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ERP Integration: Enhancing 
Collaboration in Virtual and Extended 
Enterprises 

Usman Ahmad Usmani, Ari Happonen, and Junzo Watada 

1 Introduction 

In the fast-paced and ever-changing business world, organizations constantly seek 
ways to improve their operations and stay ahead of the competition. The Fourth 
Industrial Revolution, which we also know as Industry 4.0, and ever-speeding digi-
talization [1, 2] and asset automatization [3] have provided new opportunities for 
organizations to optimize their asset performance, transform from asset to knowledge 
companies [4], and reduce operational costs through digital technologies [5–8]. The 
increasing use of Internet of Things (IoT) devices [9], big data, cloud computing, and 
artificial intelligence [10] has enabled organizations to create highly interconnected 
and automated systems, providing unprecedented visibility, sustainability benefits, 
and control over asset operations. Enterprise Resource Planning (ERP) systems 
have enabled organizations to manage, automate, and improve their core business 
processes. By integrating all functions into a single system, ERP systems provide 
real-time visibility and control over business operations, enabling asset managers 
to make informed decisions and optimize performance. ERP systems are crucial 
components in the context of Industry 4.0 asset management as they enable asset 
managers to leverage the benefits of digital technologies and enhance collaboration 
in virtual and extended enterprises [11–13]. 

However, effective integration of ERP systems remains a significant challenge, 
particularly in virtual and extended enterprises. Virtual and extended enterprises refer
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to complex and distributed organizational structures characterized by partnerships 
and collaborations between various stakeholders, including suppliers, vendors, and 
customers. These partnerships can create challenges when it comes to integrating 
ERP systems across departments and partners. For example, stakeholders may use 
different ERP systems, have different data structures, or operate under different 
regulations and standards. These differences can lead to inefficiencies and chal-
lenges in collaboration, which can ultimately impact the overall performance of the 
asset management process [14–16]. Interoperability and cybersecurity challenges 
must be addressed to fully realize the benefits of Industry 4.0-related asset manage-
ment opportunities. The increasing connectivity and interdependence of assets and 
systems can create new risks and vulnerabilities, particularly in the context of cyber 
threats. Cybersecurity threats can range from ransomware attacks to data breaches 
and have significant financial and reputational impacts. Therefore, effective cyberse-
curity measures and standards are critical for highly secure operations and as practical 
tools for the safe utilization of Industry 4.0 asset management systems in modern, 
digitally transformed times [17–20]. 

This paper aims to review the state of the art in Industry 4.0 asset management 
and the role of ERP integration in enhancing collaboration in virtual and extended 
enterprises. The paper will discuss the challenges and opportunities presented by 
interoperability and cybersecurity and propose a framework for addressing these 
challenges. We shall also highlight key research directions for advancing Industry 
4.0 asset management and discuss the implications of Industry 4.0 asset management 
for asset-intensive industries, including manufacturing, transportation, and energy. 
Section 2 of the paper will provide an overview of Industry 4.0 asset management and 
the role of ERP systems in optimizing asset performance. The section will discuss 
the benefits of ERP integration in Industry 4.0 asset management, including real-
time visibility and control over business operations, enhanced collaboration, and 
increased efficiency and effectiveness in the asset management process. 

Section 3 of the paper will discuss the challenges and opportunities presented by 
interoperability and cybersecurity in Industry 4.0 asset management. The section 
will explore the interoperability challenges in virtual and extended enterprises, 
including differences in data structures, regulations, and standards. The section will 
also examine the cybersecurity challenges organizations face in Industry 4.0 asset 
management, including the risks associated with increasing connectivity and inter-
dependence of assets and systems. Section 4 of the paper will propose a framework 
for addressing interoperability and cybersecurity challenges in Industry 4.0 asset 
management. The framework will outline best practices for effective ERP integra-
tion, including the importance of standardization, collaboration, and cybersecurity 
measures. 

Section 5 of the paper will discuss the implications of Industry 4.0 asset manage-
ment for asset-intensive industries, including manufacturing, transportation, and 
energy. The section will explore the potential benefits of Industry 4.0 asset manage-
ment for these industries. The increasing trend toward virtual and extended enter-
prises has made it imperative for organizations to establish collaborative relation-
ships with their suppliers, partners, and customers. ERP integration can provide a



common platform for communication and collaboration among these entities, leading 
to better coordination of activities, reduced lead times, and improved responsiveness 
to customer needs. However, achieving successful ERP integration in virtual and 
extended enterprises has challenges like data security, system interoperability, and 
cultural differences. Our work provides the needed in-depth analysis of the chal-
lenges and opportunities of ERP integration in the context of virtual and extended 
enterprises and continues to propose a framework for addressing these challenges. 

The following sections will review the literature on ERP integration, virtual and 
extended enterprises, and collaboration. We will discuss the challenges and oppor-
tunities ERP integration presents in virtual and extended enterprises and propose a 
framework for addressing these challenges. Finally, we will discuss the implications 
of ERP integration for organizations and the need for future research in this area. 

2 Literature Review: ERP Integration and Virtual/ 
Extended Enterprises 

Integrating Enterprise Resource Planning (ERP) systems into virtual and extended 
enterprises has become an increasingly relevant topic in today’s global business 
landscape. As companies expand their operations, they collaborate and innovate with 
other organizations [21] using seamless data sharing and efficient communication, 
which have become paramount for good success. The following literature review 
provides an overview of the current research on ERP integration within virtual and 
extended enterprises, exploring the challenges and benefits of this integration. We go 
through different approaches and strategies used and practiced ensuring successful 
implementations. By reviewing the existing literature, this section offers a view of 
current research gaps and builds views and insights for follow-up future studies. 

2.1 ERP Integration 

Enterprise Resource Planning (ERP) systems have become essential for managing 
business operations and information across different functional areas. The integration 
of ERP systems has been a topic of interest in information systems and management 
for several years. This section provides a literature review of the current research 
on ERP integration, including its benefits, challenges, and approaches. One of the 
key benefits of ERP integration is the ability to streamline business processes and 
enhance organizational efficiency. According to Cheng et al. (2018), [22–24] ERP 
integration can help organizations achieve better coordination and communication 
across different functional areas, resulting in improved decision-making and resource 
utilization. Moreover, Chen and Wang (2016) found that ERP integration can reduce



duplication of work, data inconsistencies, and errors, leading to significant cost 
savings and increased productivity. 

However, ERP integration also poses several challenges that organizations need 
to overcome. One of the significant challenges is the complexity of ERP systems and 
the need for specialized expertise and knowledge to be able to maintain and properly 
implement them. According to Liang et al. (2017), ERP integration requires high 
technical knowledge and skills, which may not be available in-house. Moreover, 
ERP systems may require significant customization to fit an organization’s specific 
needs, which can be time-consuming and costly. Another challenge associated with 
ERP integration is the need for effective change management [25–27]. According to 
Liu et al. (2018), ERP integration often requires significant changes to organizational 
processes and workflows, leading to employees’ resistance and reluctance. Effective 
change management strategies are necessary to ensure smooth adoption and mini-
mize disruptions to daily operations. Several approaches and strategies have been 
proposed to overcome these challenges and ensure successful ERP integration. One 
of the common approaches is the phased implementation approach, which involves 
implementing ERP modules gradually, starting with the most critical ones. According 
to Wu and Wang (2016), this approach can reduce the risk of system failure and allow 
organizations to adjust to the new system gradually. Additionally, the popularity of 
cloud-based ERP systems has risen considerably in recent years. These ERP systems 
do offer several advantages, such as lower upfront costs, scalability, and accessibility. 
Botta-Genoulaz et al. (2016) state that cloud-based ERP systems can provide organi-
zations with extended flexibility and agility for quick adaptations to changing market 
conditions [28–30]. 

In conclusion, ERP integration has become a critical component of modern busi-
ness operations. While it offers several benefits, it also poses significant challenges 
that organizations must overcome. Effective change management strategies, special-
ized technical expertise, and careful planning and implementation are necessary to 
ensure successful ERP integration. Future research should continue to explore the 
role of emerging technologies. These technologies include, but are not limited to, 
artificial intelligence, robotic process automation, and blockchains in enhancing ERP 
integration and improving organizational performance. 

2.2 Virtual and Extended Enterprises 

Virtual and extended enterprises (VEs) have become an increasingly popular organi-
zational model in today’s global business landscape. VEs are networks of geographi-
cally dispersed organizations collaborating to achieve common goals and objectives. 
This section provides a literature review of the current research on VEs, including 
their benefits, challenges, and strategies for successful implementation [31–34]. One 
of the key benefits of VEs is the ability to leverage the expertise and resources of 
multiple organizations. According to Prahinski and Benton (2017), VEs enable orga-
nizations to access a broader range of skills, knowledge, and resources than would



be available within a single organization. Moreover, VEs can facilitate innovation 
and knowledge sharing among participants, enhancing competitiveness and market 
positioning. 

However, VEs also pose several challenges that organizations need to overcome. 
One of the significant challenges is the complexity of coordinating activities and 
managing relationships among participants. Seebacher et al. (2019) state that VEs 
require effective communication and collaboration mechanisms to ensure meeting 
goals and objectives and minimize conflicts and misunderstandings. Moreover, VEs 
need effective governance structures to manage risks, ensure compliance, and resolve 
disputes. 

Another challenge associated with VEs is effective information sharing and 
management [35–37]. According to Huang et al. (2019), VEs rely on information 
technology (IT) to facilitate participant communication and collaboration. However, 
effective IT infrastructure and data management strategies are necessary to ensure 
secure and efficient information sharing and exchange. 

Several strategies have been proposed to overcome these challenges and ensure 
successful VE implementation. One of the common strategies is the use of shared 
processes and standards to enable interoperability among participants. According 
to Terzi et al. (2018), using common procedures and standards can reduce the 
complexity of coordination and enable efficient data sharing and exchange. Moreover, 
using trust-based relationships and contracts can facilitate collaboration and mitigate 
risks associated with VEs [38–40]. In conclusion, VEs have emerged as a promising 
organizational model for achieving strategic goals and objectives through collabora-
tion among geographically dispersed organizations. While VEs offer several bene-
fits, they pose significant challenges that organizations must overcome. Effective 
communication and collaboration mechanisms, IT infrastructure and data manage-
ment strategies, and governance structures are necessary to ensure successful VE 
implementation. Future research offers a lot of potential for emerging technologies’ 
role in enhancing VE collaboration and performance matters, considering the newest 
technology trends like blockchains and artificial intelligence. 

3 Interoperability and Cybersecurity Challenges 
in Industry 4.0 Asset Management: Exploring 
the Implications for Virtual and Extended Enterprises 

Industry 4.0 has brought a new era of digitalization and connectivity in the indus-
trial sector, enabling real-time monitoring, control, and optimization of assets and 
processes. However, the widespread adoption of Industry 4.0 technologies and the 
integration of heterogeneous systems and devices also pose significant challenges 
for interoperability and cybersecurity. This section will discuss the challenges and 
opportunities presented by interoperability and cybersecurity in Industry 4.0 asset 
management, focusing on virtual and extended enterprises. Virtual and extended



enterprises (VEs) are complex networks of geographically dispersed organizations 
collaborating to achieve common goals and objectives. Interoperability is a critical 
aspect of VEs, enabling seamless communication, coordination, and data sharing 
among participants. However, achieving interoperability in VEs can be challenging 
due to participant differences in data structures, regulations, and standards. This sub-
section will explore the interoperability challenges in VEs and discuss strategies and 
best practices for achieving interoperability. 

3.1 Interoperability Challenges in Virtual and Extended 
Enterprises 

(VEs) are complex networks of geographically dispersed organizations collabo-
rating to achieve common goals and objectives. In VEs, interoperability is a critical 
aspect that enables seamless communication, coordination, and data sharing among 
participants. However, achieving Interoperability in VEs can be challenging due to 
participant differences in data structures, regulations, and standards. This sub-section 
will explore the interoperability challenges in VEs and discuss strategies and best 
practices for achieving interoperability [40–42]. 

One of the key challenges in achieving interoperability in VEs is the heterogeneity 
of data structures and formats used by different participants. Each organization may 
have its data structures and formats, which can pose challenges for integrating and 
sharing data among participants. For example, one organization may use a relational 
database management system, while another may use a NoSQL database. Moreover, 
differences in data formats can make it challenging to exchange data between partic-
ipants [43, 44]. To overcome these challenges, VEs can adopt common data formats 
and exchange protocols, such as XML, JSON, and CSV, to facilitate data exchange 
and interoperability. 

Another challenge is the differences in regulations and standards among partic-
ipants. In VEs, participants may operate in different countries or regions, with 
different regulations and standards for data privacy, security, and interoperability. 
For example, the European Union’s General Data Protection Regulation (GDPR) 
imposes strict data privacy and security requirements. At the same time, the United 
States Health Insurance Portability and Accountability Act (HIPAA) sets healthcare 
data privacy and security requirements. For seamless interoperability, it’s essential 
that VEs would comply with relevant and connected regulations and standards when 
adopting common interoperability frameworks and guidelines. 

Furthermore, achieving interoperability in VEs requires effective communica-
tion and participant collaboration. VEs require a shared understanding of goals, 
objectives, and processes and effective communication channels to ensure alignment 
and coordination. Moreover, VEs require effective governance structures to manage 
risks, ensure compliance, and resolve disputes. To achieve interoperability, VEs can 
adopt collaborative tools and platforms, such as cloud-based collaboration platforms,



and establish effective governance frameworks, such as shared governance models 
[44, 45]. 

In conclusion, achieving interoperability in virtual and extended enterprises 
is critical for enabling seamless communication, coordination, and data sharing 
among participants. Interoperability challenges arise due to differences in data struc-
tures, regulations, and standards among participants. To overcome these challenges, 
VEs can adopt standard data formats and exchange protocols, comply with rele-
vant regulations and standards, establish effective communication and collaboration 
mechanisms, and adopt effective governance structures. 

3.2 Cybersecurity Implications for Industry 4.0 Asset 
Management 

Integrating Industry 4.0 technologies and the increasing connectivity of industrial 
assets also pose significant cybersecurity risks. Cyberattacks on industrial systems 
can result in substantial financial losses, operational disruptions, and even safety 
hazards. This sub-section will discuss the cybersecurity implications for Industry 
4.0 asset management and explore strategies and best practices for mitigating cyber-
security risks. Moreover, the sub-section will discuss the challenges and opportuni-
ties emerging technologies, such as blockchain and artificial intelligence, present in 
enhancing cybersecurity in Industry 4.0 asset management [45, 46]. 

Industry 4.0 technologies have brought about significant advancements in asset 
management, enabling real-time monitoring, control, and optimization of indus-
trial assets and processes. However, integrating Industry 4.0 technologies and the 
increasing connectivity of industrial assets also pose significant cybersecurity risks. 
Cyberattacks on industrial systems can result in substantial financial losses, opera-
tional disruptions, and even safety hazards. This sub-section will discuss the cyber-
security implications for Industry 4.0 asset management and explore strategies and 
best practices for mitigating cybersecurity risks. One of the key cybersecurity risks 
for Industry 4.0 asset management is the increased attack surface resulting from 
integrating heterogeneous systems and devices. Industry 4.0 technologies integrate 
various systems, devices, and networks, increasing the attack surface and making 
securing industrial assets challenging. For example, attackers can exploit vulnerabil-
ities in connected devices, such as sensors, controllers, and actuators, to gain unautho-
rized access to industrial systems and assets. To mitigate these risks, Industry 4.0 asset 
management must adopt a defense-in-depth approach, which involves implementing 
standard security layers like encryption utilization with firewalls, without forgetting 
extended multilayer protection with security controls like intrusion detection systems 
to protect against security threats [47–50]. 

Another challenge is the lack of standardization and regulation for cybersecurity 
in Industry 4.0 asset management. There are currently no globally accepted cyberse-
curity standards or regulations for Industry 4.0 asset management, which can make it



challenging to ensure consistent and effective cybersecurity across different systems 
and devices. To address this challenge, industry organizations and government agen-
cies are developing cybersecurity guidelines and frameworks like the National Insti-
tute of Standards and Technology (NIST) Cybersecurity Framework and the Inter-
national Electrotechnical Commission (IEC) 62,443 series-related standards. These 
standards help to provide a common approach for securing Industry 4.0 assets. More-
over, emerging technologies, such as blockchain and artificial intelligence (AI) [TT], 
can offer opportunities for enhancing cybersecurity in Industry 4.0 asset manage-
ment. Blockchain can provide a decentralized and secure platform for managing 
data and transactions, enhancing data privacy, security, and integrity in Industry 
4.0 asset management. AI can offer advanced capabilities for threat detection and 
response, such as anomaly detection and automated incident response, which can 
enhance the efficiency and effectiveness of cybersecurity operations. In conclusion, 
Industry 4.0 asset management poses significant cybersecurity risks due to integrating 
heterogeneous systems and devices [51–53]. To mitigate these risks, Industry 4.0 
asset management must adopt a defense-in-depth approach, implement cybersecu-
rity guidelines and frameworks, and leverage emerging technologies like blockchain 
and AI to enhance cybersecurity operations. 

4 Proposed Framework for Addressing Interoperability 
and Cybersecurity Challenges in Industry 4.0 Asset 
Management 

Industry 4.0 technologies have brought about significant advancements in asset 
management, which has enabled active real-time monitoring, control, and optimiza-
tion of industrial assets and processes. However, integrating these technologies and 
the increasing connectivity of industrial assets also pose significant interoperability 
and cybersecurity risks. In response to these challenges, this section proposes a 
framework for addressing interoperability and cybersecurity challenges in Industry 
4.0 asset management (Fig. 1).

The proposed framework is a holistic approach that addresses both technical and 
organizational aspects. The framework consists of the following key components:

1. Standardization: The framework emphasizes standardization’s importance to 
ensure interoperability and cybersecurity in Industry 4.0 asset management [54, 
55]. Standardization involves establishing common data models, communication 
protocols, and security standards to seamlessly integrate heterogeneous systems 
and devices. Standardization can facilitate collaboration between stakeholders, 
suppliers, customers, and regulators. 

2. Collaboration: The framework recognizes the importance of collaboration 
in addressing interoperability and cybersecurity challenges in Industry 4.0 
asset management [56, 57]. Collaboration involves engaging stakeholders from 
different disciplines and organizations to share knowledge, resources, and best



Fig. 1 Proposed framework for addressing interoperability and cybersecurity challenges in industry 
4.0 asset management: a comprehensive approach to enhancing collaboration in virtual and extended 
enterprises

practices. Collaboration can help identify and mitigate interoperability and cyber-
security risks early and foster a culture of continuous improvement in Industry 
4.0 asset management.

3. Cybersecurity Measures: The framework emphasizes cybersecurity measure 
implementation to protect Industry 4.0 assets and processes from cyber 
threats [58, 59]. Cybersecurity measures involve implementing defense-in-depth 
approaches, with options like the utilization of multiple layers of security 
controls. These controls include options such as intrusion detection systems, 
firewalls with extended pattern recognition capabilities, and multiple different 
encryption algorithms. Cybersecurity measures should include employee training 
and awareness programs to promote a cybersecurity culture. 

4. ERP Integration: The framework highlights the importance of effective ERP 
integration in Industry 4.0 asset management [60, 61]. Effective ERP integra-
tion involves establishing a common data model and communication protocols 
between ERP systems and modules. ERP integration can facilitate seamless data 
exchange and process automation, improving decision-making and performance 
in Industry 4.0 asset management. 

The proposed framework provides a roadmap for addressing interoperability and 
cybersecurity challenges in Industry 4.0 asset management. The framework empha-
sizes the importance of standardization, collaboration, and cybersecurity measures 
in ensuring seamless integration and protection of Industry 4.0 assets and processes. 
By adopting this framework, organizations can improve the efficiency, effectiveness,



and resilience of Industry 4.0 asset management and gain a competitive advantage 
in the digital era. 

5 Industry 4.0 Asset Management: Implications 
and Benefits for Asset-Intensive Industries and the Rise 
of Collaborative Virtual Enterprises 

This section examines the implications and benefits of Industry 4.0 asset manage-
ment for asset-intensive industries such as manufacturing, transportation, and energy. 
The section does this with two sub-sections. The first will discuss Industry 4.0 asset 
management benefits for asset-intensive industries, exploring how these industries 
leverage technologies such as the Internet of Things (IoT), big data analytics, and 
artificial intelligence (AI) to optimize asset management processes, improve effi-
ciency, and reduce costs. Then the second sub-section focuses on the rise of virtual 
and extended enterprises and the challenges and opportunities they present for orga-
nizations. It will discuss the need for collaboration and partnership building in these 
environments and highlight some best practices for establishing and maintaining 
successful relationships. In general, with the increasing adoption of Industry 4.0 tech-
nologies, industries are experiencing significant changes in how they manage their 
assets. As such, the section also explores the trend toward virtual and extended enter-
prises, driving the need for more collaborative relationships between organizations 
and their partners. 

5.1 Benefits of Industry 4.0 Asset Management 
for Asset-Intensive Industries 

The first sub-section of Sect. 5 of the paper focuses on the potential benefits 
of Industry 4.0 asset management for asset-intensive industries such as manufac-
turing, transportation, and energy. These industries manage vast assets, ranging from 
machinery and equipment to transportation vehicles and infrastructure. As such, the 
efficient management of these assets is crucial for ensuring operational efficiency 
and maximizing profitability. The sub-section explores how Industry 4.0 technologies 
such as the Internet of Things (IoT), big data analytics, and artificial intelligence (AI) 
enable organizations to optimize their asset management processes and improve effi-
ciency. For example, IoT devices offer options to do equipment performance moni-
toring in real-time ways, which allows for enhanced predictive maintenance and to 
reduce operational downtime. Analytics with big data helps organizations to utilize 
vast amounts of data for the goal of finding patterns and identifying new patterns. 
The analysis enables data-driven decision-making for enhanced asset maintenance



and replacement. AI can be used to develop predictive models to help organiza-
tions anticipate and predict equipment failures to reduce downtime and maintenance 
costs [62, 63]. The sub-section highlights how Industry 4.0 asset management helps 
organizations reduce costs and improve profitability. Organizations can reduce down-
time and maintenance costs by optimizing asset management processes, increasing 
asset lifespan, and improving asset utilization rates. Additionally, Industry 4.0 tech-
nologies help organizations improve supply chain management, reduce waste, and 
increase productivity, all contributing to improved profitability. 

5.2 Collaborative Virtual Enterprises: Challenges and Best 
Practices for Partnership Building 

Collaborative virtual enterprises, which involve partnerships between organizations 
that may be geographically dispersed and have different organizational cultures and 
structures, present a number of challenges. Communication and coordination can be 
difficult, particularly when partners work in different time zones or work styles. In 
addition, managing intellectual property and confidentiality issues can be complex, 
particularly when partners may have different levels of experience and expertise [64, 
65]. Data privacy and security can also be challenging, particularly when partners 
share sensitive information and data. Organizations need to develop strategies and 
best practices to address these challenges that promote effective collaboration and 
partnership building. 

Challenges: 

1. Differences in organizational cultures and structures can create communication 
and coordination challenges. 

2. Managing intellectual property and confidentiality issues can be difficult in 
collaborative virtual enterprises. 

3. Building trust among partners is crucial but challenging when partners may be 
located in different regions or have different experience levels and expertise. 

4. Data privacy and security can be challenging, particularly when partners share 
sensitive information and data. 

To promote effective collaboration and partnership building in virtual enterprises, 
organizations must develop and implement best practices to help mitigate the chal-
lenges associated with virtual collaboration. Developing a shared vision and under-
standing goals and objectives is crucial, as is establishing clear roles and respon-
sibilities for each partner. Open lines of communication and regular check-ins can 
help ensure that partners stay connected and informed. In contrast, clear guidelines 
and protocols can help to manage intellectual property and confidentiality issues 
[66, 67]. Additionally, implementing strong cybersecurity measures like encryption 
and related access controls does help to ensure that data is better protected and more 
secure than without these measures would be the case. Organizations can build strong



partnerships and achieve successful outcomes in virtual enterprises by adopting these 
best practices. 

Best Practices: 

1. Developing a shared vision and understanding goals and objectives is crucial to 
ensure all partners are aligned and working toward the same outcomes. 

2. Establishing clear roles and responsibilities for each partner can help mitigate 
coordination challenges and ensure everyone knows their duties. 

3. Developing open lines of communication and establishing regular check-ins and 
meetings can help ensure that partners stay connected and informed. 

4. Establishing clear guidelines and protocols for managing intellectual property 
and confidentiality can help mitigate potential issues and ensure all partners 
know their responsibilities. 

5. Implementing strong cybersecurity measures (e.g., access control and encryp-
tion) can help to ensure that data is protected and secure. 

6 Discussions and Conclusions 

This paper explores the challenges and opportunities ERP integration presents in 
virtual and extended enterprises. We have discussed the importance of interoper-
ability and cybersecurity in Industry 4.0 asset management and proposed a frame-
work for addressing these challenges. Additionally, we have examined the potential 
benefits of Industry 4.0 asset management for asset-intensive industries and explored 
best practices for partnership building in collaborative virtual enterprises. Based 
on the findings, a lot more additional trust-building and collaborative innovation 
considerations, like it is done in other fields [68, 69], should be added to networks 
where security is enhanced between multiple collaborative partners. Also, in ERP 
and cybersecurity areas, development is needed to cross-connect the ideology of 
business sustainability to the system solution and integration work, in the same way 
environmental sustainability is linked to, e.g., enhancement of supply chains [70] 
and warehousing operations [71], pandemic resilience [45, 72] and sustainability of 
education [73], and so on. 

Effective ERP integration can enhance collaboration and promote more effi-
cient and effective operations in virtual and extended enterprises. Organizations can 
streamline their operations and achieve better outcomes by standardizing data struc-
tures and promoting collaboration [74, 75]. However, interoperability challenges and 
cybersecurity threats can impede these efforts, making it essential for organizations 
to implement best practices and strong cybersecurity measures. The potential bene-
fits of Industry 4.0 asset management for asset-intensive industries are significant. 
Organizations currently have a significant opportunity to optimize their operations, 
reduce downtime, and keep improving their asset utilization rates by leveraging 
technologies like the Internet of Things (IoT), artificial intelligence (AI), and robotic 
process automation. These and other similar technologies do tend to come with the



additional benefit for the possibility to improve company performance through fleet 
management [76] and higher level service integrations and self-working technologies 
[3]. 

Additionally, the increasing trend toward virtual and extended enterprises has 
made it imperative for organizations to establish collaborative relationships with 
their suppliers, partners, and customers. One good example is university–industry 
collaboration [6, 73], intensive co-organized educational events [60, 77], educating 
new generations on how to work with and what they need to understand about specific 
technologies [78–80], and building community wisdom collection know-how and 
activities [81, 82]. These collaboration models generate new knowledge-building 
seeds [83] for researchers and academics but simultaneously offer companies the 
chance to be in touch with the latest research, and new and novel ideas. By doing 
so, they can achieve greater efficiencies and enhance their competitiveness in the 
marketplace. 

In conclusion, ERP integration can play a critical role in enhancing collaboration 
in virtual and extended enterprises. Organizations can achieve greater efficiencies and 
improve outcomes by addressing interoperability and cybersecurity challenges. The 
potential benefits of Industry 4.0 asset management are also significant, particularly 
for asset-intensive industries. Organizations can build solid partnerships and achieve 
successful outcomes in collaborative virtual enterprises by adopting best practices 
for partnership building and implementing strong cybersecurity measures [84–87]. 
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