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Abstract: Innovation management in industrial organizations is undergoing a fundamental shift as digitalization reshapes the way organizations generate, evaluate, develop, and implement innovative ideas. Within the Industry 5.0 paradigm, digital transformation extends beyond technological modernization by integrating artificial intelligence, Industrial Internet of Things (IIoT), digital twins, cloud computing, big data analytics, and collaborative digital platforms with human expertise and sustainable development objectives. This paper examines the evolving role of digital transformation in supporting innovation management throughout the entire innovation lifecycle, from idea generation to commercialization. The study analyzes the technological foundations, organizational implications, and strategic challenges associated with the adoption of intelligent technologies in industrial environments. A conceptual perspective of the Industry 5.0 innovation ecosystem is presented to illustrate the interactions between digital technologies, organizational capabilities, stakeholders, and sustainability principles. The findings emphasize that successful innovation management increasingly depends on the effective integration of digital intelligence, human creativity, and continuous organizational learning. The paper contributes to the understanding of digital transformation as a strategic enabler of innovation management and outlines future directions for developing more integrated and intelligent innovation ecosystems in industrial organizations.
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I. Introduction
The accelerating pace of technological development has significantly reshaped the competitive landscape of industrial organizations. Digital transformation has evolved from a technology-oriented initiative into a strategic imperative that influences organizational structures, business processes, and innovation capabilities. The integration of advanced digital technologies enables organizations to improve operational efficiency, enhance decision-making processes, and accelerate the development of innovative products, services, and business models.
Innovation management has become one of the most critical organizational functions in this new digital environment. Traditional innovation processes, often characterized by sequential decision-making and limited information exchange, are gradually being replaced by dynamic, data-driven, and collaborative approaches supported by intelligent digital technologies. Artificial intelligence, Industrial Internet of Things (IIoT), big data analytics, cloud computing, blockchain, and digital twins provide organizations with new opportunities to identify market needs, optimize research and development activities, predict technological trends, and reduce uncertainty throughout the innovation lifecycle.
The transition from Industry 4.0 to Industry 5.0 further extends the role of digital transformation by emphasizing human-centricity, resilience, and sustainability alongside technological advancement. Rather than focusing exclusively on automation and productivity, Industry 5.0 promotes the collaboration between intelligent technologies and human expertise to create sustainable value for organizations and society. Consequently, innovation management increasingly requires the integration of technological intelligence with organizational knowledge, employee creativity, and stakeholder collaboration.
Despite the growing body of research on digital transformation and Industry 5.0, existing studies frequently examine individual technologies or isolated innovation activities without providing a comprehensive understanding of their combined impact on innovation management. This fragmented perspective limits the ability of industrial organizations to exploit the full potential of digital transformation in developing sustainable innovation capabilities.
Therefore, the aim of this paper is to analyze the impact of digital transformation on innovation management in industrial organizations from the perspective of Industry 5.0. The study examines the role of intelligent digital technologies throughout the innovation process, discusses the associated organizational challenges and opportunities, and presents a conceptual view of the digital innovation ecosystem that supports sustainable and human-centric innovation management.
II. Digital Transformation and the Evolution of Innovation Management
Digital transformation has become one of the primary drivers of organizational innovation in modern industrial enterprises. While early approaches to innovation management primarily focused on improving research and development activities, contemporary organizations increasingly recognize innovation as a continuous, data-driven process supported by advanced digital technologies. This transformation extends beyond the implementation of new technologies, encompassing fundamental changes in organizational structures, business models, decision-making mechanisms, and stakeholder collaboration.
Traditionally, innovation management followed a linear sequence consisting of idea generation, product development, testing, market introduction, and performance evaluation. These processes were often characterized by fragmented information flows, lengthy development cycles, and limited organizational flexibility. As industrial competition intensified and technological change accelerated, organizations were required to adopt more agile innovation models capable of responding rapidly to evolving market demands and technological opportunities.
The emergence of Industry 4.0 marked a significant turning point in the evolution of innovation management. The integration of cyber-physical systems, Industrial Internet of Things (IIoT), cloud computing, big data analytics, and artificial intelligence enabled organizations to collect, process, and utilize vast amounts of operational data in real time. Innovation activities became increasingly supported by predictive analytics, intelligent automation, and digital collaboration platforms, significantly reducing product development time while improving decision quality and resource utilization.
Industry 5.0 further expands this transformation by introducing a human-centric and sustainability-oriented perspective to industrial innovation. Rather than viewing technology as an end in itself, Industry 5.0 emphasizes the complementary relationship between intelligent digital systems and human expertise. Employees are no longer considered passive operators within automated environments but active contributors whose creativity, experience, and interdisciplinary knowledge enhance the effectiveness of digital technologies throughout the innovation process.
Consequently, innovation management has evolved from a technology-centered function into an integrated organizational capability that combines digital intelligence with human creativity, strategic leadership, and sustainable value creation. Organizations increasingly rely on cross-functional collaboration, digital ecosystems, and knowledge-sharing platforms that facilitate continuous learning and accelerate innovation cycles. This integrated approach enables industrial enterprises to improve resilience, increase adaptability to market changes, and strengthen long-term competitiveness.
The evolution of innovation management can therefore be interpreted as a transition through four successive stages. The first stage is characterized by traditional innovation management, relying predominantly on experience-based decision-making and sequential development processes. The second stage introduces digitalization, where information technologies improve communication, documentation, and process automation. The third stage corresponds to Industry 4.0, in which interconnected intelligent systems enable real-time monitoring, data-driven decision-making, and predictive capabilities. Finally, Industry 5.0 establishes a human-centric innovation paradigm that integrates intelligent technologies with sustainability principles, organizational resilience, and collaborative knowledge creation. 
Figure 1 illustrates this evolutionary transition by highlighting the progressive integration of digital technologies, organizational capabilities, and human-centric principles that characterize innovation management in the Industry 5.0 era.
This progressive evolution demonstrates that digital transformation is no longer solely a technological initiative but a strategic enabler of innovation management. The successful integration of digital technologies with organizational capabilities provides industrial organizations with the foundation for achieving continuous innovation, sustainable development, and long-term competitive advantage.
Building upon this evolution, the following section examines the intelligent digital technologies that currently constitute the technological foundation of innovation management in Industry 5.0 industrial organizations.
III. Intelligent Technologies Supporting Innovation Processes
The successful implementation of digital transformation largely depends on the effective adoption of intelligent technologies that support decision-making, knowledge management, and continuous innovation. Within the Industry 5.0 paradigm, these technologies function as complementary components of an integrated innovation environment, enabling industrial organizations to increase flexibility, improve operational efficiency, and accelerate the development of new products, services, and business models.
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Figure 1 – Evolution of Innovation Management in the Digital Era

Artificial Intelligence (AI) has become one of the most influential technologies in contemporary innovation management. Machine learning algorithms, predictive analytics, and generative AI applications enable organizations to analyze complex datasets, identify hidden patterns, forecast market trends, and support strategic decision-making. AI also facilitates idea generation, technology scouting, customer behavior analysis, and optimization of research and development activities, significantly reducing the time required to transform innovative concepts into market-ready solutions.
The Industrial Internet of Things (IIoT) provides the real-time connectivity required for intelligent innovation processes. By integrating sensors, machines, production systems, and digital communication networks, IIoT continuously collects operational data that support product improvement, process optimization, predictive maintenance, and rapid identification of production bottlenecks. This continuous data flow enhances organizational responsiveness and provides valuable feedback throughout the innovation lifecycle.
Big Data Analytics further strengthens innovation management by transforming large volumes of structured and unstructured data into actionable knowledge. Modern industrial organizations utilize advanced analytical techniques to evaluate customer requirements, monitor production performance, identify emerging market opportunities, and assess innovation outcomes. Data-driven insights enable managers to reduce uncertainty and make evidence-based strategic decisions.
Cloud Computing has become an essential technological infrastructure supporting collaborative innovation. Cloud-based platforms facilitate secure information sharing, distributed project management, remote collaboration, and scalable computing resources. They enable geographically dispersed teams, research institutions, suppliers, and industrial partners to cooperate efficiently throughout product development and innovation implementation.
Digital Twins represent one of the most advanced applications of digital transformation in industrial environments. By creating dynamic virtual representations of physical products, manufacturing systems, or production processes, digital twins enable organizations to simulate operational scenarios, evaluate design alternatives, predict system behavior, and optimize innovation decisions before physical implementation. This capability significantly reduces development costs, minimizes technical risks, and shortens innovation cycles.
Blockchain technology contributes to innovation management by ensuring transparency, traceability, and trust in collaborative innovation networks. Distributed ledger technologies enable secure intellectual property management, verification of digital transactions, protection of innovation-related documentation, and reliable collaboration among multiple stakeholders participating in innovation ecosystems.
Knowledge Management Systems integrate organizational knowledge generated from employees, digital platforms, customers, suppliers, and research institutions into a unified knowledge base. These systems support organizational learning, facilitate knowledge sharing, preserve critical expertise, and improve the efficiency of innovation processes by ensuring that valuable experience remains accessible across the organization.
The effectiveness of these technologies is significantly enhanced when they operate as interconnected elements rather than isolated digital solutions. Industry 5.0 promotes the development of integrated digital environments in which artificial intelligence processes operational data collected through IIoT infrastructures, cloud platforms provide computational resources, digital twins simulate innovation alternatives, blockchain ensures secure collaboration, and knowledge management systems continuously enrich organizational intelligence. Human expertise remains the central coordinating element that interprets analytical results, validates strategic decisions, and transforms technological capabilities into sustainable innovation outcomes.
Consequently, intelligent technologies should not be viewed merely as instruments for process automation but as strategic enablers that fundamentally reshape the way industrial organizations generate, evaluate, implement, and continuously improve innovation.
While intelligent technologies provide the technological foundation for innovation, their strategic value emerges through their application across the different stages of the innovation lifecycle. The following section examines how digital transformation supports each phase of the innovation process, from idea generation to commercialization and continuous improvement.


Table 1 –Intelligent Technologies Supporting Innovation Management in Industry 5.0

	Technology
	Primary Role in Innovation Management
	Main Benefits
	Typical Industrial Applications

	Artificial Intelligence
	Intelligent decision support and predictive analytics
	Faster decision-making, improved forecasting, enhanced creativity
	Idea generation, demand forecasting, R&D optimization

	Industrial Internet of Things (IIoT)
	Real-time operational data acquisition
	Improved visibility, process optimization, predictive maintenance
	Smart factories, connected production systems

	Big Data Analytics
	Data-driven performance evaluation
	Better strategic decisions, market intelligence
	Customer analytics, innovation performance assessment

	Cloud Computing
	Collaborative digital infrastructure
	Scalability, flexibility, remote collaboration
	Innovation platforms, distributed development teams

	Digital Twins
	Virtual simulation and system optimization
	Reduced development cost and risk, accelerated innovation
	Product design, manufacturing optimization, process simulation

	Blockchain
	Secure information exchange and traceability
	Transparency, trust, intellectual property protection
	Collaborative innovation networks, supply chain innovation

	Knowledge Management Systems
	Organizational knowledge integration
	Continuous learning, knowledge sharing, improved innovation capability
	Corporate knowledge repositories, innovation databases



IV. Digital Transformation Across the Innovation Lifecycle
Digital transformation has fundamentally redefined the innovation lifecycle by enabling continuous information exchange, real-time decision-making, and intelligent process optimization. Unlike traditional linear innovation models, contemporary innovation management is characterized by iterative development, cross-functional collaboration, and data-driven feedback mechanisms that enhance organizational adaptability and accelerate value creation.
The innovation lifecycle generally comprises five interconnected stages: idea generation, idea evaluation, innovation development, implementation, and commercialization. Within Industry 5.0, each stage is supported by intelligent digital technologies that improve efficiency, reduce uncertainty, and strengthen collaboration between human expertise and digital intelligence.
The idea generation stage increasingly relies on artificial intelligence, big data analytics, and digital collaboration platforms. Organizations analyze customer feedback, market trends, competitor activities, and technological developments to identify new opportunities for innovation. AI-assisted data mining and generative technologies facilitate creative thinking by providing evidence-based recommendations and identifying patterns that may remain unnoticed through conventional analytical approaches.
During the idea evaluation stage, decision-makers assess the technical feasibility, economic viability, strategic alignment, and sustainability of proposed innovations. Predictive analytics, simulation tools, and multi-criteria decision-support systems enable organizations to compare alternative solutions using quantitative performance indicators, thereby reducing investment risks and improving resource allocation.
The innovation development stage benefits from the integration of digital twins, cloud computing, and collaborative engineering platforms. Virtual prototyping, digital simulations, and shared development environments allow multidisciplinary teams to optimize product design, validate engineering solutions, and detect potential design flaws before physical implementation. This significantly shortens development cycles while reducing material waste and development costs.
During implementation, Industrial Internet of Things (IIoT), cyber-physical systems, and intelligent manufacturing technologies ensure effective integration of innovations into industrial operations. Real-time monitoring, automated process control, and predictive maintenance improve production stability and facilitate rapid adaptation to changing operational conditions. Simultaneously, digital communication platforms support knowledge sharing and employee engagement throughout organizational change.
The final stage, commercialization and continuous improvement, extends beyond market introduction by incorporating continuous performance evaluation and organizational learning. Customer feedback, operational data, sustainability indicators, and market intelligence are continuously collected and analyzed to identify opportunities for product enhancement and future innovation. This closed-loop approach transforms innovation management into an ongoing learning process rather than a sequence of isolated projects.
An important characteristic of Industry 5.0 is that digital transformation does not replace human decision-making but augments it. Intelligent technologies provide analytical capabilities, predictive insights, and operational support, while managers, engineers, and innovation teams contribute strategic judgment, creativity, ethical considerations, and domain expertise. This complementary relationship establishes a balanced innovation environment where technological intelligence and human capabilities jointly contribute to sustainable organizational development.
Overall, digital transformation enables industrial organizations to establish an adaptive innovation lifecycle that continuously integrates technological advancements, organizational knowledge, and stakeholder collaboration. Such an approach strengthens organizational resilience, accelerates innovation performance, and enhances long-term competitiveness in increasingly dynamic industrial environments.
The digital transformation of individual innovation processes naturally extends toward the broader innovation ecosystem, where organizations, technologies, knowledge networks, and stakeholders interact to create sustainable value. The following section examines this ecosystem from the perspective of Industry 5.0.
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Figure 2 – Digital technologies supporting the main stages of the innovation lifecycle in Industry 5.0 industrial organizations.

V. Innovation Ecosystem in Industry 5.0
Innovation management in Industry 5.0 extends beyond the boundaries of individual organizations and evolves into a dynamic innovation ecosystem in which digital technologies, human expertise, organizational capabilities, and external stakeholders interact to create sustainable value. Unlike traditional innovation systems that primarily focus on internal research and development activities, the Industry 5.0 ecosystem promotes open collaboration, continuous knowledge exchange, and shared innovation across interconnected industrial networks.
At the center of this ecosystem lies innovation management, which coordinates technological resources, organizational knowledge, strategic objectives, and stakeholder relationships throughout the innovation lifecycle. Its primary role is to ensure that innovation activities remain aligned with business strategy while simultaneously addressing sustainability objectives, customer expectations, and technological developments.
Artificial intelligence serves as the analytical core of the ecosystem by transforming operational and market data into strategic knowledge. Through predictive analytics, intelligent decision support, and machine learning algorithms, AI enhances the organization's ability to identify innovation opportunities, evaluate alternatives, and optimize resource allocation. However, these analytical capabilities achieve their greatest value only when combined with human expertise and organizational experience.
Human capital remains the defining element of Industry 5.0 innovation. Engineers, managers, researchers, and multidisciplinary innovation teams contribute creativity, critical thinking, ethical judgment, and problem-solving capabilities that cannot be fully replicated by intelligent technologies. Consequently, successful innovation management depends on effective collaboration between digital intelligence and human decision-makers, creating a balanced environment where technology augments rather than replaces human capabilities.
Digital infrastructure forms the technological backbone of the innovation ecosystem. Industrial Internet of Things (IIoT), cloud computing, digital twins, blockchain, and advanced communication platforms enable seamless information exchange between organizational units and external partners. These technologies facilitate real-time collaboration, secure knowledge sharing, virtual product development, and continuous performance monitoring, thereby increasing both organizational agility and innovation efficiency.
Knowledge management acts as the connecting mechanism that transforms information into organizational intelligence. By integrating knowledge generated from employees, customers, suppliers, universities, research institutions, and industrial partners, organizations establish continuous learning environments capable of supporting sustainable innovation. The systematic accumulation and dissemination of knowledge reduce duplication of effort, accelerate technology transfer, and improve organizational adaptability.
External stakeholders also play an increasingly significant role within the Industry 5.0 innovation ecosystem. Universities and research organizations contribute scientific expertise and technological advances, while suppliers provide specialized knowledge and technological solutions. Customers actively participate through feedback, co-creation initiatives, and market validation, ensuring that innovation activities remain responsive to societal and industrial needs.
Sustainability constitutes the overarching principle connecting all ecosystem components. Innovation decisions are increasingly evaluated not only according to their economic performance but also through their environmental and social impacts. Digital technologies support sustainability by optimizing resource utilization, reducing waste, improving energy efficiency, and facilitating transparent environmental performance monitoring. Consequently, sustainable innovation becomes an integral objective rather than an additional organizational responsibility.
The Industry 5.0 innovation ecosystem therefore represents an interconnected environment where intelligent technologies, human competencies, organizational knowledge, and collaborative networks continuously reinforce one another. Such integration enables industrial organizations to improve resilience, accelerate innovation cycles, strengthen competitive advantage, and create long-term sustainable value.
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Figure 3 –Conceptual representation of the Industry 5.0 innovation ecosystem integrating intelligent technologies, human expertise, organizational capabilities, and external stakeholders.

Table 2 –Challenges and Opportunities of Digital Innovation Management in Industry 5.0

	Dimension
	Key Challenges
	Potential Opportunities

	Technology Integration
	Interoperability of heterogeneous digital systems
	Integrated digital innovation platforms

	Data Management
	Data quality, ownership, cybersecurity, and privacy
	Real-time analytics and evidence-based decision-making

	Human Resources
	Digital skills gaps and resistance to organizational change
	Continuous learning, reskilling, and human–AI collaboration

	Organizational Culture
	Limited cross-functional collaboration and innovation readiness
	Agile organizational structures and knowledge sharing

	Sustainability
	Balancing economic, environmental, and social objectives
	Sustainable innovation and ESG-oriented value creation

	Strategic Management
	Aligning digital investments with innovation strategy
	Improved competitiveness and long-term organizational resilience



The analysis demonstrates that successful digital innovation management requires a balanced integration of technological capabilities, human competencies, organizational learning, and strategic leadership. Industry 5.0 provides the conceptual foundation for achieving this integration by promoting innovation ecosystems that simultaneously support economic performance, social well-being, and sustainable industrial development.
VI. Conclusions
The digital transformation of industrial organizations is fundamentally reshaping the principles and practices of innovation management. The transition from conventional innovation models toward data-driven, intelligent, and collaborative approaches has significantly expanded the strategic role of digital technologies in supporting innovation throughout the entire organizational lifecycle.
This study examined the evolution of innovation management from traditional approaches to the human-centric philosophy of Industry 5.0. The analysis demonstrated that technologies such as artificial intelligence, Industrial Internet of Things, big data analytics, cloud computing, digital twins, blockchain, and knowledge management systems collectively establish the technological foundation for modern innovation management. Their effective integration enables organizations to accelerate innovation processes, improve decision quality, strengthen organizational learning, and increase long-term competitiveness.
The paper further highlighted that technological advancement alone is insufficient to ensure successful innovation. Human expertise, interdisciplinary collaboration, organizational culture, and sustainability-oriented strategic management remain essential factors for transforming digital capabilities into sustainable innovation outcomes. The proposed conceptual innovation ecosystem illustrates how intelligent technologies, organizational knowledge, and stakeholder collaboration interact to support continuous innovation within Industry 5.0 environments.
From a practical perspective, the presented analysis may assist managers and industrial practitioners in understanding the strategic role of digital transformation in innovation management and in identifying the key technological and organizational factors influencing successful innovation initiatives.
Future research should focus on the development of integrated intelligent frameworks capable of supporting end-to-end innovation management, incorporating advanced decision-support methods, adaptive digital ecosystems, and emerging Industry 5.0 technologies to further strengthen sustainable industrial innovation.
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Figure 2. Digital Transformation Across the Innovation Lifecycle in Industry 5.0
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