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ABSTRACT 

Industry 5.0, the promising evolution of Industry 4.0, builds upon its core principles and 

emphasizes a more human-centric approach to manufacturing. Advanced technologies like 

edge computing, digital twins, collaborative robots (Cobots), the Internet of Everything (IoE), 

blockchain, AI, and 6G networks become vital technical components in industry 5.0 

environments. This evolution promises a more sustainable, human-centric approach, leading to 

enhanced operational efficiency, increased supply chain flexibility, reduced lead times, lower 

logistics costs, and improved customer service, painting a bright future for the Finnish 

manufacturing sector.  

The transition to industry 5.0, guided by advanced technologies, presents a significant 

opportunity for the manufacturing sector to evolve into a smart manufacturing future. In this 

context, the study focuses on identifying the key challenges and motivators in supply chain 

management during this transition is particularly relevant to the Finnish manufacturing sector. 

Thus, the purpose of this study is to identify the challenges and motivators of transitioning 

from industry 4.0 to industry 5.0 and add new literature from the perspective of the Finnish 

manufacturing sector regarding industry 5.0 adoption.  

The methodological choice for this study is a mono-method qualitative approach, a practical 

method that allows for a deep understanding of the participants and reduces the complexity of 

the study. Primary data is collected through a series of one-on-one online interviews using a 

semi-structured questionnaire, a method that is easily replicable in real-world scenarios. A 

convenient sampling strategy gathers information from the manufacturer's perspective. The 

analysis was conducted using qualitative thematic analysis with the help of the NVivo software 

tool, a widely used tool in research settings.  

Firstly, the study revealed four major challenges face during the transition from Industry 4.0 to 

Industry: difficulties with seamless integration, insufficient technical preparedness, regulatory 

compliance issues, and a lack of competency and knowledge. Three minor challenges were 

identified, including data security & privacy, primary focus on non-SCM functions, and high 

investment cost. Secondly, five major motivators driving the adoption of Industry 5.0 

technologies were identified: enhanced agility and resilience, empowered decision-making, 

operational excellence, sustainability promotion, and fostering a human-centric workplace. In 

addition, two minor motivators were identified: cost reduction and improved customer 

experience. These findings provide valuable insights for academia and professionals, shedding 

light on the challenges and motivators in the transition to Industry 5.0 and the positioning of 

the Finnish manufacturing sector in the global context.   
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1 Introduction 
Germany introduced Industry 4.0 in 2011 as part of an economic strategy to advance 

manufacturing and service practices through digitization and automation. Industry 5.0 

represents the next evolution of Industry 4.0, building upon its core principles and emphasizing 

a more human-centric approach to manufacturing. Compared to its predecessors, Industry 5.0 

has far exceeded its innovation potential, making significant advancements in manufacturing 

and SCM (Nazarian and Khan, 2024). Like Industry 4.0, Industry 5.0 is driven by advanced 

technologies such as edge computing, digital twins, collaborative robots (Cobots), the Internet 

of Everything (IoE), blockchain, AI, and 6G networks (da Costa, Oliveira and de Souza, 2021). 

A more personalized manufacturing environment is expected with industry 5.0 approaches, 

empowering humans. Among the themes related to Industry 5.0, human-machine connectivity 

and co-existence have gained the most attention (Akundi et al., 2022). Further, the Industry 5.0 

is an industrial transition and a societal transition that can unfold unprecedented opportunities 

for establishing a highly intelligent global society (Maddikunta et al., 2022). Achieving 

sustainable development has become a critical societal focus within the industry 5.0 context 

(Leng et al., 2022). The new digital supply chain practices associated with Industry 5.0 

facilitate the creation of personalized customer supply chains and foster a more human-centric 

and resource-efficient manufacturing environment, thereby enhancing customer satisfaction 

(Adel, 2022).  

Manufacturers have identified the importance of system resilience against unexpected 

disruptive occurrences, particularly due to experience during the COVID-19 pandemic and 

geopolitical wars in Europe (Leng et al., 2023). Given the current geopolitical situation, 

Finland shall establish system resilience and countermeasures for disruptions in the 

manufacturing environment. The Finnish manufacturing sector significantly contributes to the 

national economy, both economically and socially. As a dynamic sector, it accounts for 50% 

of Finland's export market and 70% of private R&D investment (Pihlajamaa et al., 2023). Over 

the past decade, the sector has contributed nearly 30% to the country's GDP, averaging 80 

billion euros annually (Statistics Finland, 2024). Additionally, the sector generates 13% of 

employment opportunities. 

As an essential supporting function in the manufacturing environment, supply chain 

management is vital in advancing the Finnish manufacturing sector into its next phase. Industry 

5.0 technologies have paved a clear path to guide the sector toward a smart manufacturing 
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future. Global manufacturing leaders have already begun adopting Industry 5.0 as a powerful 

tool to establish their presence within the smart manufacturing landscape (Leng et al., 2023). 

The urgency of Finnish manufacturing firms becoming early adopters of Industry 5.0 

technologies cannot be overstated. Immediate action is necessary to gain a competitive 

advantage as a leading manufacturing nation. 

The existing literature has primarily focused on the technical aspects of Industry 5.0 and 

identified its driving technologies (Draghici, Olariu and Rozman, 2014). Since Industry 5.0 

adopts a human-centric approach, more studies have been conducted under the concept of 

Society 5.0 to explore the anticipated societal changes during the Industry 5.0 era (Salgues, 

2017). Research has revealed that Industry 5.0 fosters a people-based economy driven by 

collaborative support from machines and AI (Østergaard, 2018). As Industry 5.0 is impossible 

to ignore, business leaders, policymakers, and professionals must address its implications to 

remain competitive in the market. Additionally, Industry 5.0 is only possible based on 

digitalization and Industry 4.0. Industry 5.0 makes  it possible to optimize the use of human 

labour, thereby establishing better resource usability and sustainability (Paschek et al., 

2021).Given the significance of this context, it is essential to study the Finnish context in 

industry 5.0 and manufacturing. The study aims to identify the key challenges faced by supply 

chain management professionals during the transition from Industry 4.0 to Industry 5.0 and to 

explore the primary motivators driving the adoption of Industry 5.0 technologies. Limited 

previous research has been conducted to explore the supply chain function of the Finnish 

manufacturing sector in the context of Industry 4.0 and Industry 5.0. The results provide 

valuable insights for academia and professionals to understand better recent industrial 

revolutions and the positioning of the Finnish manufacturing sector.  

1.1 Research gap 

Previous studies of industry 5.0 have primarily focused on building literature from technical 

perspectives to identified its driving technologies like edge computing, digital twins, 

collaborative robots (Cobots), the Internet of Everything (IoE), blockchain, AI, and 6G 

networks (da Costa, Oliveira and de Souza, 2021). Additionally, researchers has explored the 

vision of industry 5.0: bringing human touch back to establish collaboration between human 

and machines (Nahavandi, 2019). Studies have identified Benefits of Industry 5.0 like optimize 

the use of human labour, thereby establishing better resource usability and sustainability 
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(Paschek et al., 2021). These studies have provided generalized overview regarding industry 

5.0 from global perspective.  

As a manufacturing-oriented country, Finland needs more knowledge or literature within the 

context of Industry 5.0. Even the European Union has promoted the adoption of advanced 

technologies through initiatives like the Digital Single Market Strategy, one of the U.S.'s top 

10 political priorities between 2015 and 2019.  (Alexa, Pîslaru and Avasilcăi, 2022) As part of 

this strategy, the EU has been building a digital society to advance the digitalization of 

industrial processes (Diskurs, 2018). Therefore, Finland faces a clear gap in investing more in 

Industry 5.0-related knowledge by identifying associated challenges, risks, benefits, and 

opportunities. Advancing knowledge in Industry 5.0 can enable Finnish scholars and 

professionals to add value to industries. This new knowledge can improve supply chain 

management, operations, and social aspects. 

1.2 Research problem statement 

The transition from Industry 4.0 to Industry 5.0 in supply chain management involves 

integrating advanced technologies such as Cobots technology, the Internet of Everything (IoE), 

6G, and others. However, the Finnish manufacturing sector faces challenges in integrating 

these technologies with existing supply chain management functions, leading to inefficiencies. 

This becomes a critical issue to investigate because, without smooth integration, the transition 

may result in delays, increased costs, supply chain disruptions, and a loss of stakeholder trust 

in the changes. This research aims to identify the challenges of integrating supply chain 

applications with Industry 5.0 technologies. Additionally, it seeks to identify the motivators 

within the manufacturing sector for addressing these challenges using Industry 5.0 

technologies. 

1.3 Research significance 

The contribution of the Finnish manufacturing sector to the national economy is significant, 

both economically and socially. The manufacturing sector invests more in R&D and innovation 

compared to other sectors. The pace of transitioning from one industrial revolution to another 

has accelerated due to rapid technological development. A business's ability to be agile and 

adaptable determines its survival in today's dynamic environment. Industry 5.0 encompasses a 

range of technologies designed to drive businesses in the coming decades. Thus, academia and 

industry have been pursuing knowledge related to Industry 5.0. Creating new knowledge is a 
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primary task of academia and industry professionals waiting for practical solutions. Supply 

chain professionals can gain considerable by understanding new theories, concepts, and 

practical applications associated with Industry 5.0.  As Finland faces shocks from different 

fronts, the potential impact of this research on the Finnish economy is significant. The findings 

will help understand how new technological developments can be applied to improve the 

economy. Finally, due to the limited research on the transitions between the last two industrial 

revolutions, particularly in the Finnish context, studying this topic has become a timely and 

significant requirement in identifying new knowledge on industry 5.0 and supply chain 

management. 

1.4 Research questions & objectives 

The following two research questions have been formulated for this research study on 

"Challenges and Motivators associated with the Transition from Industry 4.0 to Industry 5.0 in 

the SCM Functions of the Finnish Manufacturing Sector."  

Research question 01 

“How do supply chain management professionals in the Finnish manufacturing sector 

perceive the challenges associated with the transition from Industry 4.0 to Industry 5.0?” 

Research question 02 

“What factors motivate adopting an Industry 5.0-driven approach in manufacturing 

environments??” 

 

Each research question has a unique objective, as outlined below, to ensure a more focused 

study and analysis. The research objectives have been derived from research questions and are 

presented in the Table 1 below. 
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Table 1 Research objectives 

Objective Description 

RQ: 01 

Objective 01 

To identify the challenges faced by supply chain management professionals 

in the Finnish manufacturing sector during the transition from Industry 4.0 

to Industry 5.0 

RQ:02 

Objective 02 

To explore the motivators driving the adoption of Industry 5.0 technologies 

by supply chain professionals in the Finnish manufacturing sector 

1.5 Scope of the research 

Identifying the research scope is an essential element in research design. The study focuses on 

a single geographical boundary: Finland. During the primary data collection stage, the study 

does not extend beyond the Finnish borders. By limiting the research to the Finnish context, 

the researcher aims to identify relevant results for Finland. 

Within Finland, the study focuses on the manufacturing sector, which contributes 

approximately 80 billion euros annually to Finland's GDP and accounts for 13% of total 

employment. Consequently, activities related to the service sector are excluded from the study. 

The scope is further narrowed by focusing exclusively on supply chain management (SCM) 

functions within the manufacturing sector. As a result, functions such as finance, sales and 

marketing, human resources, and other non-SCM areas are identified as outside the scope of 

the study. 

Additionally, the study focuses on Industry 5.0 and Industry 4.0 technologies within the context 

of industrial revolutions, with no emphasis placed on earlier industrial revolutions. 

1.6 Overview of the thesis 

The thesis is organized into seven chapters as follows. 

Chapter 1, the introduction, includes the background, research objectives, research gap, and 

specific information on Industry 4.0 and 5.0. Aligned with the background and research 

objectives, the subsequent chapters cover other areas, such as the context of the Finnish 

manufacturing sector, supply chain management (SCM) in manufacturing, and more. 

Chapter 2, the literature review, provides a comprehensive understanding of areas such as 

supply chain management, the Finnish manufacturing sector, Industry 4.0 in supply chain 

management functions, and Industry 5.0 in supply chain management functions. This chapter 
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focuses explicitly on comparing Industry 4.0 and 5.0 within the supply chain management 

sector. 

Chapter 3, the methodology section, offers an overview of the research methodology and a 

brief introduction to the study area and the data used. Saunder's Research Onion is referenced 

to develop the overall research methodology. Additionally, this section critically explains the 

interview protocol used for the study. 

Chapter 4, the analysis section, primarily discusses the analysis process completed using data 

collected through interviews. It begins with the initial data processing activities and explains 

insights derived from the interviews. The analysis is conducted using NVivo, a qualitative data 

analysis software. Further the chapter includes discussion, implications and limitations of the 

study. It also provides suggestions for future research in the field. 

Chapter 5, the discussion section provides an overview of findings. Each challenge and 

motivator identified during the analysis are compared with existing literatures. Additionally 

theoretical and managerial implications are discussed in this section by exploring the 

practicality of findings.    

Chapter 6, the last chapter of the study, includes a conclusion drawn from the research. It 

provides a snapshot of the total study. Additionally, the section includes limitations found 

during the study and opportunities for future research works.  
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2 Literature review 

The literature review section is structured under six main areas: Supply chain management 

aspect of the Finnish manufacturing sector, Industry 4.0 in Supply Chain Management 

functions, Industry 5.0 in Supply Chain Management functions, Comparison between Industry 

4.0 and 5.0 in Supply Chain Management sector, Challenges link with transition from Industry 

4.0 to industry and finally Motivation for the transition from 4.0 to 5.0. the content includes 

the latest, relevant, and quality research activities corresponding to each Global and Finnish 

area.    

2.1 Finnish manufacturing sector 

Manufacturing has been recognized as a major pillar of the global economy, evolving in design, 

operations, ecosystems, advanced technologies, and innovative business models. As a dynamic 

sector, manufacturing also plays a vital role in Finland's economy. The sector accounts for 50% 

of Finnish export market and 70% of private R&D investment (Pihlajamaa, Malmelin and 

Wallin, 2023). Over the past decade, the Finnish manufacturing sector contributed nearly 30% 

to the country's GDP, averaging 80 billion euros annually and reaching its highest-ever 

contribution of 100 billion euros in 2007 (Statistics Finland, 2024). The sector generates 13% 

of employment opportunities, accounting for half of Finland's total exports. Finland's dense 

forest coverage has significantly contributed to its rise as an industrial nation, helping establish 

its global presence. The country has diversified into various industries, creating a strong 

Finnish trademark. Industries such as paper, wood, and biomass are linked to Finland's forests, 

while other prominent sectors include metals, machinery, ICT, chemicals, and more (Kander 

et al., 2019). 

Following the collapse of the Soviet Union in the 1990s, Finland experienced a manufacturing 

boom, leading to the emergence of giants like Nokia, Kone, and UPM. Supply chain 

management (SCM) integrates the flow of materials to ensure cost efficiency, quality, and 

agility in manufacturing processes. The Finnish manufacturing sector's supply chain has 

developed significantly over time, with customers' demand becoming increasingly specific 

(Oikarinen, 2021). Innovation in supply chain management determines how well 

manufacturers can deliver products to end consumers while securing a competitive market 

position. Process integration in planning, forecasting, procurement, inventory management, 

distribution, and customer service helps establish a seamless manufacturing environment 
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(Spens and Wisner, 2014). Finland's geographical location has created unique trade and supply 

network conditions compared to other European countries. Bordering Russia, Finland 

historically enjoyed a more advantageous supply network than other Nordic countries, 

benefiting from low-cost energy sources purchased from Russia, which powered much of its 

manufacturing at a reduced production cost. However, the Russia-Ukraine war disrupted the 

entire supply network, forcing the Finnish government to reduce energy dependency on Russia 

and shift focus to renewable green energy sources (Finland 2023 Energy Policy Review, 2023). 

As a major energy consumer, the manufacturing sector must play a critical role in adopting 

green energy to align with Finland’s goal of becoming the world’s first carbon-neutral nation 

by 2035. Technological advancements in supply chain management are pushing the 

manufacturing sector into the next phase, optimizing supply chain operations. A company's 

budget and efforts toward research and development (R&D) reflect the importance of 

innovation and future business success. The Finnish manufacturing sector progressively invests 

in innovation, technology-driven applications, and knowledge to foster digital transformation. 

According to 2022 census data, over 85% of the innovations reported that year came from 

manufacturing. The figure highlights the significant efforts of the Finnish manufacturing 

industry in driving innovation, through increased automation, digitalization, and the integration 

of advanced technologies. The sector has experienced four industrial revolutions and is now 

entering the fifth. While the Fourth Industrial Revolution (Industry 4.0) focused on advancing 

conventional manufacturing by integrating digital technologies, the Fifth Industrial Revolution 

(Industry 5.0) emphasizes a more sustainable, human-centric approach. Industry 4.0 and 5.0 

technologies enhance operational efficiency, increase supply chain flexibility, reduce lead 

times, lower logistics costs, and improve customer service. 

2.2 Industry 4.0 and Industry 5.0 

Industry 4.0 aims to advance conventional manufacturing and service practices by integrating 

them with digital technologies, pushing the industry toward more sophisticated manufacturing 

processes. Introduced by Germany in 2011 as part of an economic strategy, Industry 4.0 has 

since evolved, driving business transformation across numerous industries. This transformation 

combines traditional processes with digital technologies such as the Internet of Things (IoT), 

big data analytics, artificial intelligence (AI), and cyber-physical systems. These technologies 

facilitate collaboration between technical and social aspects, aiming to create digitally powered 

advanced manufacturing facilities. The Internet of Things (IoT) is a critical global network 

connecting the physical and digital worlds through smart devices. These devices are embedded 
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with sensors, software, and other technologies, enabling this seamless connection. IoT helps 

increase operational efficiency, reduce lead times, lower logistics costs, and more. Big data 

analytics is another key technology in Industry 4.0, referring to the analysis of large data sets 

gathered from various sources. Comprehensive analysis techniques are essential as data 

becomes increasingly complex in terms of volume, variety, velocity, veracity, and value 

(Mohammadpoor and Torabi, 2020). According to Sahal, Breslin, and Ali (2020), Industry 4.0 

applications primarily use big data techniques to achieve two main objectives: ensuring 

maximum uptime throughout the production chain and increasing productivity while reducing 

production costs. Artificial intelligence (AI) is another significant component of the 

transformation in the Industry 4.0 era. 

AI enables the autonomous execution of tasks, including self-monitoring, interpretation, 

diagnosis, and analysis. It also allows for more accurate predictions, passive monitoring, and 

proactive process control, significantly improving manufacturing processes. Blockchain 

technology, too, is recognized as a key innovation in Industry 4.0. Its role has evolved with 

each generation, from serving as a cryptocurrency platform to enabling smart contracts and 

decentralized applications, and finally, functioning as a real-time public ledger and distributed 

database (Bodkhe et al., 2020). Blockchain enhances security, privacy, and data transparency 

in manufacturing and supply chains. The impact of Industry 4.0 technologies on supply chain 

management is substantial, with promising results anticipated in areas like supply chain 

integration, information sharing, and transparency. In addition to improving individual supply 

chain processes, these technologies enhance communication and visibility throughout the 

supply chain, driving overall performance improvements. 

Industry 5.0 is the next evolution of Industry 4.0, building upon its core principles. It 

emphasizes a more human-centric approach to manufacturing by allowing humans to focus on 

creative tasks while deploying intelligent machines to handle repetitive, monotonous, and 

labour-intensive operations. Importantly, these intelligent machines can work alongside 

humans and learn from them, creating a more user-friendly and resource-efficient 

manufacturing environment. The new digital supply chain practices associated with Industry 

5.0 lead to the creation of personalized customer supply chains, thereby improving customer 

satisfaction (Adel, 2022). Like Industry 4.0, Industry 5.0 is also driven by advanced 

technologies such as edge computing, digital twins, collaborative robots (Cobots), the Internet 

of Everything (IoE), blockchain, and 6G networks. Edge computing enables real-time data 

processing and analysis, critical in Industry 5.0 environments. Digital twin technology, another 
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leading innovation, allows for the virtual representation of physical objects, processes, or 

systems, facilitating better decision-making and optimization. Collaborative robots (Cobots) 

are another cornerstone of Industry 5.0, designed to work safely alongside humans. Cobots 

foster intelligent, adaptive human-machine interactions, contributing to a safer, more efficient 

workspace. The Internet of Everything (IoE), an evolution of IoT, extends beyond physical 

devices to include people, processes, and data, creating seamless interaction and 

communication among all elements within a network (da Costa, Oliveira, and de Souza, 2021). 

Implementing Industry 5.0 technologies in manufacturing requires substantial senior 

management involvement due to the significant capital, resources, and time needed for 

deployment. Despite these challenges, the benefits of increased collaboration between humans 

and machines, enhanced customization, and greater efficiency make Industry 5.0 a 

transformative force in modern manufacturing. 

When examining the evolution from Industry 4.0 to Industry 5.0, significant differences can be 

observed, primarily in their objectives, with moderate differences in their applications and 

technologies. The focus has shifted from a machine-centric approach in Industry 4.0 to a more 

human-machine collaboration model in Industry 5.0. This shift is becoming increasingly 

evident in supply chain management, where the Fourth and Fifth Industrial Revolutions have 

had a considerable impact. Industry 4.0 facilitates supply chain integration by enhancing 

information sharing and transparency. Its improved decision-making capabilities, driven by 

IoT and big data technologies, help increase customer satisfaction. In Industry 5.0, data 

collection from each supply chain node is further strengthened by advanced technologies like 

the Internet of Everything (IoE), which connects devices, people, and processes. Compared to 

Industry 4.0, Industry 5.0 offers more powerful data processing and analysis capabilities, 

leveraging edge computing and more advanced big data analytics. Some researchers have 

identified Industry 5.0 as a societal evolution, highlighting the interdependence between 

industry and society, which influences national and global economies. While Industry 5.0 

brings many benefits, such as enhanced collaboration, more personalized customer 

experiences, and greater resource efficiency, it also faces several challenges. These include 

slow technological adoption, lack of awareness, low technology maturity, high investment 

costs, insufficient training, and infrastructure limitations. Despite these hurdles, Industry 5.0 

presents an opportunity to build more resilient, human-centric systems that integrate 

technological advancements while addressing societal needs. 
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2.3 Supply chain management aspect of the Finnish manufacturing 

sector 

The manufacturing sector has been evolving in design, operations, ecosystems, and 

configurations, driven by new factors, advanced disruptive technologies, and innovative 

business models (ElMaraghy et al., 2021). World Bank statistics reveal that the Finnish 

manufacturing sector contributed nearly 30% to GDP over the last decade. The sector's value 

is approximately 80 billion euros, and it provides employment opportunities for 13% of the 

total labour market. In 2006 and 2007, the manufacturing sector reached the 100-billion-euro 

mark, representing its highest-ever contribution to the economy. After suffering a major 

setback following the 2008 economic recession, the sector has since contributed an average of 

80 billion euros annually. Over the last decade, growth in the sector has fluctuated between -

6.5% and 4%, and it now accounts for half of Finland’s total exports. 

Based on available research, the Finnish manufacturing sector has been studied primarily using 

data from before 1970. Finland's dense forest coverage has played a significant role in its rise 

as an industrial nation, helping to establish its presence globally. Over time, Finland diversified 

into various industries, building a strong Finnish trademark. Industries such as paper, wood, 

and biomass are directly connected to forests, while other prominent industries include metals, 

machinery, ICT, chemicals, and more (Kander et al., 2019). The global impact made by Finnish 

manufacturing giants like Nokia, Kone, and UPM highlights the success story of the 

manufacturing sector. (Lähdemäki, 2024), indicates that in Eastern Europe, including Finland, 

experienced a massive privatization boom in the 1990s after the collapse of the Soviet Union. 

As a result, most state-owned manufacturing companies were privatized and achieved 

operational efficiency through employment reductions. Productivity was gained through the 

immediate effectiveness of laying off excess staff. As the industry grew, capital investment and 

time were needed to expand the business, resulting in delayed responses to the market. When 

managing disruptions in the manufacturing sector, scholars evaluated the perceptions of 

manufacturing executives in Finland and found that they consider a balance between 

exploitative and explorative strategies. They aim to improve the firm’s capabilities and prepare 

for the future (Wallin, Pihlajamaa and Malmelin, 2021).   

 The Finnish government allocated a competitive R&D budget for innovation in the early 1990s 

and late 2000s compared to other Nordic countries, resulting in a higher number of patents per 

unit of GDP in Finland between 2000 and 2005 (Kander et al., 2019). The manufacturing sector 
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gained significant advantages through these innovations, particularly ICT applications. Over 

time, Finland has made substantial progress in the manufacturing sector and is striving to 

remain at the global forefront. Finland has identified the forest sector as a major part of the 

economy and developed strategies to double the value added by the bioeconomy (Lintunen et 

al., 2024). Innovations and new research have increased the potential for added value in the 

value chain. The industry has grown from traditional timber manufacturing to value-added pulp 

fibre, mechanical wood products, and other by-products. These new initiatives drive the 

bioeconomy toward achieving a €50 billion target by 2035. In contrast, newly emerged 

concepts like the circular economy (CE) have become challenging in certain areas, such as the 

construction of the wood industry in Finland (Husgafvel and Sakaguchi, 2023). As a member 

state, Finland must follow the sustainable energy guidelines set by the European Union. All 

manufacturing industries face a significant challenge in finding sustainable energy solutions to 

reduce their carbon footprint. High initial costs, technological limitations, and a lack of a skilled 

workforce are the main barriers to integrating sustainable energy solutions in the manufacturing 

sector (Favour Oluwadamilare Usman et al., 2024). 

The supply chain in Finland has significantly developed over time, and customers' 

requirements have become more specific (Oikarinen, 2021). As customers' needs become 

increasingly specific and complex, the supply chain sector is gaining more opportunities and 

playing a more critical role. Even in academia, scholars engage in supply chain-related research 

at the doctoral and master's thesis levels. According to (Arlbjørn, Jonsson and Johansen, 2008), 

most Nordic PhD research focuses more on testing supply chain theories than developing them, 

while technically proficient researchers focus more on manufacturers. In those supply chain-

focused studies, supply chain networks and using dyads, chains, or networks of organizations 

were identified as research issues. A collaborative research study in the USA revealed that the 

integration of processes, the measurement of supply chain performance, and outsourcing were 

critical issues during the study period. Finland scored better than the USA in the aspect of 

supply chain integration. In terms of supply chain integration, the highlighted areas include the 

use of Collaborative Planning, Forecasting, and Replenishment, the linking of suppliers and 

customers to Enterprise Resource Planning (ERP) systems, and the use of Vendor Managed 

Inventories (Spens and Wisner, 2014). The Finnish forest-related manufacturing sector is vital 

in expanding economic activities and introducing R&D initiatives. The term "industrial supply 

chain" is widely used in the forest industry, which has adopted new supply chain practices such 

as the roadside chipping supply chain and the terminal chipping supply chain (Kärhä, 2011).  
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Finland's geographical position has created unique conditions in its trade and supply networks 

compared to other European countries. As an Eastern European country, Finland maintained 

an active supply chain network with Russia before the Ukraine war. Before the war, both 

countries' Purchasing and Supply Management (PSM) capabilities were positively influenced 

by long-term planning, collaborative supplier relationships, and effective supply management 

capabilities (Lintukangas et al., 2010). In the sanctions-imposed post-war period, Finland faced 

a few challenges in the energy sector due to its energy purchases from Russia. Finland benefited 

from lower-priced LPG, motor fuel, and electricity from Russia. However, Maxwell stated that 

Finland does not face a major energy dependency threat from Russia concerning primary 

energy imports (Jääskeläinen et al., 2018). However, energy dependence became a key issue 

in the post-war period, and Finland invested in renewable energy to reduce this dependency 

and simultaneously achieve green energy targets. (You, Salmi and Kauppi, 2018) revealed that, 

the Finland makes small investments when establishing sourcing operations, especially in the 

African region, compared to leading global suppliers like China.  

As a key practice, sustainability is widely embraced in Finland and measured across overall 

business operations. Sustainable Supply Chain Management (SSM) represents a significant 

share of a firm's overall sustainability performance. Sustainable initiatives introduced upstream 

of the supply chain are expected to spread throughout the entire supply chain (Kähkönen, 

Lintukangas and Hallikas, 2018). Even though sustainability received little attention in the food 

manufacturing industry a decade ago, it has become a key driver behind supply chain decisions 

and strategies. The reason is that manufacturers must respond to the market's and other 

stakeholders' sustainability requirements (Kähkönen and Lintukangas, 2022). The transition 

from a linear economy to a circular economy (CE) has become a promising sustainable solution 

in the Finnish supply chain context. According to (Kähkönen, Lintukangas and Hallikas, 2018), 

key stakeholders share a joint interest in promoting a sustainable circular economy and are 

actively taking steps to make it a reality. 

Innovation and technological advancements are integral to Finnish manufacturing culture. 

Additive manufacturing (AM), commonly known as 3D printing, is utilized by some Finnish 

manufacturing firms in their production systems and supply chains. The study revealed that 

supply chain-level innovations are necessary to fully leverage additive manufacturing in 

Finland. Furthermore, the study anticipates innovations in business processes, technology, and 

supportive changes in the business environment (Luomaranta and Martinsuo, 2020).  
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2.4 Industry 4.0 in supply chain management functions. 

Industry 4.0 was initially developed by Germany while strategizing a new economic policy in 

2011. The primary focus of the concept was to advance conventional manufacturing or 

servicing practices by integrating them with digital technologies, thereby pushing the industry 

toward more advanced manufacturing. After its initial conceptualization, Industry 4.0 has 

evolved, leading to ambiguity around a universally accepted definition (Culot et al., 2020). 

Industry 4.0 drives business transformation in automotive, logistics, aerospace, defence, and 

energy (Ghadge et al., 2020). The realization of lean and just-in-time production through 

digitization is a key outcome of Industry 4.0 (Jan et al., 2023). (Prodi et al., 2022) indicates 

that, Industry 4.0 emerges from the complex collaboration between technical and social 

aspects, aiming to transform advanced production processes digitally. For transformation, 

processes are combined with digital technologies like the Internet of Things (IoT), big data 

analytics, artificial intelligence (AI), and cyber-physical systems.   

The Internet of Things (IoT) is a fundamental technology for Industry 4.0. IoT primarily acts 

as a global network connecting the physical and digital worlds through smart devices. Devices 

are embedded with sensors, software, and other technologies to enable this connection. 

Through IoT applications, firms aim to enhance the visibility of goods movement, data capture, 

partner communication, and business intelligence within the supply chain context (Mastos et 

al., 2021). IoT-driven supply chain frameworks encompass various aspects, including 

manufacturers, suppliers, logistics, and customers. These IoT resources increase operational 

efficiency, reduce lead times, lower logistics costs, and more. On the contrary, identified 

challenges associated with IoT applications include technology selection, data management, 

cybersecurity, cultural resistance, and structural issues (Pasi, Mahajan and Rane, 2020).  

Big data analytics refers to analysing large data sets gathered from various sources. Data 

handled in big data analytics has six main characteristics: volume, variety, velocity, veracity, 

value, and complexity. The difference between traditional and big data analysis lies in the 

magnitude of the data set. Advanced technical infrastructures are needed to store, process, 

model, and transfer data during the analysis. In data-intensive industries like oil refining, big 

data analytics enhances processes in technical operations and occupational health and safety 

(Mohammadpoor and Torabi, 2020). (Sahal, Breslin and Ali, 2020) revealed that, the industry 

4.0 applications aim to achieve two main objectives primarily using big data techniques: 

ensuring maximum uptime throughout the production chain and increasing productivity while 
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reducing production costs. Therefore, big data analytics is crucial in evolving a data-driven 

economy and achieving these objectives. (Mohammadpoor and Torabi, 2020) stated that, 

challenges associated with big data analysis include a need for more business support and 

awareness. In addition, big data applications are hindered by data quality issues and the 

difficulty of understanding the complexity of the problems involved. 

Artificial Intelligence (AI) is a key component of industry transformation in the industry 4.0 

era. Autonomous execution of tasks, including self-monitoring, interpretation, diagnosis, and 

analysis, are key enablers of AI-based technologies such as Machine Learning (ML) and Deep 

Learning (DL). As a result of this smart diagnostic process, manufacturers can predict 

maintenance needs and reduce downtime (Ahmed, Jeon and Piccialli, 2022). (Bécue, Praça and 

Gama, 2021) indicate that, Artificial Intelligence (AI) enables a shift from passive monitoring 

to prescriptive optimization and even proactive process control. Regarding challenges, existing 

research has primarily focused on AI-related security issues. Additionally, more attention must 

be given to addressing the industry's lack of research and the insufficient monitoring of human-

machine interactions. When adopting Artificial Intelligence (AI) solutions in the context of 

Industry 4.0, different industries often receive specific solutions for common problems. 

Applying these tailored solutions across the industry can be challenging and requires different 

adoption strategies (Jan et al., 2023).        

Machine Learning (ML) is a key Artificial Intelligence (AI) technology in the Industry 4.0 

paradigm. Collecting large data sets through smart devices is a crucial activity in Industry 4.0-

driven production environments. The primary role of Machine Learning (ML) techniques is to 

process this collected data and generate actionable intelligence to improve manufacturing 

efficiency. Machine Learning (ML) techniques can also provide predictive insights and 

intelligent decision support. These insights enhance manufacturing-related tasks, including 

continuous inspection, predictive maintenance, quality improvement, process optimization, 

supply chain management, and task scheduling (Rai et al., 2021). In addition, Machine 

Learning (ML) contributes to achieving sustainable manufacturing targets. Interest in Machine 

Learning (ML) has significantly increased since introducing the Industry 4.0 concept (Cioffi et 

al., 2020). While delivering all positives, challenges remain in machine learning (ML) 

techniques, including big data curation, storage, understanding, data reasoning, and 

cybersecurity aspects (Rai et al., 2021). 
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Blockchain is recognized as another innovative technology in the Industry 4.0 era. The first 

generation of blockchain was introduced in 2009 along with the Bitcoin network. Over time, 

blockchain has evolved to the fourth generation, playing a pivotal role in the Industry 4.0 era. 

The role of blockchain has changed with each generation, ranging from being a cryptocurrency 

platform to enabling smart contracts and decentralized applications and finally serving as a 

public ledger and distributed database in real time (Bodkhe et al., 2020). Blockchain 

technology enhances security, privacy, and data transparency in supply chain and 

manufacturing contexts. Moreover, blockchain creates an unchangeable database collected 

through smart devices, protects the identity of data providers, and ensures a safe and 

trustworthy digital identity (Javaid et al., 2021). The goal of Industry 4.0 is making decisions 

without human interference, using data gathered by connected computers and machines. 

Blockchain technology drives Industry 4.0 by enabling efficient data management, 

connectivity, and digitization (Aoun et al., 2021). According to (Bodkhe et al., 2020), 

blockchain technology can address existing technical challenges such as scalability, robustness, 

data storage, network latency, immutability, and traceability.  

The impact of Industry 4.0 technologies on supply chain management performance is 

significant, with a holistic improvement in supply chain management (SCM) expected. 

Promising results are anticipated in areas such as supply chain integration, information sharing, 

and transparency throughout the supply chain. Additionally, substantial performance 

improvements are expected in individual supply chain processes like procurement, production, 

inventory management, and retailing. Process integration, digitization, and automation are the 

key actions driving this transformation (Fatorachian and Kazemi, 2021). From a warehouse 

perspective, Industry 4.0 can improve inventory levels and reduce costs. These improvements 

are achieved through cloud-enabled inventory management practices and RFID technology. 

Moreover, these technologies enhance information sharing and tracking by improving 

communication and visibility throughout the supply chain. Additionally, Industry 4.0 

technologies boost supply chain efficiency and customer satisfaction through data-driven 

decision-making and improved responsiveness. Integrating processes across the value chain is 

a crucial element of Industry 4.0, enabling real-time predictive, synchronized, and collaborative 

end-to-end planning. Existing businesses must take swift action to adopt Industry 4.0 principles 

to remain competitive in today's dynamic market (Ghadge et al., 2020). According to (Mastos 

et al., 2021), Industry 4.0 technologies can be utilized in developing circular economy solutions 

to achieve quantifiable savings, such as improving the availability of personnel by 5% to 15% 



24 
 

and fleet resources by 15%. From a sustainable supply chain perspective, Industry 4.0 has the 

potential to improve economic, social, and environmental sustainability (Mastos et al., 2020). 

2.5 Industry 5.0 in supply chain management functions. 

Industry 5.0 is the next generation of Industry 4.0, built upon its principles. The objective of 

Industry 5.0 is to leverage human creativity in collaboration with intelligent machines. While 

machines (robots) handle repetitive tasks, human involvement is focused on creativity and 

problem-solving (Maddikunta et al., 2022). As a result, the manufacturing environment 

becomes more user-friendly and resource-efficient, and robots can work alongside humans, 

helping them perform tasks. A more personalized manufacturing environment is expected with 

this new generation, empowering humans. Among the themes related to Industry 5.0, human-

machine connectivity and co-existence have gained the most attention (Akundi et al., 2022). 

Ultimately, this leads to improved human well-being and the creation of a human-centric 

manufacturing system. Moreover, Industry 5.0 is characterized by human-centricity, 

sustainability, and resilience (Leng et al., 2022).  

Industry 5.0 applications can be found in intelligent healthcare, cloud manufacturing, supply 

chain management, and manufacturing production. These sectors are often identified as human-

intensive industries (Maddikunta et al., 2022). Furthermore, manufacturing, healthcare, supply 

chain, and education have been identified by (Leng et al., 2022) as key applications. Studies 

show that agility has become a key requirement for a robust supply chain network due to the 

disruptive nature of the sector. Unpredictable phenomena caused by war, pandemics, and 

climate change lead to disruptions in supply chains. Industry 5.0 enhances the agility of supply 

chain networks by fostering human-machine collaboration (Agrawal et al., 2024). Smart 

hospitals and manufacturing plants are becoming increasingly popular in Industry 5.0 

applications. Within the smart hospital concept, remote monitoring systems with real-time 

capabilities are available for patients and the healthcare sector. More sustainable initiatives can 

be introduced in the manufacturing sector using additive manufacturing technology. In supply 

chain management, hyper-personalization or hyper-customization is becoming more prevalent 

with smarter machines like collaborative robots (Cobots). The new digital supply chain 

practices associated with the industry 5.0 revolution lead to the creation of personalized 

customer supply chains, improving customer satisfaction (Adel, 2022).  

Like Industry 4.0, Industry 5.0 is also driven by leading technological developments, including 

edge computing, digital twins, collaborative robots (Cobots), the Internet of Everything (IoE), 
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blockchain, and 6G networks (Maddikunta et al., 2022). Moreover, (Agrawal et al., 2024) have 

identified additional Industry 5.0-related technologies, including digital drugs and additive 

manufacturing, particularly in supply chain applications. Edge computing enables real-time 

data processing and analysis, which plays an essential role in the context of Industry 5.0. 

Activities are carried out at the network's edge to deliver maximum user benefits closer to the 

data source. Industry 5.0 can access and communicate information through edge computing 

within the industry (Sharma, Tomar and Hazra, 2024). Digital twin technology is another 

leading innovation used in the Industry 5.0 revolution. This technology allows for the virtual 

representation of any physical object, process, or system. The replication is an exact mirror of 

its real-world counterpart, updated in real-time. Sensors and other connected devices provide 

the data needed to create the virtual replica, enabling large-scale simulations for analysis, 

testing, and decision-making. (Balogh, Földvári and Varga, 2023) revealed that, digital twins 

assist in optimizing overall engineering performance. It is essential to model the physical 

system and its behaviours. Modelling behaviour is more challenging than modelling the 

physical system. These new modelling approaches involve complex process characteristics 

such as interoperability, reconfigurability, man-machine collaboration, and self-optimizing 

production. 

Collaborative robots (Cobots) are advanced robotic technology that allows robots to work 

alongside humans. Existing industrial robots are often described as large, fast, and requiring 

physical separation from humans for safety reasons. Collaborative robotic technology creates 

a safe, intelligent, and adaptive human-machine interaction in the Industry 5.0 revolution. 

(Zafar, Langås and Sanfilippo, 2024) revealed that, collaborative robotics technology enhances 

human capabilities by elevating robots to the role of team members. The Internet of Everything 

(IoE) is an evolution of the Internet of Things (IoT). In the IoE context, integration extends 

beyond physical devices to include people, processes, and data within a network. As a result, 

IoE enables seamless interaction and communication among everything (devices, people, 

processes, and data) across the entire system (da Costa, Oliveira and de Souza, 2021).   

In the post-COVID-19 pandemic era, Industry 5.0 has received increasing attention due to the 

disruptions that occurred in supply chains. The need to reconfigure supply chain networks was 

identified to ensure long-term sustainability. During the implementation of Industry 5.0, 

industries encountered challenges such as a lack of support from senior management and 

insufficient financial backing from investors (Mastos et al., 2020). In addition, a considerable 

amount of time is often needed to develop human competency to adapt to new technology. 
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Working with industrial robots will be a new experience for the existing workforce. 

Customizing processes has become another challenge for technical teams (Adel, 2022). Figure 

1 illustrates four challenges faced by the Industry 5.0 revolution: limitations of current research, 

social barriers, technical challenges, and others. As an emerging concept, scholars and 

industries must conduct more high-quality research. Potential changes in the social system may 

create issues, and the right policies must be established to manage these situations. From a 

technological perspective, Industry 5.0 requires heterogeneity of systems and a human-centric, 

value-driven technology transformation, which brings additional challenges and complexities. 

Other challenges include the interdisciplinarity of research content, the transnationality of 

value systems, and the privacy and security of data circulation (Leng et al., 2022). 

 

Figure 1 Limitations, Barriers, and Challenges towards Industry 5.0 

Figure 1: Adopted and modified from Leng et al., 2022 

2.6 Comparison between I4.0 & I5.0 in the supply chain management 

sector 

Industry 4.0 is a concept that brings digitization to conventional practices, aiming to achieve 

process efficiency, sustainability, and improved decision-making. Applications of Industry 4.0 

are widely visible in fields such as manufacturing, supply chain management, retail, and some 

service sectors. Technology is a key aspect of the Fourth Industrial Revolution, leading to 

increased automation, mass manufacturing, and enhanced machine capabilities (Culot et al., 

2020) Industry 5.0 is an advanced version of Industry 4.0, focusing on greater collaboration 
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between humans and machines. In Industry 5.0, machines are designed to work alongside 

people, learning from and supporting each other. Advanced technologies are employed to push 

existing processes further, making this human-machine collaboration a reality (Akundi et al., 

2022). When examining the evolution from Industry 4.0 to Industry 5.0, significant differences 

can be observed primarily in their objectives, with moderate differences in their applications 

and technologies. The objective has shifted from a machine-centric approach to a focus on 

human-machine collaboration.  

From a technical perspective, Industry 4.0 utilizes technologies such as the Internet of Things 

(IoT), big data analytics, artificial intelligence (AI), blockchain, and other cyber-physical 

systems. Data is vital, as large volumes are collected and analysed from IoT devices. Big data 

analytics and machine learning (ML) techniques manage these large datasets, extracting 

valuable insights. AI then leverages these analysed results to support effective decision-

making, predictions, and interpretations. Additionally, blockchain technology enhances 

security, privacy, and transparency in data transfer and collection processes (Mastos et al., 

2021). Industry 5.0 is driven by many of the same technologies used in Industry 4.0, along with 

additional advanced technologies such as edge computing, digital twins, collaborative robots 

(Cobots), additive manufacturing, and the Internet of Everything (IoE). Since the objective is 

to create more human-centric outcomes, Industry 5.0 incorporates more efficient, faster, and 

sophisticated technologies. Real-time data access and analysis have been enhanced through 

edge computing and IoE tools (Maddikunta et al., 2022). Digital twin technology is also 

employed to obtain more accurate real-time data, replicating it in virtual environments. This 

enables large-scale simulations for analysis, testing, and decision-making. Collaborative robots 

(Cobots) bring a new dimension to Industry 5.0, making human-machine collaboration a 

reality. 

Additionally, the Internet of Things (IoT) has evolved, integrating not only with physical 

objects but also with people, processes, and data, leading to the emergence of the Internet of 

Everything (IoE). Furthermore, 6G technology enables significantly higher network speeds in 

Industry 5.0 compared to Industry 4.0. The use of artificial intelligence (AI), blockchain, and 

machine learning (ML) techniques is prevalent in both industrial revolutions (Balogh, Földvári 

and Varga, 2023). 

The impact of the Fourth and Fifth Industrial Revolutions is increasingly evident in the context 

of supply chain management. The supply chain integration facilitated by Industry 4.0 leads to 
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enhanced information sharing and transparency throughout the process, which supports 

adopting sustainable supply chain practices. These advancements have significantly influenced 

key supply chain functions, such as procurement, inventory management, warehousing, and 

planning(Hofmann et al., 2019). Improvements in these areas, particularly in inventory 

management, have contributed to cost reduction and enhanced visibility. Moreover, the 

improved decision-making capabilities enabled by Industry 4.0 can increase customer 

satisfaction. Industry 4.0 also plays a crucial role in promoting a circular economy, helping to 

conserve resources and reduce physical effort. With the advent of the Fifth Industrial 

Revolution, supply chain management has garnered even more attention, leading to further 

advancements. Data collection from each supply chain node has been strengthened in Industry 

5.0 through advanced technologies like the Internet of Everything (IoE). Compared to Industry 

4.0, Industry 5.0 offers more powerful data processing and analysis capabilities, thanks to edge 

computing and big data analytics. Simulation, a key activity in any supply chain network or 

function, benefits greatly, enabling better forecasts, more accurate predictions, and improved 

outcomes. Industry 5.0 supports the creation of advanced simulations through IoE and digital 

twin technologies. As a result, the accuracy of decision-making in the Fifth Industrial 

Revolution surpasses that of the Fourth, leading to reduced waste, fewer errors, and less rework 

within the supply chain.   

(Minculete, Bârsan and Olar, 2021) state that, the transition from Industry 4.0 to Industry 5.0 

is not accidental but rather a result of societal evolution from Society 4.0 to Society 5.0. 

Industry and society are dependent and interdependent, influencing each other and impacting 

national and global economies. Social evolution highlights the changes needed in various 

industrial sectors to adapt to new societal demands. Figure 2 illustrates the changes in societal 

aspects at each stage of this evolution and provides a foundation for understanding the 

fundamental differences between Industry 4.0 and Industry 5.0. 
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Figure 2 Evolution of social aspects from Society 4.0 to Society 5.0 

Figure 2: Adopted and modified from (Minculete, Bârsan and Olar, 2021) 

Mass production was a key focus in Industry 4.0, with machines and processes in 

manufacturing environments designed to achieve a large production output. Human 

involvement in manufacturing activities was minimized, with an emphasis on mass 

productivity and performance improvement through machinery powered by machine learning 

(ML) techniques. However, this approach contrasts sharply with that of Industry 5.0, where 

mass customization is prioritized to enhance customer satisfaction. Instead of reducing the 

human presence in manufacturing, Industry 5.0 combines human creativity with advanced 

intelligent machines, allowing them to work collaboratively. As a result, Industry 5.0 enables 

high-quality production by assigning monotonous tasks to machines while leaving tasks that 

require creativity to humans. In addition, Industry 5.0 promotes more skilled job opportunities, 

particularly among intellectual professionals. The emphasis on green solutions is also more 

significant in Industry 5.0 compared to the transition seen in Industry 4.0 (Maddikunta et al., 

2022).   
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2.7 Challenges link with transition from I4.0 to I5.0 

According to historical trends, industrial revolutions have generally progressed slowly when 

transitioning from one to another. It has often taken decades or even centuries for disruptive 

technologies to emerge, which can completely revolutionize entire industries, resulting in a 

significant leap forward. Mere incremental innovations rarely lead to the emergence of an 

industrial revolution; only a few breakthroughs can achieve this (Raja Santhi and 

Muthuswamy, 2023). The technology-intensive nature of the last two industrial revolutions 

reveals that aggressive, disruptive technological innovations are necessary to achieve the 

intended outcomes of Industry 5.0. Therefore, the biggest challenge is refining existing digital 

technologies to collaborate effectively with humans while pursuing new technological 

breakthroughs. For instance, (Jefroy and Azarian, 2022) have revealed that in the context of 

Industry 5.0, the interaction between humans and technology in the logistics sector is 

significantly enhanced, with the use of more advanced technologies such as human-machine 

systems, collaborative robots, and human-robot collaboration. Adopting and developing these 

technologies requires considerable time, resources, and capital. 

Industry giants often take the first step in new revolutions, while others gradually follow their 

lead. The results demonstrated by early adopters motivate followers and other interested 

parties. In general, small and medium-sized businesses have yet to fully recognize the potential 

of the Fourth Industrial Revolution (Raja Santhi and Muthuswamy, 2023). Absorbing small 

and medium-scale organizations is challenging under these circumstances.  

In the context of Industry 5.0, scholars predominantly emphasize a human-centric approach, 

aiming to reintroduce the human touch into the manufacturing industry. Some researchers even 

prefer to rephrase Industry 5.0 as "Society 5.0" due to its focus on human-centricity. According 

to (Mourtzis, Angelopoulos and Panopoulos, 2022), three key challenges must be addressed 

from a societal perspective: human-oriented action, sustainable development, and the physical-

to-digital-to-physical loop. The first challenge, human-oriented action, primarily concerns 

individuals, particularly employees. It involves the technical competencies required to work 

alongside robots and the mental resilience to perform such tasks. The second challenge, 

sustainable development, can be viewed more as a motivation than a challenge. Industry 5.0 

places greater emphasis on sustainable development, with a focus on resource optimization and 

process efficiency. However, societal pressure to achieve sustainable development poses a 

greater challenge in Industry 5.0 compared to Industry 4.0. Finally, the physical-to-digital-to-
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physical loop pertains to technology-related issues, highlighting the complexities of integrating 

physical and digital systems within the industry. 

Establishing the proper interaction between machines and operators is a key requirement of 

Industry 5.0. Acquiring robotics and artificial intelligence knowledge is essential for effective 

collaboration with machines. Organizations are responsible for providing adequate employee 

training opportunities, enhancing communication, and motivating them to interact 

interactively. Leadership skill development programs are implemented to foster proactive 

behaviour among employees (Moreno-Marcial et al., 2024). Adopting new technology is 

essential to remain competitive in the market, especially for the Small and Medium-sized 

Enterprises (SME) sector, which is the driving force behind many industries. Proactively 

embracing technology is crucial, particularly in technology-driven revolutions like Industry 5.0 

(Moreno-Marcial et al., 2024). As a result, the slow pace of technology adoption becomes a 

challenge for the SME sector.  

When evaluating new investments, organizations primarily consider budget, cost, and time 

(Sony, 2020). The capital costs associated with Industry 5.0 include high-tech implementation 

and employee training, hardware and software, initial installation, digital infrastructure, and 

R&D expertise. Consequently, securing the necessary initial capital can be challenging, 

especially if the payback period is long and the ROI is limited. Once the initial capital hurdles 

are overcome, organizations focus on installing new technological and ICT infrastructure. This 

phase involves decommissioning existing machinery, determining new equipment 

requirements, managing sourcing activities, commissioning new machinery, testing, and more. 

In many organizations, existing production is rarely compromised during the commissioning 

of new machinery. ICT infrastructure is crucial for seamless integration with technological 

systems, enabling smooth horizontal, vertical, and end-to-end integration for Industry 5.0 

(Kankekar, Dadwal and Ali, 2023). 

In brief, the challenges related to Industry 5.0 can be summarized as slow technological 

adoption, lack of awareness, low technology maturity, high investment costs, insufficient 

training, infrastructure issues, and more. 
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2.8 Motivation for the transition from industry 4.0 to 5.0 

Industry 5.0 is an industrial transition and a societal transition that can unfold unprecedented 

opportunities for establishing a highly intelligent global society (Maddikunta et al., 2022). 

Achieving sustainable development through efficient resource consumption, waste elimination, 

and process improvement has become a critical societal focus (Leng et al., 2022). While 

Industry 4.0 primarily emphasizes sustainable material consumption, Industry 5.0 extends this 

focus to include the sustainability of people and processes. The rapid automation of processes 

under Industry 4.0 raised concerns about employment opportunities, leading to significant 

layoffs. However, by reintroducing the human element in the manufacturing environment, 

Industry 5.0 has alleviated societal pressure related to job losses. In the fifth industrial 

revolution, intellectual professionals and machine operators are presented with more 

opportunities, encouraging people to embrace this new era (Maddikunta et al., 2022). 

Re-establishing the human touch in operations is a prominent theme in Industry 5.0 discussions. 

While machines are employed for monotonous tasks, human intervention is focused on creative 

and unique activities. The right collaboration between humans and machines enables the 

delivery of hyper-customized products tailored to customer requirements (Adel, 2022). This 

approach to mass customization enhances customer satisfaction and encourages industries to 

adopt Industry 5.0 practices. Data plays a pivotal role in decision-making and predictions, 

enabling the determination of accurate results. Industry 5.0 enhances data handling by 

collecting high-quality raw data through the Internet of Everything (IoE), analysing it with Big 

Data analytics, and modelling it using artificial intelligence (AI). As a result, simulations in 

Industry 5.0 offer more accurate predictions (Mastos et al., 2021). In manufacturing, these 

accurate predictions lead to improved planning and maintenance schedules. The manufacturing 

sector can greatly benefit from these features enabled by Industry 5.0. 

Industry 5.0 technologies enable better decision-making than Industry 4.0, particularly in 

supply chain functions such as procurement, inventory management, warehousing, and 

planning. These improved decisions are more accurate, swift, relevant, and logical due to 

advanced data collection, processing, analysis, and interpretation tools. As a result, better 

decisions lead to higher-quality outputs, increasing customer satisfaction with products and 

services (Raja Santhi and Muthuswamy, 2023). Manufacturing and supply chain-related 

industries can leverage this enhanced decision-making power to gain a competitive advantage 

and attract customers.  
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Off-shoring has been a popular strategy among national and multinational companies for 

decades, primarily to source products and services at relatively lower costs. However, the 

success of this strategy heavily depends on having a robust supply chain network. 

Unfortunately, uninterrupted supply chains have been rare across many industries, even when 

higher costs are involved. The supply chain disruptions experienced during the COVID-19 

pandemic and the post-pandemic era highlighted the critical need for supply chain flexibility. 

As a result, many industries have begun exploring re-shoring and near-shoring options to 

establish more flexible supply chain networks. Industry 5.0 offers more resilient, efficient, and 

flexible supply chain management opportunities using technologies such as collaborative 

robots (Cobots) and additive manufacturing. In summary, enhancing supply chain flexibility is 

a key outcome achievable through Industry 5.0 integrations.  
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3 Methodology 

The methodology section outlines the scientific approach followed in this research. It details 

the methods used to extract and analyse data provided by the Finnish manufacturing sector's 

supply chain management (SCM) functions. The section is organized into three main parts, 

each focusing on a specific aspect of the methodological approach. This structure provides a 

clear and concise understanding of the procedures used to identify the challenges and 

motivations of recent industrial revolutions. 

• Exploration of the study area: The first part examined the statistical and economic 

background behind the study area selection. 

• Research paradigm and strategy: The second part discussed the research paradigm 

employed in the study, using Saunders' research onion model to provide context. 

• Interview protocol: The final part addressed the questionnaire's development and the 

details of the interview arrangements. 

3.1 Exploration of the study area 

The Finnish manufacturing sector is the focal point of this research, driven by the pressing need 

to maintain stability across all manufacturing industries in terms of output volume. According 

to 2024 statistics, Finland's population is reported at 5.6 million, with the female population 

slightly exceeding the male population by around fifty thousand. The unemployment rate is 

approximately 7%, and as of the 2022 census, nearly 2.4 million people were employed. The 

human health and social work sector accounts for 18% of employment, making it the most 

significant employment provider. The manufacturing sector contributes 13%, offering the 

second-largest share of job opportunities (Statistics Finland, 2024). This distribution highlights 

the social significance of the Finnish manufacturing sector. While the health and social work 

sector focuses primarily on societal well-being, the manufacturing sector provides employment 

opportunities with a primary focus on revenue generation. Over the past five years, the average 

income and production generated by the manufacturing sector has been 127 billion euros. It is 

the largest individual sector contributing to income and production, surpassing other industries 

(Appendix 1). As an individual sector, manufacturing wields significant financial influence on 

the Finnish economy (Statistics Finland, 2024). 

Furthermore, Finnish census data shows that the manufacturing sector has maintained steady 

growth except for minor fluctuations in the paper and pharmaceutical industries around 2020. 
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Additionally, the sector has increasingly invested in research and development (R&D) and 

information and communication technology (ICT)(Heilala, 2024). The Finnish manufacturing 

sector progressively invests in innovation, technology-driven applications, and knowledge to 

foster digital transformation (Statistics Finland, 2024). Figure 3, extracted from Statistics 

Finland, reveals that over 85% of the innovations reported in 2022 were registered within the 

manufacturing sector. These factors provide a strong rationale for conducting an in-depth study 

of the Finnish manufacturing sector in this research. 

 

Figure 3 Innovation activity of enterprises by  Industry, Year 2022 

Figure 3: Adapted and modified from statistics, Source data: Statistics Finland, innovation / 

Ref: 270_14r2_2022) 

3.2 Research paradigm and strategy 

The research paradigm used during the research can be divided into steps and explained using 

the research onion method developed by Saunders. The research methodology should be a 

systematic step-by-step approach with logical reasoning, and it should approach from the outer 

layer to the inner layer (Saunders, Lewis and Thornhill, 2019). The research philosophy is 

primarily described using two main principles, ontology and epistemology, reflecting the 

researchers' beliefs about the nature of reality (ontology) and the nature of knowledge 

(epistemology). From an ontological perspective, the research follows a "subjectivism" 

philosophy, as the researcher's perception shapes reality. The truth becomes subjective, shaped 
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by individual perceptions. The epistemological perspective of the study is "interpretivism," as 

it focuses on understanding individuals' subjective meanings and interpretations. Gathering 

socially constructed knowledge through understanding and interpretation is vital to this 

research. An "abductive" research approach is adopted, as the study explores a relatively new 

area without established theories. This approach begins with a surprising observation or puzzle 

and seeks the best explanation. The observations include the transition from Industry 4.0 to 5.0, 

and the puzzle consists of the challenges and motivators involved in this shift.  

The unavailability of a single global research approach leads researchers to choose a 

methodological strategy based on the research aim, objectives, the nature of the topic, and the 

research questions to identify, collect, and analyse information (Basias and Pollalis, 2018). 

Research processes are often viewed as a series of stages or interlocking elements, but more 

importantly, they are guided by the researcher’s beliefs, which influence their actions (Benson, 

2012). The methodological choice for this study is a mono-method qualitative approach. This 

method allows for a deep understanding of the participants, reduces the complexity of the 

study, and enhances its practicality (Creswell, 2014). Additionally, the qualitative approach 

helps to generate more confident results (Vivek, Nanthagopan and Piriyatharshan, 2023).   

The nature of this research involves interacting with subject experts and exploring their 

experiences. Since Industry 5.0 is a relatively new topic, allowing experts to be open by leading 

to the gathering of a large set of data. Conversational-style interactions with informants enable 

the revelation of new knowledge and rarely heard contexts. Accordingly, the qualitative 

approach aligns perfectly with the aims of this research (Vivek, Nanthagopan and 

Piriyatharshan, 2023; Zulkifli et al., 2023). 

Historically, qualitative research was initially popular in social sciences and anthropology, 

followed later by fields like geography, education, market research, and psychology. The scope 

of this study mainly falls under education and industry transformation. Carlier et al. (2003) 

described that the qualitative research method allows the collection of descriptive data on 

complex phenomena, the discovery of unique events, and, most importantly, the interpretation 

of the experiences of actors from a broad perspective. Additionally, qualitative research 

methods reveal untold and rarely heard stories. To obtain the best outcomes from qualitative 

research, researchers must reduce bias, minimize errors, and seek evidence that disconfirms 

hypotheses. Basias and Pollalis (2018) highlighted that qualitative methods are highly useful 

in business, strategic management, and technology-related research to identify, understand, and 
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analyse key strategic management factors and phases in relatively new research areas. Mwita 

(2024)’s list of strengths in qualitative methods includes flexibility, offering in-depth and 

detailed information, allowing the use of multiple data collection methods, and minimizing the 

risk of missing data (Ansari, S., Saleem, M. R., Tariq, A., Raziq, M. M., & Dost, 2024). In 

contrast, the list of weaknesses includes subjectivity, complex data analysis, challenges with 

ensuring anonymity, and, more importantly, the potential for researcher bias. Therefore, 

researchers must take precautions to manage these strengths and weaknesses when selecting 

their methodological approach.  

3.3 Interview protocol & sampling 

A semi-structured interview aims to provide more freedom to informants, allowing for natural 

responses. Additionally, this method allows more flexibility and increases the interactive nature 

of the interview. The researcher has the freedom to choose different forms of interviews, such 

as face-to-face or online. A main drawback of the online format is the difficulty in identifying 

non-verbal communication cues like facial expressions, gestures, and body language (Al 

Balushi, 2016). The use of video interview tools has evolved to largely mitigate this issue. 

Accordingly, primary data is collected through a series of one-on-one online interviews using 

a semi-structured questionnaire. The Microsoft Teams communication platform was used to 

schedule, conduct, and record video meetings. 

Naz, Gulab, and Aslam (2022) explained the key phases of developing a rich semi-structured 

interview protocol. Attention must be paid to identifying prerequisites, previously acquired 

knowledge, formulating a preliminary guide, pilot testing it, and then deriving the final version. 

Before commencing the interviews, a preliminary interview protocol was designed with the 

assistance of AI tools and modified based on the researcher’s previous experience and 

empirical data. Expert opinions were used to further improve the protocol in terms of 

practicality. 

Sampling is vital but has received limited attention in research discussions. A four-point 

approach in qualitative research leads to findings with implications for coherence, 

transparency, impact, and trustworthiness. The four-point approach includes defining a sample 

universe, deciding on sample size, selecting a sample strategy, and sample sourcing (Robinson, 

2014). The sample universe for this study consists of supply chain professionals in the Finnish 

manufacturing sector. A convenient sampling strategy gathers information from the 

manufacturer's perspective. At the interview scheduling stage, a cover letter (Appendix 1) was 
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shared to strengthen sample sourcing by including information regarding data confidentiality 

and work ethics. The analysis was conducted using qualitative thematic analysis with the help 

of the NVivo software tool. The themes identified during the analysis are mapped to the 

research objectives and the main research question. The recommendations section integrates 

critically highlighted themes with existing literature to provide comprehensive conclusions. 

After drafting the questionnaire, pre-testing is conducted to identify potential errors (Tariq, A., 

Sumbal, M. S. U. K., Dabic, M., Raziq, M. M., & Torkkeli, 2024). An improved version is then 

used for pilot testing with subject matter experts to finalize the questionnaire before its use in 

full-scale interviews. 

3.4 Respondent Selection 

Since the study focuses on the Finnish manufacturing sector, all respondents were 

representatives of Finnish manufacturing companies. Using a convenient sampling method, 

respondents were contacted through official emails. Request emails were sent only to supply 

chain professionals in managerial roles. No blue-collar employees were contacted, as the 

research focuses on planning and strategic levels. 

All respondents who participated in the interviews were managers representing supply chain 

planning, procurement, and operations functions. Additionally, all respondents were from 

medium (500 heads) or large-scale companies conducting business in Finnish and international 

markets. 

3.5 Data analysis strategy 

The study's analysis began with data preparation from video interviews. An initial task in this 

process was to prepare and refine the transcript data. Although Microsoft Teams offers an 

automated transcription option, a manual review and correction phase was necessary to ensure 

accuracy. Clean, error-free transcripts facilitate easier data handling once imported into NVivo 

software. 

As outlined in the methodology section, the interview protocol was designed with open-ended 

questions linked to the research objectives, particularly examining the challenges and 

motivators associated with the transition from Industry 4.0 to Industry 5.0. After importing the 

data into NVivo, each respondent's answers were carefully reviewed, allowing the 

identification of keywords, critical phrases, and notable information. These key pieces of 

information, termed "codes," were recorded in NVivo, which allows for linkage with individual 

respondents. Careful attention was given to code identification to ensure alignment with the 
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research questions and objectives, particularly around challenges and motivators. NVivo also 

provides options to record "case counts" (the number of respondents) and "code counts" (the 

frequency of responses), which helps identify the most significant codes. In total, 160 codes 

were identified in this study, with 58 codes associated with Objective One and 102 codes with 

Objective Two (see Appendix 2). 

Once coding was complete, the codes were sorted based on similarities. Codes with similar or 

related attributes were grouped into categories, a process that can be done within NVivo or via 

an exported file. Each group of related codes was assigned a common theme. Defining these 

themes is critical, as each theme must accurately represent the codes within its cluster. After 

multiple reviews, the 160 codes were organized into 14 themes. Seven themes represent 

Objective One, and the remaining seven correspond to Objective Two. 
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4 Analysis and results 
This chapter presents the study's analysis and results, detailing the process of coding and 

organizing information gathered from informants into themes. The section explains how these 

identified areas align with the research objectives.  Further, it synthesizes the collected data 

into results. The section includes research findings that are challenges and motivators 

associated with adopting industry 5.0 technologies. Four key challenges, three minor 

challenges, five key and two minor motivators are explained in detail.  The table 2 and table 3 

below illustrate the connections between codes, themes, and objectives.    
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Table 2 Objective 1 : Codes 

Objective 1. To identify the challenges faced by supply chain management professionals in the Finnish manufacturing sector during the transition from Industry 

4.0 to Industry 5.0 

 

 

Cluster 1 

(Strict regulatory 

compliances) 

Cluster 2 

(Insufficient 

technical 

preparedness) 

Cluster 3 

(Lack of 

competency and 

knowledge gap) 

Cluster 4 

(Difficulty in 

seamlessly integrating 

with legacy systems) 

Cluster 5 

(Data security & 

Privacy) 

Cluster 6 

(Focus on non-

SCM functions) 

Cluster 7 

(High 

Investment) 

Regulatory 

compliance 

Not Optimized I4.0 

processes 

 

The giant gap 

between I4.0 and 

I5.0 

 

Need more training 

 

Skill Gap 

 

Identifying the right 

balance (human-

machine) 

 

Compatibility with 

existing system 

 

Time and complexity 

in adopting new 

technologies 

 

Rigidity of Existing 

process 

 

Handling the 

transition time 

 

Need more testing 

 

Highly Tech-driven 

 

Requirement of 

redesigning existing 

setup 

Data privacy and 

cybersecurity 

More focus on 

non-SCM 

functions 

Capital 

Investment 
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Table 3 Objective 2 : Codes 

Objective 2. To explore the motivators driving the adoption of Industry 5.0 technologies by supply chain professionals in the Finnish manufacturing sector

Cluster 1 

(Enhancing Agility 

and Resilience in 

Supply Chain 

Functions) 

Cluster 2 

(Driving Excellence 

in Operational 

Performance) 

Cluster 3 

(Sustainability in 

Operations) 

Cluster 4 

(Empowering 

Decision-Making 

through Data 

Intelligence) 

Cluster 5 

(Cost reduction) 

Cluster 6 

(Enhancing 

Human-Centric 

Collaboration in 

the Workplace) 

Cluster 7 

(Improve 

Customer 

experience) 

Improve SC 

flexibility 

 

Improve 

responsiveness 

 

Enable real-time 

adaptability 

 

Improve resilience 

Improving 

operational 

efficiency 

 

Improve 

productivity 

 

High Product 

Quality 

 

Meeting 

sustainability goals 

 

Reduce waste 

 

Reduce Energy 

More data-driven 

processes 

 

Assisting in 

decision-making 

 

Real-time data 

processing 

 

Foreseen Future 

 

Streamlining 

complex tasks 

 

Reducing cost 

 

Optimizing 

human 

capabilities 

 

Ease human tasks 

 

Human-machine 

collaboration 

Improve 

Customer 

experience 
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4.1 Analysis of objective 01: Identifying challenges face during the 

transition from I4.0 to I5.0   

Thematic groups have been created to enhance readability, categorizing themes by their 

importance and frequency or grouping them into broader categories. In this study, themes are 

divided into two categories: "primary themes" and " secondary themes," based on the frequency 

of codes (code count) and content relevance. The researcher established a criterion, defining 

themes with a code count of more than ten (10) as primary themes, while themes with fewer 

than ten codes are considered secondary themes for this research. According to the grouping 

arrangement above, there are four primary themes (major challenges) and three secondary 

themes (minor challenges) under objective two, as shown in table 4.    

In this section, the themes are organized in alignment with the first research objective and the 

code count. 

Table 4 Challenges : Code & case count 

Challenges 
File 

(Case count) 

References 

(Code count) 

Major 

Challenges 

CH01_ Difficulty in seamlessly integrating 4 21 

CH02_ Insufficient technical preparedness 5 12 

CH03_ Regulatory compliances 4 10 

CH04_ Lack of competency and knowledge 4 10 

Minor 

Challenges 

CH05_ Data security & privacy 2 3 

CH06_ Focus on non-SCM functions 1 1 

CH07_ High investment cost 1 1 

4.1.1 Major challenge 01: Difficulty in seamlessly integrating. 

Difficulty in seamlessly integrating was identified as the first major challenge during the 

analysis. Industry 5.0 applications involve novel technologies requiring significant adjustments 

before integrating into existing systems. Established conventional systems often face 

compatibility issues with new technologies, especially during the initial stages. Informants 

frequently highlighted the complexity of existing processes and the likelihood of prolonged 

integration periods. The rigidity of current processes can foster reluctance to adopt Industry 5.0 

technologies. Transitioning to new technology initiatives is typically managed as a project, and 

informants expressed considerable concerns about handling the transition period effectively. 

Additionally, informants emphasized the importance of maintaining existing operations, which 

they identified as a major challenge. Testing is critical before launching any project, including 
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the rollout of an Industry 5.0 application. Due to the advanced nature of Industry 5.0 

technologies, informants expect extensive testing before implementation. Compared to prior 

technological adoptions, companies anticipate a greater need for testing and trials in the 

Industry 5.0 context. Upon deeper analysis, it became apparent that the high-tech nature of 

Industry 5.0 has led to trust issues regarding its application within established systems. 

Extensive testing, however, requires more resources, consuming both time and money. 

Informants highlighted the necessity of redesigning current processes to accommodate Industry 

5.0 technologies, and the challenges associated with redesigning in the context of complex 

stakeholder connectivity. Incompatibility with suppliers' and customers' systems may create 

business disruptions, a concern strongly emphasized by informants. A well-designed and 

strategically planned communication strategy and a robust change management initiative are 

essential to mitigate these issues. Thus, "difficulty in seamlessly integrating" emerges as a 

primary theme and a major challenge in adopting Industry 5.0 technologies. 

During the interview, one respondent mentioned that, 

“The biggest challenge right now is figuring out how to integrate new technologies into our 

existing systems and processes. It is tough because modernizing everything and making sure 

it’s compatible with what we already have hasn’t been easy” 

4.1.2 Major challenge 02: Insufficient technical preparedness 

The second major challenge identified during the analysis was insufficient technical 

preparedness. As part of the interview process, background information on Industry 4.0 and 

Industry 5.0 technologies was shared, given that most participants were still in the early stages 

of Industry 4.0 adoption. The adoption of artificial intelligence (AI) frequently emerged as a 

code during the interviews; however, many companies are still in the planning or evaluation 

stages. While the Internet of Things (IoT) and related devices are widespread across most 

companies, adopting other technologies, such as big data analytics, blockchain, and AI, is rare, 

particularly in supply chain management. Even companies that have adopted some Industry 

4.0 technologies have yet to optimize their usage fully. 

With partially optimized Industry 4.0 technologies, companies face a substantial leap toward 

Industry 5.0. Theoretically, Industry 4.0 and Industry 5.0 are based on distinctly different 

principles. Advanced technologies such as collaborative robots, edge computing, digital twins, 

the Internet of Everything (IoE), 6G, and additive manufacturing have introduced a 

considerable technological gap, presenting a challenge in the adoption process. Consequently, 



45 
 

some companies lack sufficient technical preparedness even for Industry 4.0 technologies, 

which has emerged as another primary theme under major challenges: "insufficient technical 

preparedness." 

4.1.3 Major challenge 03: Regulatory compliance in manufacturing operations 

The analysis revealed regulatory compliances in manufacturing operations as the third major 

challenge. Adherence to regulatory compliance was critically highlighted and universally 

accepted by all informants. Companies emphasized the importance of following regulations 

imposed by the Finnish government and the European Union. Informants were informed that 

Industry 5.0 increases energy consumption and leads to exceeding environmental 

sustainability-related regulations. Adopting Industry 5.0 technologies involves changes to 

processes, human capital management, and social aspects, which, in turn, may lead to new 

government policies and regulations. When discussing Cobots technology, informants 

emphasized the importance of complying with occupational health and safety regulations. 

Further, in the context of AI applications, informants revealed that adhering to general data 

protection regulations (GDPR) is mandatory under any circumstances.  

In addition to local policies, most companies directly or indirectly follow specific regulatory 

standards introduced by the European Union as  EU directives. These directives include energy 

and sustainability, DGPR, environmental and more. Consequently, before implementing any 

changes through Industry 5.0 technology adoption, companies must review current regulations 

and anticipate potential changes. This subject received a code count of ten across four cases 

and was identified as a significant area of concern. Therefore, "Strict regulatory compliance" 

is the third primary theme under major challenges. 

4.1.4 Major challenge 04: Lack of competency and knowledge 

Lack of competency and knowledge was the fourth major challenge identified during the 

analysis. Acquiring the proper infrastructure is recognized as a crucial task in implementing 

Industry 5.0 technologies. Similarly, deploying the proper skill set to manage this infrastructure 

is equally essential for achieving the desired outcomes. Most informants repeatedly 

emphasized the importance of providing advanced training as a vital part of any Industry 5.0 

technology implementation project. A well-planned training and development program is 

necessary to improve employee competency, as many respondents perceive Industry 5.0 

technologies as a potential threat to current job roles. 



46 
 

Some companies have noted a significant skills gap within their workforce as Industry 5.0 

introduces more sophisticated technological solutions and applications. This gap has been 

identified as a considerable internal barrier and challenge. Additionally, this skills gap 

contributes to a fear of job loss as companies adopt new technologies. For example, leading 

Industry 5.0 innovations, such as collaborative robotics (Cobots), create new working 

conditions where humans and machines operate in production environments. Informants 

highlighted the importance of balancing task allocation and establishing clear boundaries for 

human-machine collaboration. Working alongside robots requires specialized training, which 

has been identified as a key challenge associated with collaborative robotics technology. 

A notable characteristic observed during the interviews was that informants have confidence 

in Industry 5.0 technologies and infrastructure but limited confidence in the skills of the people 

expected to operate or manage them. Consequently, "lack of competency and knowledge" in 

utilizing Industry 5.0 technologies has emerged as the fourth primary theme among major 

challenges. 

4.1.5 Minor challenges 

In addition to the four primary themes, the study identified three secondary themes with fewer 

than ten code counts. These secondary themes are considered as minor challenges during the 

analysis process. The three minor challenges identified were data security, focus on non-SCM 

functions, high investments and minor challenges are extensively discussed in this section.   

Privacy and security have been popular discussion points since the beginning of the digital era, 

undergoing critical evaluation, especially during the Industry 4.0 era with the introduction of 

technologies like artificial intelligence (AI), extensive data analysis, and Internet of Things 

(IoT) applications. Technology service providers are rigorously focusing on tightening security 

measures, and governments are actively involved in introducing and updating Privacy and data 

security policies. Compared to other primary themes, informants paid less attention to privacy 

and security issues. Although Privacy and security are popular research topics within Industry 

5.0, interviewees placed less emphasis on these issues in the Finnish context. 

Another notable characteristic identified during the coding process was that some firms must 

prioritize adopting Industry 5.0 technologies in non-supply chain management functions. 

Rather than focusing on supply chain functions, some firms see more significant benefits in the 

early application of these new technologies in sales and marketing.  
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None of the Industry 5.0 technologies has been introduced alongside low-tech applications, 

and the tech-savvy nature of these solutions involves high investment costs. The investment 

costs are significant during the installation or launch phase and in the pre-launch and 

operational stages. Previous literature indicates that high costs challenge adopting Industry 5.0 

technologies, especially for medium and small-scale firms. Informants devoted less attention 

to this area than to the primary themes discussed earlier. 

As a summary, “data security, focus on non-SCM functions, and high investment” were 

identified as secondary themes revealed by informants as challenges in adopting Industry 5.0 

technologies within supply chain management functions in the Finnish manufacturing context. 

Although these themes have fewer code counts, they are strongly connected to the study's first 

objective: identifying challenges. 

The below figure 4 summarises the major and minor challenges identified during the analysis 

process under objective one.  

 

Figure 4 Summary of major & minor challenges 

Source: Author creation 

 

C
ha

lle
ng

es

Major Challenges

Difficulty in seamlessly 
integrating

Insufficient technical 
preparedness

Regulatory compliances 
in operations

Lack of competency and 
knowledge

Minor Challenges

Data security & privacy

Focus on non-SCM 
fucntions

High investment cost



48 
 

4.2 Analysis of objective 02: Primary motivators driving the adoption 

of I5.0 

Like the themes identified under objective one, the researcher uses thematic grouping in this 

section based on the same criteria: importance, frequency, and grouping into broader 

categories. Accordingly, themes are categorized into two groups: "primary themes" and 

"secondary themes," based on code frequency (code count) and content. The researcher 

established a criterion whereby themes with more than ten (10) code counts are classified as 

primary themes (major motivators). In contrast, the remaining themes are categorized as 

secondary themes (minor motivators) specifically for this research. According to the grouping 

arrangement above, there are five primary and two secondary themes under objective two, as 

shown in table 5.    

This section organizes themes to address the second research objective and is ordered by code 

count. 

Table 5 Motivators : Code & case count 

Motivators 
File 

(Case count) 

References 

(Code count) 

Major 

Motivators 

MO01_ Enhancing agility and resilience in supply chain 

operations 
4 28 

MO02_ Empowering decision-making through data 

intelligence 
4 20 

MO03_ Driving excellence in operational performance 5 18 

MO04_ Sustainability in operations 5 18 

MO05_ Enhancing human-centric collaboration in the 

workplace 
4 10 

Minor 

Motivators 

MO06_ Cost reduction 3 5 

MO07_ Improve customer experience 2 3 

4.2.1 Major motivator 01: Enhancing agility and resilience in supply chain 

operations. 

The first major motivator identified during the analysis was enhancing agility and resilience in 

supply chain operations. Notably, in the post-COVID-19 era, many companies have re-

evaluated their supply chain strategies. Disruptions caused by logistical issues have driven 

organizations to prioritize agile and flexible supply chain strategies over purely cost-effective 

solutions. Informants emphasized this shift and expressed interest in adopting Industry 5.0 

technologies to increase flexibility within their firms. Industry 5.0 offers greater flexibility than 
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Industry 4.0, thanks to technologies like collaborative robots (Cobots), which handle repetitive 

tasks, freeing humans to focus on creative or specialized activities. Such applications enable 

more flexible and customized supply chain solutions. 

Another key area highlighted by informants was the potential to improve supply chain 

responsiveness through Industry 5.0 technologies like artificial intelligence (AI). Firms expect 

to enhance decision-making and predict potential disruptions by leveraging advanced AI 

applications. Supply chain professionals can use AI for demand forecasting, inventory 

optimization, predictive maintenance, risk simulation, and sustainable circular supply chain 

applications. As a result, informants hold elevated expectations for Industry 5.0 technologies 

due to their potential to improve supply chain responsiveness. 

Since supply chain professionals often navigate dynamic and turbulent conditions, with sudden 

or periodic changes being shared, there is a strong need for adaptability. Companies aim to 

bring real-time adaptability into supply chain functions by using technological tools like the 

Internet of Everything (IoE). Additionally, human-centric decision support systems, adaptive 

supplier networks, and augmented reality-driven troubleshooting mechanisms enhance the 

adaptability of supply chain networks. 

With these promising capabilities, informants have a strong positive outlook on Industry 5.0 

technologies for improving flexibility, responsiveness, and real-time adaptability in the Finnish 

business environment. Thus, “enhancing agility and resilience in supply chain functions” has 

been identified as the first major motivator in adopting Industry 5.0 technologies. 

4.2.2 Major motivator 02: Empowering decision-making through data 

intelligence  

Empowering decision making through data intelligence was the second major challenge 

identified during the analysis. Data has become a powerful tool in the modern era, and faster, 

more effective data processing capabilities determine who holds the power to lead. The study 

revealed that most informants expect to benefit from Industry 5.0 technologies in data handling 

for decision-making processes. Given the importance of data, companies are gathering and 

recording information on a large scale to make accurate and swift decisions, increasingly 

relying on data-driven processes rather than intuitive decisions. 

Most informants identified the potential to support decision-making as a critical benefit. Data-

handling and analysis technologies, such as big data analytics and artificial intelligence, enable 

companies to predict maintenance needs, conduct risk assessments, and more. Industry 5.0 
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technologies allow professionals to capture and analyse vast amounts of data to identify 

patterns, trends, and relationships, enabling faster decision-making than humans alone. 

Additionally, informants recognized the capability of Industry 5.0-related technological 

infrastructures to facilitate real-time data processing. IoT and IoE applications provide real-

time information on supply chain functions, and once processed and analysed, the results can 

be used for predictive insights. Many companies have also highlighted the accuracy and 

advanced predictive capabilities of Industry 5.0 technologies as critical enablers. Capturing and 

analysing customer data, sales data, market intelligence, seasonal patterns, and short-term 

fluctuations provide alerts and early insights into supply chain functions, helping companies 

stay competitive in current market dynamics. 

Finally, informants identified data analysis as a powerful tool for streamlining complex tasks 

using data-driven insights. Due to the advantages of data-driven decision-making, real-time 

data processing, and advanced predictive capabilities, companies are increasingly motivated to 

adopt Industry 5.0 technologies. Thus, “empowering decision-making through data 

intelligence” in the supply chain has been highlighted as the second major motivator.  

4.2.3 Major motivator 03: Driving excellence in operational performance. 

The analysis has revealed driving excellence in operational performance as the third major 

motivator. Since supply chain management is closely related to operational activities in 

manufacturing environments, many companies have recognized the potential for improving 

operational efficiency through Industry 5.0 technologies. Key areas highlighted include the 

capabilities of operations-related technologies, such as collaborative robots (Cobots), additive 

manufacturing, and machine learning (ML) for predictive operations. Cobots enable faster 

performance of repetitive tasks in settings like assembly lines, warehouses, and laboratories. 

AI tools like ML allow infrastructure condition monitoring to predict failures, schedule repairs, 

and minimize downtime. 

Improving productivity in operations is another critical focus, emphasizing accurate resource 

allocation and waste reduction through intelligent production planning. Many informants 

expressed high expectations for increased production output resulting from Industry 5.0 

adoption, ultimately leading to enhanced productivity in operations. Product quality is also a 

key area where companies anticipate improvements, with tech-enabled robots offering greater 

precision, which contributes to higher-quality production outputs. 
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Informants have noted Industry 5.0's capabilities for enhancing operational efficiency, 

productivity, and product quality. Thus, "driving excellence in operational performance" has 

become the third major motivator in Industry 5.0 adoption. 

4.2.4 Major motivator 04: Sustainability in operations  

Sutainability in operations was the fourth major motivator identified during the analysis. 

Sustainability initiatives in the supply chain context have reached a new level, and many 

modern companies are now focusing on "regenerative" initiatives aimed at achieving net-zero 

or net-positive impacts many informants express confidence in Industry 5.0 initiatives for 

meeting their companies' sustainability goals. Notably, Finnish manufacturing firms are paying 

particular attention to achieving sustainability goals set by the country, the EU, and their 

internal benchmarks. Companies aim to reach these targets through waste and energy 

reductions. 

While reducing energy consumption in Industry 5.0 is challenging, companies still see viable 

opportunities. According to information from informants, environmental sustainability has 

garnered the most attention. However, informants paid little attention to the "social 

sustainability" aspect, which is often overlooked in Industry 5.0 adoption and makes a critical 

difference from Industry 4.0 applications. In terms of social sustainability, Industry 5.0 has the 

potential to create more convenient working conditions and improve work-life balance for 

employees. Nevertheless, companies see significant potential in Industry 5.0 technologies to 

advance the sustainability paradigm in the Finnish supply chain context. Consequently, 

"sustainability in operations" has emerged as the fourth major motivator in adopting industry 

5.0 technologies. 

4.2.5 Major motivator 05: Enhancing human-centric collaboration in the 

workplace 

The last major motivator identified during the analysis was enhancing human-centric 

collaboration in the workplace. Human-centric collaboration was another critical area 

identified during the interview sessions, as it directly contributes to improving the work 

environment. Technologies like Cobots and AI were frequently highlighted for their ability to 

handle repetitive or iterative tasks, allowing humans to focus on creative or specialized tasks 

where human capabilities are most needed. This approach effectively utilizes human skills 

when required. As a crucial tool in Industry 5.0, AI can make confident decisions without 
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human intervention, accelerating processes. Adaptive learning functions make tasks safer and 

more convenient, especially in manufacturing environments. 

Cobots also play a significant role in managing hazardous, dangerous, or high-risk tasks, 

thereby improving health and safety. Human-machine collaboration is a relatively new concept 

introduced in the Industry 5.0 era. Informants noted the benefits of collaborative environments, 

identifying this as a primary theme. Therefore, "enhancing human-centric collaboration in the 

workplace" became the fifth and final primary theme revealed during the study as a major 

motivator for Industry 5.0 adoption. 

4.2.6 Minor motivators 

The analysis identified two minor motivators including improve customer experience and cost 

reduction. In addition to the five primary themes, the study identified two secondary themes 

with fewer than ten code counts. These secondary themes are considered as minor motivators 

during the analysis process. The two minor motivators identified were extensively discussed in 

this section.   

The customer base is an essential asset for any company, and customer satisfaction is measured 

as a key performance indicator (KPI) to assess customer experience. Informants highlighted 

Industry 5.0 technology as a tool for enhancing customer experience by providing flexible and 

unique business solutions. Industry 5.0 technologies enable more accurate customer data 

analysis, allowing companies to develop customized solutions for individual customers. Unlike 

Industry 4.0, which primarily focused on mass manufacturing and could not deliver unique 

solutions, Industry 5.0 emphasizes personalization. These capabilities have been recognized as 

necessary for supply chain functions and as a secondary theme.  

While some informants anticipated cost reductions through Industry 5.0 applications, they 

noted that this could be challenging due to high initial investments and long payback periods. 

Thus, improve customer experience and cost reduction were identified as minor motivators in 

industry 5.0 adoption.   
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The below figure 5 summarises the major and minor motivators identified during the analysis 

process under objective two.  

 

Figure 5 Summary of major & minor motivators 
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5 Discussion 
This research explored the challenges and motivators associated with the transition from 

Industry 4.0 to Industry 5.0, with valuable insights focused on the supply chain context within 

the Finnish manufacturing sector. The study identified four major and three minor challenges 

in adopting Industry 5.0 technologies. The study also investigated the motivators for Industry 

5.0 adoption, identifying five major and two minor motivators.  

5.1 Discussion: Challenges associate with transitioning from I4.0 to 

I5.0 

The study has found difficulty in seamlessly integrating as a major challenge. Informants 

highlighted few reasons like complexity of existing processes, complex stakeholder 

connectivity and expecting a greater need for testing. This has become a completely new area 

identified as a challenge where professionals have lack of trust over industry 5.0 and reluctance 

to move forward with advance technological implementations.    

Insufficient technical preparedness is the second challenge identified during the study. While 

limited previous studies have examined this research area in the Finnish context, other industry-

related studies have consistently highlighted insufficient technical preparedness (Favour et al., 

2024) as a key challenge. The research has discovered new concerns about technical 

preparedness, such as not optimizing Industry 4.0 technologies. This is a crucial finding that 

shows the Finnish manufacturing sector still has space to improve operations using Industry 

4.0 technologies before moving into Industry 5.0. The study also identified the technological 

gap between Industry 4.0 and Industry 5.0 as a new finding. These new findings assist in 

understanding the Finnish context in terms of technical readiness in the manufacturing sector 

since previous industry-related studies only mentioned technical infrastructures. 

The third challenge identified in the study is regulatory compliance in manufacturing 

operations. The research found that environmental, human capital and data-related regulatory 

compliance are critical elements from a local perspective. Previous studies also highlighted 

these areas. Additionally, informants emphasized the importance of adhering to EU directives, 

including those related to energy and sustainability, GDPR, and environmental regulations. 

Findings related to regulatory compliance indicate that companies in the European region 

consistently follow both local and EU regulations. 

The research found, lack of competency and knowledge as the fourth challenge. Informants 

emphasized that, having skilful human capital is essential when adopting a modern technology. 
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Previous studies have highlighted that Industry 5.0 promotes more skilled job opportunities, 

particularly among intellectual professionals (Maddikunta et al., 2022). The study has explored 

the subject deeper and found that industry professionals expect advanced training modules to 

enhance the competency of existing employees. A clear skill gap has been identified, especially 

in operations, and a fear of losing jobs among existing employees is a fear factor. These new 

findings enable management to act in their change management programs during new 

adoptions. 

In addition to major challenges, the minor challenges of data security, prioritization of non-

SCM functions, and high investment were identified. Previous researchers have highlighted 

critical issues of data security (Pasi et al., 2020) and high investment (Mastos et al., 2020). 

However, they were noted as minor challenges in this study. AI-related data security issues are 

a critical challenge in terms of data privacy (Bécue et al., 2021). In an industry 5.0 environment, 

data becomes a key driver and leads to the creation of prescriptive optimization and even 

proactive process control. Privacy and data security have been given less attention in industry 

5.0-related studies compared to industry 4.0-related studies. A probable reason is that Industry 

5.0 is an extended version of Industry 5.0 and has resolved most of the technical issues in 

Industry 4.0 technologies. The study's findings also revealed equivalent results, where 

informants paid little attention to data privacy and security when adopting industry 5.0 

technologies. This critical finding shows professionals' confidence in technology and tech 

applications. 

This study explored a novel area of prioritizing non-SCM functions when implementing 

modern technology, highlighting an exciting area for future research. Results revealed that 

manufacturing companies have given high priority to adopting industry 5.0 technologies in 

areas like customer service, sales, and marketing functions. Companies have identified more 

potential benefits from these non-SCM functions once they have adopted industry 5.0 

technologies. More importantly, AI has become the priority in most scenarios, according to a 

new study.  

5.2 Discussion: Motivators driving the adoption of I5.0 

The study also investigated the motivators for Industry 5.0 adoption, identifying five major and 

two minor motivators. These motivators align with the capabilities of Industry 5.0 technologies 

frequently emphasized in global studies. 
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The research identified enhancing agility and resilience in the supply chain as a motivator 

during the analysis. The disruptions faced during the COVID-19 pandemic were pivotal in 

prioritizing supply chain resilience within the context of the supply chain. Informants expressed 

elevated expectations for Industry 5.0 technologies, anticipating benefits through automation 

and digitization. Additionally, the results reveal that companies aim to achieve real-time 

adaptability in supply chain functions by utilizing technological tools such as the Internet of 

Everything (IoE). Regarding flexibility, previous studies have emphasized "mass 

customization" in the context of Industry 5.0; however, this was not a key highlight among the 

informants. The second motivator is empowering decision-making through data intelligence. 

Artificial intelligence (AI) is a crucial industry 5.0-related technology that enables data 

analytics, modelling, simulations, and intelligent forecasting in many operations (Mastos et al., 

2021).AI insights enhance manufacturing-related tasks, including continuous inspection, 

predictive maintenance, quality improvement, process optimization, supply chain 

management, and task scheduling (Rai et al., 2021). The study revealed ways to empower 

decision-making through AI and data intelligence. Finnish manufacturers are critically 

expecting improvements through real-time data processing, streamlining complex tasks, 

assisting in decision-making, and adopting more data-driven processes. The potential of AI in 

Industry 5.0 is not just promising, but it's also exciting for the future of manufacturing. 

The third motivator found in the research is driving excellence in operational performance. The 

results show that most companies prioritized using industry 5.0 technologies to improve supply 

chain and operational functions. Bringing agility into supply chain functions was identified as 

a primary operational advantage of adopting industry 5.0 technology (Agrawal et al., 2024). 

Additionally, the findings have explored Industry 5.0 as an enabler in improving supply chain 

flexibility, responsiveness, real-time adaptability, and resilience. The reason behind chasing 

elevated expectations in supply chain functions by adopting Industry 5.0 is the disruptions, 

such as supply chain breakdowns and increased demand for certain products, which occurred 

during the COVID-19 pandemic. Supply chain professionals must change their conventional 

strategies after the pandemic and consider moving into a new industrial era. 

Sustainability in operation is the fourth motivator identified under results. The sustainability 

paradigm has shifted towards regenerative development in the modern era. In industry 5.0-

related studies, social sustainability has gained more attention than other pillars (Minculete et 

al., 2021). Expectation levels are incredibly high in the industry 5.0 era from a sustainability 

perspective and aim to establish environmental harmony, net zero, and net optimistic targets. 
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The findings also revealed companies' confidence in using industry 5.0 technologies to achieve 

sustainability goals. Industry 5.0 holds more potential than the one evaluated by Finnish 

manufacturers in improving the sustainability of operations. It is vital to explore the potential 

and capabilities of Industry 5.0 and adopt it to reduce resources and waste, underlining the 

urgent need for sustainability in the manufacturing sector. 

The fifth and the last major motivator driving industry 5.0 adoption is enhancing human-centric 

collaboration in the workplace. Globally, there is considerable emphasis on sustainability and 

human-centric collaboration (Maddikunta et al., 2022). Previous studies have highlighted 

collaborative robot technology's capabilities that enhance human capabilities by elevating 

robots to the role of team members (Zafar et al., 2024). The findings of this study also 

confirmed the potential of Cobots technology in the Finnish context to ease and make safe 

human tasks. The use of machines to perform repetitive tasks and utilize human capabilities to 

conduct creative parts in the same process emerged as a significant highlight in the analysis. 

Professionals can utilize these benefits in operations, especially in areas in which they lack 

skilled labour. 

Given the high initial investment costs, cost reduction received little attention as a minor 

motivator for adopting Industry 5.0 technologies. Additionally, while previous studies have 

recognized enhancing customer experience as a critical benefit of Industry 5.0, it was 

considered a minor motivator with limited emphasis in this study. The new digital supply chain 

practices associated with the industry 5.0 revolution led to the creation of personalized 

customer supply chains, improving customer satisfaction (Adel, 2022). In the Finnish context, 

the companies were unable to identify improvement opportunities for improving customer 

experience. 

5.3 Implications 

This section presents the theoretical and managerial implications of the study, offering valuable 

insights for academia and professionals regarding Industry 5.0 adoption.   

5.3.1 Theoretical Implications 

The study has contributed to add knowledge to literature for supply chain professionals in 

identifying challenges to transit from industry 4.0 to industry 5.0. Challenges has been divided 

into two parts as major and minor considering the respondent’s reference counts. Identified 

challenges and categorization has broaden the existing literature in manufacturing and supply 
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chain context. Moreover, certain findings re-confirmed existing literature and validate previous 

research findings.    

The research study provides literature to the supply chain professionals to understand better 

the functions, technologies, and applications of industry 5.0 technologies. Additionally, 

findings provide literature about the potential of supply chain functions in an industry 5.0 

environment regarding resilience, agility, and operations excellence. While previous studies 

focus on the technicality of Industry 4.0 and Industry 5.0 (Maddikunta et al., 2022), (Agrawal 

et al., 2024), findings revealed that underutilized Industry 4.0 technologies are a major issue in 

the Finnish manufacturing context.            

Findings related to challenges provides valuable knowledge to understand the existing issues 

within the sector. Additionally, the results provide knowledge that how Industry 5.0 

technologies can support sustainability goals, particularly from a social sustainability 

perspective. Human-machine collaboration, a significant focus of this study, is not just a 

concept but a crucial element that enables companies to manage human capital more effectively 

and elevate it to the next level, making the audience feel valued and integral to the process.  

Finally, the study provides literature regarding motivators for adopting industry 5.0 

technologies. The results provide a "basic outline" for understanding Finnish manufacturing 

firms' perceptions when introducing new technological changes. Participants shared their 

desired outcomes from adopting modern technologies and their expectations for improvements 

over existing systems. From a supply chain professional's point of view, results add literature 

under motivators on enhancing agility and resilience in supply chain functions and applications 

of AI adoption to empower decision-making through data intelligence. 

5.3.2 Managerial implications 

The study provides valuable managerial insights for supply chain professionals seeking to 

adopt Industry 5.0. Supply chain professionals can leverage identified challenges and 

motivators when planning for Industry 5.0 adoption and evaluating high-tech projects. The 

study offers valuable insights for supply chain professionals to identify practical difficulties 

related to industry 5.0. Improving employee competency and bridging the knowledge gap have 

been identified as an important factor in new technological adoptions. The results have 

provided knowledge to supply chain professional for having a comprehensive change 

management plan, including enhanced training to address skill gaps.  Additionally, addressing 

employees' concerns about potential layoffs or job loss due to modern technologies is critical 



59 
 

for maintaining morale and ensuring a smooth transition. Reassuring employees about their job 

security in the face of technological advancements is a key aspect of this transition, making 

them feel more secure and less anxious. 

Furthermore, the study provides important insights regarding the potential of AI and related 

tools, such as machine learning (ML), to revolutionize decision-making processes. Supply 

chain professionals can benefit from AI-powered decision-making applications in areas such 

as predictive maintenance, advanced failure detection systems, and intelligent planning. These 

capabilities enable supply chain professionals to enhance decision-making processes, creating 

more agile, flexible, and resilient service models. This potential for revolutionizing decision-

making should make supply chain professionals feel more excited and optimistic about the 

future. 

The findings emphasize the importance of Industry 5.0 applications in supply chain operations 

and their potential benefits. Companies aiming to improve resilience, agility, and operational 

excellence can use these insights to strengthen their operations with Industry 5.0 technologies. 

Beyond supply chain operations, the study demonstrates how professionals can utilize these 

technologies to enhance customer service, for instance, by improving flexibility, agility 

responsiveness, and sustainability, for example, through shifting towards regenerative 

development. 

Given the vast array of advanced technologies, practices, and knowledge areas encompassed 

by Industry 5.0, the study also sheds light on the challenges faced by companies with low-tech 

or legacy systems. Small and medium-sized enterprises can gain valuable insights into future 

technological trends and learn how the modern business environment leverages advanced 

technologies. 
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6 Conclusion 
Manufacturing related Finnish census data and figures highlight the willingness, potential, and 

necessity for the Finnish manufacturing sector to adopt innovations and advanced technologies 

as it moves into the next industrial era. Industry 5.0 offers the Finnish manufacturing sector the 

opportunity to grow by integrating the latest technologies of the artificial intelligence era. As a 

dynamic and essential pillar, supply chain management functions are well-positioned to serve 

as early adopters of Industry 5.0 technologies, helping to elevate companies further. However, 

despite the potential benefits of Industry 5.0, many companies still need to implement Industry 

4.0 technologies and practices. This research aimed to identify the key challenges associated 

with the transition from Industry 4.0 to Industry 5.0 and to explore the primary motivators 

driving the adoption of Industry 5.0 technologies through a qualitative study. 

The study revealed four major challenges: difficulties with seamless integration, insufficient 

technical preparedness, regulatory compliance issues, and a lack of competency and 

knowledge. Three minor challenges were identified, including limited technical preparedness, 

regulatory compliance, and skill gaps. Apart from the technical preparedness challenge, 

previous studies also identified these challenges. Furthermore, five major motivators were 

identified, including enhanced agility and resilience, empowered decision-making, operational 

excellence, sustainability promotion, and fostering a human-centric workplace. In addition, two 

minor motivators were identified: cost reduction and improved customer experience. The 

challenge of reducing costs with Industry 5.0 technologies has been highlighted in prior studies, 

whereas improving customer experience has become a key focus in the Industry 5.0 era. 

This study provides valuable theoretical and managerial insights by expanding knowledge 

within the Finnish context and increasing supply chain professionals' understanding of Industry 

5.0 and related technologies. Supply chain professionals can utilize the identified challenges 

and motivators when planning for Industry 5.0 adoption and evaluating high-tech projects. 

Additionally, professionals can assess the potential of Industry 5.0 technologies and identify 

elements that offer the most significant benefits. Notably, the study provides a basic outline for 

understanding Finnish manufacturing firms' perceptions when introducing new technological 

changes. The motivators identified in the study indirectly imply companies' aspirations when 

adopting new technologies and how people envision the future business environment. The 

study showcases employers' perceptions of AI adoption, highlighting its potential for 

significant management changes. Finally, the study expands insights for companies with low-
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tech or legacy systems, providing a perspective on future technological trends in the modern 

business world. 

6.1 Limitations and further research 

The study has several limitations. The first limitation was finding quality informants and the 

time required for one-on-one interviews. Identifying well-informed participants took 

considerable time, and some companies were reluctant to share information due to 

confidentiality concerns. While one-on-one interviews allow in-depth discussions and richer 

data collection, they limit the number of respondents due to accessibility issues. As a result, 

this study adopted a qualitative mono-method research strategy. However, it is recommended 

that future research employ a mixed-method approach, combining interviews and surveys, to 

better assess the impact of Industry 5.0 in the Finnish context. 

Secondly, this research explored the challenges and motivators associated with Industry 5.0, 

aiming to understand the current state and promote adoption. However, due to data collection 

constraints, the study was limited to Finland and focused solely on supply chain management 

functions. It is crucial that future studies broaden the scope by including various industries and 

geographical locations to provide a more comprehensive understanding and generalize the 

findings, thereby accelerating the progress in the field. 

Additionally, some supply chain professionals possess limited knowledge of Industry 5.0, as 

many companies still need to integrate Industry 4.0 technologies. Gathering insights from a 

few non-SCM professionals in future studies could help evaluate the overall knowledge level 

within the industry and provide a more accurate assessment of the current state of Industry 5.0 

adoption. Further, the research scope was broader and included the entire manufacturing sector. 

However, this also opens opportunities for future research to delve deeper into specific scales 

of companies (small, medium, and large) and obtain more targeted and detailed results. 
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