a more objective and nuanced analysis (Finlay, 2002).”

Finally, authors sstrengthen the methodology section by adding two new references 
relevant to our methodology :

Myers, M.D. and Newman, M., 2007. The qualitative interview in IS 
research: Examining the craft. Information and organization, 17(1), pp.2-26.

Corbin, J., & Strauss, A. 2015. Basics of qualitative research: Techniques 
and procedures for developing grounded theory (4th ed.). Newbury Park: Sage.

4  
Review of Section 4: Analysis and Results
The Analysis and Results section presents 
significant opportunities to be improved.
While the section provides detailed 
descriptions of the findings, it could benefit 
from deeper analytical insights. For 
instance, the discussion on how specific DT 
capabilities impact DSI could be expanded 
to include more critical analysis and 
interpretation of the data. Also, the section 
should more explicitly link the findings 
back to the research questions posed in the 
introduction. This would help in 
demonstrating how the results address the 
study's objectives and contribute to the 
existing literature. Final thing: 
Incorporating direct quotations from the 
interviewees could enrich the analysis by 
providing concrete examples and insights 
from the participants.

 

Thank you so much for your general recommendations to improve this section. We 
consider that these suggestions improve our results significatively. Authors have 
followed thoughtfully your advice to improve the structure, coherence and focus of 
the Findings and Analysis section. 

- The section is now more critical, linking results to the context of the cases
Authors explicitly linked findings back to the research questions by following a new 
structure that include subsection 4.2.1 The extent to which DT capabilities align with 
those required for DSI deployment, aligned with the first research question of the 
study and the subsection 4.2.2 Leveraging DT capabilities for DSI deployment, with 
a clear connection with the second research question of this study. 

Authors Incorporated direct quotations from the interviewees to enrich the analysis 
by providing concrete examples and insights from the participants. In the resubmitted 
version, section 4.2 Understanding the role of DTs in DSI deployment is filled with 
relevant quotations.

.  
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5 One last thing: I believe my comment on 
how to present the tables was 
misunderstood.

Thank you for your comment around how to present tables and figures in text. Now, 
this has been correctly understood and simply include – insert table/figure – between 
paragraphs.

 

6 A strong recommendation is the use of an 
academic proof-reader
.

Thank you so much for your general recommendations to improve the readability of 
the manuscript. This version has been professionally proofread to eliminate 
grammar issues and typos.
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Capability Description in the context of DT development and exploitation References

Data Management 
and Analytics

Efficient management of large volumes of data, including its collection, storage, processing, and 
analysis, to extract actionable insights. This includes implementing robust data governance practices to 
ensure data quality, accessibility, and compliance.

Agrawal et al. (2022); Tao et al. (2018b)

Integration of 
Heterogeneous 
Systems and 
Technologies

Integrating diverse technologies, such as AI, IoT devices, legacy systems, and external data sources, to 
ensure the DT accurately replicates its physical counterpart and maintains dynamic consistency with 
real-world processes.

Barricelli et al. (2019); Rosen et al. (2015)

Modeling Technological ability to model physical assets or processes using software tools that replicate the 
physical counterpart. This ensures accurate digital representations to serve as a foundation for 
simulations and analyses.

Schleich et al. (2017)

Simulation Abilities Use of advanced simulation technologies to run "what-if" scenarios and test changes or optimizations in 
the digital twin. This supports decision-making, risk management, and operational optimization without 
disrupting the physical counterpart.

Schleich et al. (2017); Barricelli et al. (2019)

Cybersecurity & Data 
Privacy

Implementing strong measures to safeguard sensitive data and critical operations associated with DTs. 
This ensures protection against cyber threats, preserves system integrity, and maintains the trust and 
reliability of DT operations.

Jones et al. (2020); Plummer et al. (2021); 
Agrawal et al. (2022)

Data Interoperability 
and 
Development/Use of 
Digital Platforms

Establishing seamless integration and communication within digital ecosystems, including compatibility 
with various data formats, protocols, and interfaces. This capability ensures robust data exchange and 
facilitates the creation and operation of interconnected digital platforms.

Agrawal et al. (2022); Barricelli et al. (2019); 
Plummer et al. (2021)

Table 1: Key technical capabilities for the development and exploitation of Digital Twins
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Capability Description in the context of DT development and exploitation References

Strategic Alignment 
and Complexity 
Management

Strong leadership ensures that DT initiatives align with broader business objectives, providing a strategic 
vision that guides technological investments toward tangible business outcomes. Leaders must manage 
the inherent complexity of DT projects, minimizing disruption during implementation while maximizing 
their contribution to organizational goals.

Negri et al. (2017); Martinez & Huss (2022); 
Plummer et al. (2021); Kritzinger et al. (2018)

Effective 
Communication 
and Collaboration / 
Stakeholder 
Management

Facilitating communication and collaboration across diverse departments, such as IT, operations, and 
engineering, is crucial for successful DT projects. Engaging diverse stakeholders to effectively ensure 
alignment of interests, knowledge sharing, and cooperation.

Uhlemann et al. (2017); Plummer et al. 
(2021); Tripathi et al. (2024)

Building and 
Maintaining Trust

Trust is fundamental for DT acceptance and effective use. This includes confidence in data integrity, 
system reliability, and overall DT performance. Stakeholder trust, particularly when sensitive data must 
be shared across domains, relies on transparency and reliability.

Broo et al. (2022); Tripathi et al. (2024); 
Plummer et al. (2021); Trauer et al. (2022)

Organizational 
Learning and 
Adaptation

Establishing a culture of continuous learning and adaptability enables organizations to effectively 
integrate emerging technologies and insights provided by DTs. This ensures businesses remain 
competitive and responsive to challenges and opportunities that arise during the lifecycle of DT 
development and exploitation.

Tao & Qi (2019)

Table 2: Key technical non-capabilities for the development and exploitation of Digital Twins
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Capability Description in the context of DT usage References

Real-Time 
Monitoring and 
Control

DTs provide immediate responses to system changes and anomalies through real-time, accurate 
representations of physical processes, enhancing decision-making speed and reliability.

Galera-Zarco (2022); Tao & Qi  (2019); 
Uhlemann et al. (2017)

Operational 
Optimization

DTs enhance operational efficiency by utilizing data-driven insights to reduce resource wastage and 
improve workflows, contributing to streamlined processes and environmental sustainability.

Galera-Zarco (2022); Uhlemann et al. (2017);

Predictive Analysis DTs leverage predictive analytics to analyze data trends and foresee potential outcomes, enabling 
organizations to anticipate issues, optimize processes, and reduce risks proactively.

Agrawal et al., 2022; Grieves, 2014

Scenario Analysis for 
Decision-Making

DTs enable organizations to simulate "what-if" scenarios, allowing them to predict outcomes, assess 
risks, and support strategic decision-making with a virtual representation of physical assets.

Schleich et al. (2017); Tao & Qi (2019)

Data Interoperability 
and 
Development/Use of 
Digital Platforms

DTs enable seamless data exchange and integration across diverse systems and platforms, supporting 
interconnected digital ecosystems for comprehensive and cohesive operational insights.

Agrawal et al. (2022); Uhlemann et al. (2017)

Table 3: Key technical capabilities achieved through Digital Twin usage
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Capability Description in the context of DT usage References

Strategic Decision-
Making Support

DTs enable organizations to test and predict outcomes without risking physical assets, fostering 
strategic decision-making by simulating scenarios and exploring various operational strategies.

Broo et al. (2022); Rosen et al. (2015);

Optimization of 
Design and 
Development 
Processes

DTs facilitate rapid prototyping and virtual testing, significantly reducing time-to-market and enhancing 
product quality, thereby optimizing the design and development of new products and systems.

Schleich et al. (2017) 

Sustainable Practices 
and Waste Reduction

DTs support sustainability by optimizing resource use, reducing waste, and promoting environmentally 
friendly processes through data-driven insights and simulations.

Galera-Zarco, (2022)

Educational and 
Training Applications

DTs provide realistic, risk-free environments for skills development and operational training, preparing a 
skilled workforce and enhancing readiness for industrial applications.

Beloglazov et al. (2020); Kang et al. (2016)

Collaboration Across 
Departments and 
Ecosystems

DTs drive collaboration by creating a unified platform for real-time information sharing across 
departments, such as R&D, operations, and supply chain, as well as across organizational ecosystems, 
enhancing cross-functional and external collaboration.

Tao et al. (2019); Uhlemann et al. (2017)

Customer-Centric 
Approach

DTs enable organizations to simulate customer experiences and create tailored solutions, fostering 
unique and effective interactions. By providing personalized services and engaging customer 
experiences, DTs enhance satisfaction and loyalty.

Barricelli et al. (2019); Broo et al. (2022); 
Galera-Zarco, (2024)

Table 4: Key non-technical capabilities achieved through Digital Twins usage
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Capability Description in the context of DSI References

Digital Agility The ability to adopt emerging technologies, adapt them to specific operational contexts, and leverage 
them to enhance service offerings and maintain competitiveness.

Barrett et al. (2015); Lehrer et al. (2018); 
Kohtamäki et al. (2020); Rabetino et al. (2024)

Technology 
Integration into 
Service Frameworks

Ensuring seamless integration of digital technologies into existing service frameworks to create efficient, 
comprehensive, and user-focused digital service systems.

Rabetino et al. (2024); Kohtamäki et al. (2019)

Data Management 
and Analytics

Managing and analyzing large data volumes to extract actionable insights, improve decision-making, and 
enhance service delivery, enabling service personalization and optimization.

Opazo-Basáez et al. (2022); Lehrer et al. 
(2018); Barrett et al. (2015); Raddats et al., 
(2022)

Integration of 
Heterogeneous 
Systems and 
Technologies

Incorporating diverse technological advancements such as IoT, AI, and big data analytics to enable and 
enhance service offerings across industries and operational contexts.

Rabetino et al. (2024); Kohtamäki et al. (2020) 
; Vendrell-Herrero et al. (2017)

Data Interoperability 
and 
Development/Use of 
Digital Platforms

Leveraging digital platforms to integrate various digital services and technologies, offering scalable and 
flexible solutions tailored to diverse customer needs.

Kohtamäki et al. (2022)

Cybersecurity & Data 
Privacy

The ability to safeguard digital services and customer data from cyber threats and unauthorized access, 
ensuring trust, compliance, and reliability in digital service offerings.

Lusch and Nambisan (2015); Kraus et al. 
(2021)

Table 5: Key technical capabilities for deploying Digital Service Innovation
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Capability Description in the context of DSI References

Organizational 
Learning and 
Adaptation

Continuous improvement and adaptation to technological advancements and changing market 
conditions for successful implementation of DSI, ensuring iterative learning and strategy adjustments for 
effective deployment of digital technologies.

Awad & Martin-Rojas (2024); Coreynen et al. 
(2024); Sjödin, et al., 2020 ; Nylén & 
Holmström (2015); Sjödin, et al. (2020)  

Effective 
Communication and 
Collaboration / 
Participation in 
Collaborative 
Ecosystems

Involvement in partnerships with firms, clients, and stakeholders to foster innovation and enable 
effective service offerings through collaboration within service ecosystems.

Serrano-Ruiz et al. (2024); Vargo et al. (2024)

Co-Creation Value 
Management

Accurate management of co-creation processes to drive innovation, enhance value, and leverage 
external resources within service ecosystems to create impactful service offerings.

Serrano-Ruiz et al. (2024); Vargo et al. (2024)

Strategic Alignment 
and Complexity 
Management

Ensuring alignment of digital initiatives with overall business strategies to support broader objectives, 
while managing the complexities inherent in DSI transformations, fostering strategic coherence across 
organizational levels.

Awad & Martin-Rojas (2024); Rabetino et al. 
(2024)

Resource 
Liquification

Removing barriers and enhancing resource mobility across digital platforms, enabling flexible and 
responsive DSI through the efficient flow of information and services.

Vargo et al. (2024)

Customer-Centric 
Approach

Focusing on understanding and meeting customer needs by designing personalized services that 
enhance experiences and satisfaction, leveraging customer data to inform service design and delivery.

Lehrer et al. (2018); Soto Setzke et al. (2023);

Table 6: Key non-technical capabilities for deploying Digital Service Innovation
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Technical DT Capability Stage CompA

Level of support from data analysis

CompB

Level of support from data analysis

Data Management and Analytics Develop and Exploit DTs Completely supported Completely supported

Integration of Heterogeneous 
Systems and Technologies

Develop and Exploit DTs Completely supported Completely supported

Modeling Develop and Exploit DTs Partly supported   *The interviewee related modeling capability with 
two new capabilities: Knowledge Graph and Ontology Management

Partly supported   *The interviewee related 
modeling with the ability to run AI within the models

Simulation Abilities Develop and Exploit DTs Completely supported Completely supported

Cybersecurity & Data Privacy Develop and Exploit DTs Not supported   *The interviewee validated this capability after 
showing results from literature review

Completely supported

Data Interoperability and 
Development/Use of Digital 
Platforms

Both Develop and Exploit 
DTs and Achieved through 
DTs

Completely supported Completely supported

Operational Optimization Achieved through DTs Completely supported Completely supported

Predictive Analysis Achieved through DTs Completely supported Completely supported

Scenario Analysis for Decision 
Making

Achieved through DTs Completely supported Completely supported

Real-Time Monitoring and 
Control

Achieved through DTs Completely supported Partly supported   *While the interviewee focuses on 
decision support and what-if scenarios, did not 
explicitly mention real-time monitoring and control

Table 7: Empirical validation of technical Digital Twin capabilities 
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NEW Technical DT 
Capability emerged from 
empirical data

Stage Description in the context of Digital 
Twins

Case Quotations 

Knowledge Graphs Develop and Exploit DTs The ability to design, implement, and 
utilize knowledge graphs to enhance 
data representation by modeling 
complex relationships and semantics. 
This enables more intelligent and 
flexible DTs.

CompA "If you want to set up digital twins you can do that based on 
knowledge graphs... the techniques to work with knowledge 
graphs have improved immensely, and you can do a lot based 
on graphs…"

Ontology Management Develop and Exploit DTs Developing and managing ontologies 
to ensure consistent data 
representation and interoperability 
within DTs. This includes defining 
common vocabularies, data models, 
and semantic frameworks for 
integration.

CompA " (About capabilities to develop a DT)… an important one is 
really coping with ontologies... it's a very important one, and I 
think we have developed how to cope with ontologies..."

Edge Computing Develop and Exploit DTs Processes data near its source (e.g., 
IoT devices), reducing latency and 
bandwidth usage.

CompB “So this is one of the most expensive and challenging parts in 
building a digital twin, because the more data you take on, the 
more complex the infrastructure management becomes... that's 
when we start talking about edge computing..."

Advanced Visualization Develop and Exploit DTs Utilization of 3D visualization, 
augmented reality (AR), virtual 
reality (VR), and devices like 
HoloLens to enhance data 
representation and user interaction 
in digital twins.

CompB “Then all the way to the top, what we call the visualization 
layer... visualization, it could be anything from 3D visualization, 
AR, VR... You can put, you know, HoloLenses; you can go as far 
as that…"

Table 8: New technical Digital Twin capabilities emerged from the cases
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Non-Technical DT Capability Stage CompA

Level of support from data analysis

CompB

Level of support from data analysis

Strategic Alignment and Complexity 
Management

Develop and Exploit DTs Completely Supported Completely Supported

Effective Communication and 
Collaboration / Stakeholder 
Management

Develop and Exploit DTs Completely Supported Completely Supported

Building and Maintaining Trust Develop and Exploit DTs Partially Supported   *The interviewee related Building and 
Maintaining Trust capability with a new capability: Change 
Management and Overcoming Organizational Resistance

Partly Supported   *The interviewee mostly linked 
Building Trust to Governance

Organizational Learning and 
Adaptation

Develop and Exploit DTs Completely Supported Completely Supported

Sustainable Practices and Waste 
Reduction

Achieved through DTs Not supported *The interviewee validated this capability after 
showing results from literature review

Partly Supported   *The interviewee mentions cost 
reduction and creating efficiencies but does not 
specifically discuss sustainability or waste reduction

Strategic Decision-Making Support Achieved through DTs Completely supported Completely Supported

Optimization of Design and 
Development Processes

Achieved through DTs Completely supported Partly Supported   *The interviewee discusses 
process automation and creating efficiencies, but 
does not specifically address optimization of design 
and development processes for new products or 
systems.

Educational and Operational Training Achieved through DTs Completely supported Not Supported   *The interviewee validated this 
capability after showing results from literature 
review

Collaboration Across Departments 
and Ecosystems

Achieved through DTs/ 
Develop and Exploit DTs

Completely supported Completely Supported

Customer-Centric Approach Achieved through DTs Partially Supported   *The interviewee linked customer-centric 
approach with servitization strategy

Completely supported

Table 9: Empirical validation of Non-technical Digital Twin capabilities 
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NEW Non-Technical DT 
Capability emerged from 
empirical data

Stage Description in the context of Digital 
Twins

Case Quotations 

Bridging Technical and 
Business Domains

Develop and Exploit DTs The ability to connect technical 
expertise with business objectives, 
ensuring that DT initiatives align with 
organizational goals and deliver 
tangible value. This involves 
translating technical possibilities into 
business strategies and integrating 
DT projects within the broader 
business context. It also involves 
multidisciplinary teams that can 
communicate effectively across 
technical and non-technical domains

CompA 
and 
CompB

CompA: " (in using successfully digital twins)…You need to 
understand the business capabilities, not the capabilities to 
build digital twins, but the business capabilities..."
"It's understanding that ecosystem done by enterprise 
architecture... then you can build on with your use cases..."

CompB: "Now, I've seen from my observations... when we close 
this gap between technical and non-technical... So what's 
beautiful about digital twins is that you won't be able to 
implement a successful digital twin if you don't close that gap. 
So you have to have, like we talked earlier, technical and non-
technical... you have to have a business understanding 
alongside a technical knowledge..."

Change Management and 
Overcoming 
Organizational Resistance

Develop and Exploit DTs Implementing effective change 
management strategies to address 
organizational resistance to new 
technologies like DTs. This involves 
engaging stakeholders, creating a 
culture open to innovation, and 
proactively addressing concerns and 
barriers to adoption.

CompA 
and 
CompB

CompA: "We have an internal challenge... our engineers are all 
very stubborn, and they want to do it the old-fashioned way... 
we have to evangelize... making glossaries about it and say why 
it's good and also to show projects where we've done it..."

CompB: " But also change management where you have to 
introduce changes according to the automation that you've 
achieved in iterations, so you don't overwhelm the organization 
with the amount of automation that you're producing..."

Domain Knowledge 
Integration

Develop and Exploit DTs The capability to integrate deep 
domain knowledge into DT projects 
to ensure relevance, effectiveness, 
and accuracy. This involves 
collaborating with domain experts 
and understanding industry-specific 
processes, regulations, and 
challenges.

CompA "A very important part of capabilities is that you have the 
domain knowledge of the use cases you are working on... you 
must understand how the processes of that industry are 
working... that is really domain knowledge."

Table 10 (continued)
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NEW Non-Technical DT 
Capability emerged from 
empirical data

Stage Description in the context of Digital 
Twins

Case Quotations 

Skill development and 
Talent Management

Develop and Exploit DTs Recognizing the need for developing 
skill sets that combine both technical 
and business expertise. Investing in 
training and talent development to 
build multidisciplinary teams capable 
of handling digital twin projects.

CompB “This takes a lot of time from my business to train people, even 
the most senior consultants, the most senior project managers, 
solution architects. It's a heavy, heavy investment in time and 
training to be able to help people understand both worlds... We 
need people who understand business and technical capabilities 
in organizations involved in digital twin projects..."

Resource Liquification Achieved through DTs It refers to the improved mobility 
and accessibility of resources, such as 
data, knowledge, and services, across 
platforms and organizational 
boundaries. This capability enables 
seamless information flow and 
dynamic resource allocation, driving 
collaboration, operational flexibility, 
and responsive digital service 
innovation

CompB "One of the very fascinating parts... is the capability of 
orchestrating external and internal resources for 
organizations... So when you were able to negotiate kind of 
governance method that enables the organization to acquire 
external data, that provides a huge advantage.”

Table 10: New Non-technical Digital Twin capabilities emerged from the cases
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Figure 1: Overlap of technical Digital Twin (DT) capabilities and technical Digital Service Innovation (DSI) enabling capabilities
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Figure 2: Overlap of non-technical Digital Twin (DT) capabilities and non-technical Digital Service Innovation (DSI) enabling capabilities
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Figure 3: Framework illustrating how Technical DT Capabilities enable Digital Service Innovation (DSI) Deployment

Page 84 of 87Journal of Enterprise Information Management

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Journal of Enterprise Information Management
Figure 4: Framework illustrating how Non-Technical DT Capabilities enable Digital Service Innovation (DSI) Deployment
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Appendix A: Interview Questions and Structure
A. Introduction to the Participant's Role and Organisational 

Involvement
• Can you describe your role and involvement in Digital Twin projects?
• What is the role of your company in Digital Twin projects?

B. Objectives and Aims of Digital Twin Implementation
• What are the most common objectives and capabilities companies aim to achieve with 

Digital Twins, based on your experience?
• Could you share examples of innovative uses of Digital Twins across different industries?

C. Capabilities Required for Developing and Exploiting Digital 
Twins

• What specific technical and non-technical capabilities are necessary to develop Digital 
Twin projects?

• How do organisations typically acquire these capabilities, and what role does your 
company play in this process?

D. Capabilities Achieved Through Digital Twin Usage
• What are the key capabilities organisations gain through the use of Digital Twins?
• Can you provide examples of how these capabilities have been utilised by companies?

E. Role of Digital Twins in Driving Digital Service Innovation
• In what ways do the capabilities developed through Digital Twin projects enhance an 

organisation's ability to innovate in digital services?
• Could you explain how these capabilities are applied to conceptualise, develop, and 

deploy digital services?
• Do you have examples of such applications in practice?

F. Organisational Culture and Digital Twin Projects
• How do organisations foster the development of capabilities through Digital Twin 

projects and their application to service innovation?
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G. Framework Development and Validation
• After these initial blocks of the interview, we shared two figures outlining Digital Twin 

capabilities (technical and non-technical) and their interrelationships based on our 
sense-making of the literature review. Could you validate these capabilities and their 
relationships?

• Do you feel there are any additional capabilities or interrelationships that should be 
considered?

• How would you suggest refining this framework to better capture the dynamics of 
Digital Twin capabilities and service innovation in your experience?

Future Perspectives on Digital Twin Evolution
• Where do you see the future of Digital Twins heading in the next 5-10 years, particularly 

regarding service innovation?

Closing Comments
• Are there any additional thoughts or insights you believe are important to this topic that we 

haven't yet covered?
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