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Abstract

:

It has been more than a decade since the introduction of the Industry 4.0 paradigm. Since then, many issues have been raised in the world: the COVID-19 pandemic, sustainable development goals, and recent dramatic changes in global politics. The global value chains were broken during the pandemic, and the importance of humans as the most important element of the production system was highlighted. It caused rethinking about current industrial paradigms, including the brand new paradigm of Industry 4.0. More focus has been put on human workers, sustainability, and the resilience of the value chain, so the Industry 4.0 update was presented as Industry 5.0. A specific methodology to evaluate the maturity level of the manufacturing industry with regard to Industry 4.0/5.0 is presented and tested in the Croatian manufacturing industry. The developed methodology is unique since it puts Industry 5.0 in the right context with Industry 4.0. Therefore, the Industry 4.0 index remains the main indicator; however, alignment with three Industry 5.0 aims (human-centricity, sustainability, and resilience) represents three additional indicators. The results of the current state analysis are presented as a case study with a discussion about the results and methodology itself.






Keywords:


manufacturing; Industry 4.0/5.0; maturity level; current-state analysis; COVID-19












1. Introduction


Since 2011, Industry 4.0 (I4.0), as a new industrial paradigm, has become a northern star for manufacturing enterprises all over the world [1]. It became a main part of national industrial strategies [2], for instance, “Industrie 4.0” in Germany [3] and “Industria 4.0” in Italy [4]. The focus of Industry 4.0 is to implement advanced information and communication technologies (ICTs), which are the drivers of the fourth industrial revolution, in the manufacturing environment. The advancement of ICT infrastructure enabled the World Wide Web (internet), which enabled connectivity and communication with different kinds of devices, the so-called Internet of Things (IoT). By using IoT sensors and actuators, the manufacturing process can be completely monitored: products can be tracked and traced using radio frequency identification (RFID) technology [5], machine status and electricity or compressed air consumption can be monitored [6,7], stock levels in inventories can be precisely evaluated, errors and defects can be detected, and all of these data can be presented on interactive dashboards.



The result is the cyber–physical system [3,8]: in this case, the cyber–physical production system, which is the actual digital twin of the real-world manufacturing process. The digital twin allows monitoring of the manufacturing process, but it goes beyond monitoring. It can be used to optimize the manufacturing process, simulate the changes, and then implement them in the real world. However, there is a technical and organizational preposition [9] for the complete cyber–physical production system: vertical integration of production. It represents the connection of the enterprise resource planning (ERP) system with the shop-floor level with the help of the manufacturing execution system (MES) through sensors/actuators, thus creating the concept of the Smart Factory [10]. This kind of full control and full insight into production allows the manufacturing of single-item products, so-called personalized [11,12] or individualized production [13]. Furthermore, the cyber–physical production system is not limited to a single manufacturing system. Nevertheless, it can be extended to suppliers, the supply chain, or the whole production network [14].



It is clear that Industry 4.0, as a new industrial paradigm, requires a paradigm shift in enterprises’ business models, organization, and technology. Some serious steps towards Industry 4.0 must be taken. To know what steps to take, an enterprise must know where it is now with regard to Industry 4.0. Therefore, models to evaluate the maturity level of an enterprise with regard to Industry 4.0 or with regard to the adoption of digital technologies have been developing since 2011 [15,16]. Different kinds of models with the same aim of assessing the industrial maturity level of enterprises have been developed in countries all over the world, including Bulgar [17], China [18], Czech [19], Croatia [20,21], Hungary [22], India [23], Indonesia [24], Italy [25], Kazakhstan [26], Kosovo [27], Romania [28], Serbia [22], Slovakia [22], and Turkey [28].



However, there were also critics of Industry 4.0 from the very beginning. The main criticism was the issue of human workers, which was not mentioned much in Industry 4.0 documents. Some saw Industry 4.0 as a political plan to completely replace human workers with robots and machines, but that is not true [29]. Industry 4.0 is actually dealing with a lack of factory workers in developed countries. Nevertheless, the original German document “Industrie 4.0” [3] talks about sustainability, but it does not mention children or future generations [30]. It was something that the European Commission saw as an important issue for this new industrial paradigm.



Then, 2020 came, and the global COVID-19 pandemic struck the EU and the whole world [31]. The importance of a human was highlighted in every aspect. Much of the focus was put on factory workers and every other employee. Furthermore, the pandemic broke global value chains, and the EU was left without some important products like toilet paper and medical masks. The European manufacturing industry was not struggling just because of the pandemic but because of broken supply chains as well. They did not prove to be resilient. All of these aspects were noticed by the European Commission, which published a completely new document in 2021 [32,33], Industry 5.0 (I5.0), which focuses on human-centricity, resilience, and sustainability (Figure 1).



The focus on human-centricity has another important aspect: the usage of artificial intelligence (AI) and machine learning (ML) in the manufacturing sector that was made popular by Industry 4.0. The problem of AI/ML is they are, most of the time, the black-box solutions that provide some results without clear insight into the process and its parameters. Sometimes, human workers are even subordinated to some AI-based information system, and that fact represents an epochal change. Namely, throughout history, technology was always subordinated to humans, never vice versa. So, putting humans back in the center and having transparent and fair AI/ML technology [34] is one of the most important aspects of Industry 5.0.



But, what, actually, is Industry 5.0? In this research, Industry 5.0 is seen as the European Commission sees it [35]: it is not a replacement for Industry 4.0, but more its update. This kind of view on Industry 5.0 is accepted by other scientists [1], as well. It is important to note that the working paper of the European Commission on the Industry 4.0 update in 2020 was originally called Industry 4.1 [32]. Therefore, the new trends among scientists and practitioners that are already talking about Industry 6.0 [36] are missing the point. It would not be a surprise to see some Industry 7.0 ideas in 2024. But, an industrial paradigm is not an operating system, nor software, so a completely new version cannot be expected each year. At least two or three decades should pass before a new industrial paradigm is presented. Therefore, to conclude, Industry 5.0 is a correction of the aims of Industry 4.0 to fit into the European Green Deal and sustainable global development (Table 1).



Since Industry 5.0 is a parallel approach to Industry 4.0 (Figure 2), it cannot be something that is replacing it [1]. It also means that when measuring industrial maturity level, Industry 5.0 cannot be a level above Industry 4.0; the assessment is more a measure of how enterprise is aligned with the aims of Industry 5.0: human-centricity, resilience and sustainability.



Figure 2 reveals why Industry 5.0 is not a new industrial revolution, because some new technological breakthrough invention did not happen. The first industrial revolution was triggered by the invention of the steam engine, the second by the invention of electricity, the third by the invention of the microcontroller, and the fourth by the development of ICT and invention of the internet; there is no technological invention, at the moment, that could trigger the fifth industrial revolution. Nevertheless, Industry 5.0 was triggered by the EU’s Green Deal, the COVID-19 pandemic and the UN Sustainable Development Goals (SDG)!



It is also important to note that factory production started with mechanization (the steam engine), and with assembly/production lines, it soon became mass production. Later, with the help of computers and information systems, it was possible to introduce mixed-model assembly that allowed mass customization. The modern era, however, is allowing personalized or individualized production [38]. Sometimes personalized and individualized production are seen as the same thing, but sometimes they differ. Personalized production can be seen as the small batch production of personalized products mostly in business-to-business relationships [12], and individualized production can be seen as single-item production in business-to-consumer relationships [13]. Personalized and/or individualized production are not simple aims; therefore, an enterprise should make an effort in acquiring Industry 4.0 technologies to achieve them.



Regarding the evaluation of industrial maturity level, enterprises still should be evaluated with regard to Industry 4.0 aspects. However, an enterprise also should be additionally evaluated in terms of how it is aligned with Industry 5.0 aims—human-centricity, resilience and sustainability. This perspective was implemented into the methodology of this research, which is described in Section 2. The case study used to test the methodology is Croatian manufacturing industry with a focus on manufacturing products made of metal, wood and polymers. The enterprises’ data used in the analysis were collected by using an on-line questionnaire in May 2022, a year after the publication of Industry 5.0 documents by the EC. The results of this analysis are presented in Section 3, and later they are compared with a previous analysis from 2015 [20] in Section 4. At the end, ideas for the further research are discussed.




2. Materials and Methods


In May 2022, an on-line questionnaire, “Croatian manufacturing industry in regard to Industry 4.0/5.0 concept”, was sent to Croatian industrial enterprises in the manufacturing sectors related to products made of metal, wood and polymers. Other sectors—the food and beverage industry, pharmaceutical industry, and mineral processing industry—were deliberately avoided, because these sectors have had a high degree of automation in their manufacturing systems for decades that would affect the results in a way that made technological progress, especially regarding automation and robotics, look much better than it really is.



The data were collected for 2 weeks, and 63 enterprises responded. A similar questionnaire survey regarding Industry 4.0 was conducted in 2015. At that time, 155 enterprises responded, but the data were collected for 3 months. The 2022 survey, however, was a 2-week research undertaking.



The sample of enterprises had very good geographic distribution. The Republic of Croatia is divided into four statistical regions by the EU NUTS-2 division. The sample of industrial enterprises was composed as follows: 25% were enterprises from Adriatic Croatia, 22% from Pannonian Croatia, 40% from Northern Croatia, and 13% from the City of Zagreb (Figure 3). When looking at the geographic map of these regions, the distribution does not seem to be representative. However, the distribution of the whole manufacturing industry must be taken into account. It is true that Adriatic and Pannonian Croatia cover more than 70% of the area of Croatia and only 47% of enterprises in the sample are from these regions, but, similarly to Italy, most of the Croatian manufacturing industry is concentrated in Northern Croatia and the City of Zagreb. Adriatic Croatia is more dedicated to tourism, and Pannonian Croatia is more dedicated to agriculture and ICT.



The sample of enterprises also reflected the distribution of manufacturing sectors well. The manufacturing sectors are divided by product type according to Croatia’s NKD2007 classification. The product types from C17 to C21 and including C23 represent food and beverages, pharmaceuticals, and the mineral processing industry, which were not part of this analysis. The sample represented about 4% of total enterprises in these manufacturing sectors. A comparison of the distribution of enterprises in the sample and of the total population of enterprises is presented in Figure 4. The only difference is that in the entire population, somewhat larger shares of enterprises are engaged in ICT manufacturing and furniture manufacturing, but everything else is quite similar.



The next step was to validate the sample regarding the business size of the enterprises. This criterion also showed that the sample of enterprises was very good (Figure 5). A larger share of large and medium-sized enterprises were in the sample, whereas in reality, the number of microenterprises is higher. However, the ratio of large enterprises and small and medium-sized enterprises (SMEs) was very similar.



Another interesting piece of information was the distribution of enterprises by production volume (Figure 6). Only 26% of the enterprises from the sample were engaged in large-batch production; all others were focused in individualized, small-batch production or individualized/small-batch modular production. However, since the enterprises from the sample were in manufacturing sectors related to products made of metal, wood and polymers, it is important to point out that large-batch production in these sectors in Croatia represented only a minority. Most of the Croatian manufacturing enterprises from these sectors are making products for already-known customers. However, they are more often in business-to-business relationships than business-to-consumer relationships.



Regarding the methodology, an on-line questionnaire must cover all important aspects of an enterprise’s technology, organization and employees. It is always a challenge to design such a questionnaire, since the number and details of questions can present a problem. If too many questions are asked and too many details sought, the questionnaire will be time-consuming, and only a small number of queried enterprises will be willing to respond to it. On the other hand, if the number of questions is too low, it will be difficult to obtain a complete picture of the enterprise’s technology, organization and employees. In this research, based on the experience with a previous questionnaire in 2015, a questionnaire was designed to cover the following dimensions (Figure 7): product development, manufacturing technology, work order management, product traceability, inventory/supply chain management, product lifecycle management, quality management, agile and lean principles, environmental health and safety. Similar dimensions were covered in analyses by Veza et al. [20] and by Horvat et al. [26].



The next important thing was the scoring model, i.e., how the answers to questions were evaluated with regard to Industry 4.0. In this research, we used the same scoring model as in the previous questionnaire from 2015 [20]. In that model, each option (answer) in a question correlated with some industrial generation, i.e., with one of the four industrial revolutions, or it was between two industrial generations. Multiple options could be selected as answers, and the scoring of such questions was an average value of the selected options (Figure 8). This approach was used to evaluate the industrial maturity level of an enterprise in correlation with Industry 4.0.



Regarding Industry 5.0, a similar scoring approach could be used, but with different outcome. The outcome, i.e., the result, was on a scale not from 1.0 to 4.0, but from 0% to 100%. Nevertheless, we measured three different criteria that represented Industry 5.0 aims: human-centricity, resilience, and sustainability. Some questions concerned only one criterion, and some concerned two or all three criteria. An example of such a scoring is presented in Figure 9.



The overall industrial maturity level or I4.0 index for an enterprise was an average of the scores for all questions. In the same way, overall I5.0 aims were average values for all of the questions. This meant that the maximum score was 4.00 for the I4.0 index and 100% for each I5.0 aim (human-centricity, resilience and sustainability). An enterprise with such a score would be an ideal Industry 4.0/5.0 enterprise (Figure 10).



The methodology used in this research was not ideal; however, it represented a good balance between the simplicity of the questionnaire design and the complexity of represented issues. As mentioned, if the questionnaire were too long and detailed, only a few people would be willing to respond to it, thus resulting in a poor sample of enterprises. In this case, the questionnaire resulted in a representative sample; therefore, a complete analysis could be made, and the results presented.




3. Results


The presentation of the results of the current state analysis of Croatian manufacturing industry has two parts. The first part is a presentation of the overall indicators for the Croatian manufacturing industry. The second part is a presentation of “the best” enterprise from each of the four statistical regions of Croatia. These four enterprises are then mutually compared.



Figure 11 shows the distribution of enterprises according to industrial maturity level, with 2.45 as the average industrial maturity level (I4.0 index) of the Croatian manufacturing industry. The figure also shows that most of the enterprises still belong to Industry 2.0, but some of them took serious steps toward Industry 3.0. Only few enterprises in the sample, and only a few dozens enterprises in the whole population, belong to Industry 3.0, and they are moving toward Industry 4.0.



Regarding Industry 5.0, i.e. progress in achieving I5.0 aims, the results of analysis are presented in Figure 12. The average Croatian manufacturing enterprise had an I4.0 index of 2.45, and it achieved 36% of progress regarding the I5.0 aim of human-centricity, 54% of progress regarding the I5.0 aim of resilience, and 50% of progress regarding the I5.0 aim of sustainability. It is important to note that resilience in Croatian manufacturing enterprises is high because most of them are SMEs that do not have global supply chains and Croatia is geographically and demographically a small country with low disturbances in the market. So, perhaps they are not as resilient as they appear to be. On the other hand, the index for human-centricity was low, because the average employee had less than 5 days of training per year.



The next step was to compare “the best” enterprise from each of the four statistical regions of Croatia. Their identity was hidden, but the main information and description of Industry 4.0 and Industry 5.0 elements are presented in Table 2. In the overall I4.0 index ranking, these enterprises were ranked as follows: 1st “The best of” City of Zagreb, 2nd “The best of” Adriatic Croatia, 3rd “The best of” Northern Croatia, and 5th “The best of” Pannonian Croatia. The 4th-ranked enterprise is also from Northern Croatia, so it is not a part of this comparison.



Figure 13 shows the I4.0 index and alignment with I5.0 aims for all four enterprises, with the I4.0 index ranging from 3.11 to 3.37. It means that all of these enterprises belong to Industry 3.0, and they are on the way toward Industry 4.0.



Regarding I5.0 aims, all four enterprises had similar resilience, of above 80%. But, as mentioned, it was only because they are not so dependent on global supply chains. The sustainability scores were high in “The best of” Adriatic Croatia and “The best of” Pannonian Croatia because both had good product lifecycle management and used environmental management standard ISO 14001. The other two had lower sustainability, because “The best of” City of Zagreb was lacking in product lifecycle management, and “The best of” Northern Croatia was lacking in environmental management. Three out of four enterprises had low progress in human-centricity, because they lacked compliance with occupational health and safety standards such as OHSAS 18001/ISO 45001 and their employees had less than 15 days of training per year. On the other hand, “The best of” Northern Croatia had these standards and was investing in life-long learning programs for its employees.



Figure 14 shows a comparison of the four groups of enterprise dimensions—software/IT, technology, organization/people, and standards/certificates—for these four enterprises.



Enterprises “The best of” City of Zagreb and “The best of” Adriatic Croatia were technologically the most advanced, using state-of-the-art machines, including collaborative robots. “The best of” Pannonian Croatia had the worst technology, and it was on an Industry 2.25 level. But it is a large enterprise, and the other three enterprises are SMEs, which proves once again that SMEs tend to adopt new technologies much more easily. On the other hand, the technologically less advanced “The best of” Northern Croatia and “The best of” Pannonian Croatia adopted many more standards/certificates, which are obviously needed for their business. One more finding that can be pointed out is that while “The best of” Northern Croatia had the highest human-centricity progress, from the aspect of organization/people, it was weak because of its heavy reliance on oral instead of documented or digital communication for work-order management.



In the next section, the results of the analysis are discussed in more detail and compared with the results of the analysis from 2015.




4. Discussion and Conclusions


The Republic of Croatia is perceived as a tourist country. Recently, it became one of the most popular tourist destinations in the world. It was selected as the best European destination in 2023 [39], and it has already been selected as one of the Top 10 destinations in the world for 2024 [40]. But, Croatia is not just a tourist country, since tourism is only one part of the Croatian economy. In 2019, before the COVID-19 pandemic, tourism accounted for a 41% share of Croatian exports and about 20% of Croatian GDP. In the same year, industry accounted for a 49% share of Croatian exports and about 20% of Croatian GDP, and it employed about 25% of the Croatian workforce. As in many other European countries, the manufacturing industry is a cornerstone of the Croatian economy. That fact was especially proven during the COVID-19 pandemic, when tourism did not prove to be resilient. But, at the end of the day, not so many people perceive Croatia as an industrial country.



However, the manufacturing industry is very important to Croatia; therefore, the findings of this research are crucial to understand where the Croatian manufacturing industry is going and what the crucial steps are that the manufacturing industry must take to remain competitive. In particular, a majority of firms in the Croatian manufacturing industry still belong to Industry 2.0 (Figure 10), although some have acquired some things from Industry 3.0 (for instance, CNC machines). However, most other technologies, e.g., robotics and automation, have only been introduced into a few manufacturing enterprises. But technology is not the only problem. Since the 1980s and especially the 1990s, lean management as an organizational and leadership concept has been very popular worldwide. In Croatia, lean management did not become popular at all, but it was acquired by some enterprises in the last 20 years [41]. One of the most successful and famous Croatian enterprises started introducing lean management [42] just a year ago! These issues are becoming a serious gap for the Croatian manufacturing industry. Unfortunately, these findings are supported by the “RB Industry 4.0 Readiness Index” [43] of 1.5 calculated by Roland Berger consultants for Croatia (on a scale from 1 to 5, where 1 represents low readiness and 5 represents high readiness). Furthermore, they have included Croatia among the “Hesitators”, a group of countries that are hesitant to make serious investments in their manufacturing industry despite its status as an important economic sector.



The comparison of the analyses of Croatian manufacturing industries from 2015 and 2022 shows that some progress has been made in the industrial maturity level (Figure 15). The average industrial maturity level of Croatian manufacturing industries was 2.15 in 2015, but had risen to 2.45 by 2022. But more importantly, when looking at the distribution of enterprises, more and more enterprises are closer to Industry 3.0. At the moment, Industry 3.0 seems to be the maximum achievement for the manufacturing enterprises in Croatia, since only a dozen enterprises are above Industry 3.0 and moving toward Industry 4.0.



When analyzing the four groups of enterprise dimensions—software/IT, technology, organization/people, and standards/certificates—an important issue can be discovered. In the case of Croatian manufacturing industry, the comparison of the 2015 and 2022 analyses (Figure 16) shows the most serious issue for Croatian manufacturing enterprises is technology. It remained on almost the same level for 7 years, and that level was just slightly above Industry 2.0. It seems that different kinds of CNC machines remained the top-level technology for most of the enterprises in Croatia. On the other hand, software/IT and standards/certificates showed the strongest improvements because they could all be easily purchased. But, the question is, are they being used properly? Probably not, because there was no similar progress in organization/people, which means that enterprises were purchasing software and certificates, but they were not reaping all the benefits from them. One of the benefits of modern ICT is definitely the usage of the digital twin technology. However, the digital twin was identified in only one of the top five ranked enterprises, and it was a digital twin of inventory only. The digital twin technology can have a serious impact on the improvement of production processes and respective business processes. But, the lack of lean management principles in Croatian manufacturing enterprises also suggests the lack of a process improvement philosophy, thus making a digital twin technology difficult to implement.



The current state analysis of the Croatian manufacturing industry in 2022 has provided clear insight into all of the issues and gaps of an average manufacturing enterprise in Croatia. These issues must be considered seriously and addressed in the new industrial strategy of the Republic of Croatia. Since lagging technology is the main issue, a state funding model in combination with EU funds must be established to help Croatian manufacturing enterprises overcome this serious gap. If not, the future of the Croatian manufacturing industry will not be bright at all.



Future research will be focused on the enhancement of the proposed methodology and possible development of a web application for self-assessments by enterprises regarding Industry 4.0/5.0, with a distinctive analysis based on process, product and service-based classifications.
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Figure 1. The European concept of Industry 5.0: human-centricity, resilience, and sustainability. 
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Figure 2. Industry 4.0 vs. Industry 5.0: comparison and historical overview. 
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Figure 3. The geographic distribution of the sample of industrial enterprises. 
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Figure 4. The distribution of enterprises by product type: (a) Sample of enterprises; (b) entire population of enterprises. 
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Figure 5. The distribution of enterprises by business size: (a) Sample of enterprises; (b) entire population of enterprises. 
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Figure 6. The distribution of enterprises by production volume. 
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Figure 7. Enterprise dimensions covered by the questionnaire. 
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Figure 8. An example of scoring model for industrial maturity level with regard to Industry 4.0 (adapted from [20]). 
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Figure 9. An example of scoring model for human-centricity and sustainability with regard to Industry 5.0. 






Figure 9. An example of scoring model for human-centricity and sustainability with regard to Industry 5.0.



[image: Machines 12 00087 g009]







[image: Machines 12 00087 g010] 





Figure 10. An example of indicators for ideal Industry 4.0/5.0 enterprise. 
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Figure 11. Distribution of enterprises according to industrial maturity level. 
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Figure 12. Average enterprise in Croatian manufacturing industry—I4.0 index and alignment with I5.0 aims. 
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Figure 13. Enterprise I4.0 index and alignment with I5.0 aims: (a) “The best of” City of Zagreb; (b) “The best of” Adriatic Croatia; (c) “The best of” Northern Croatia; (d) “The best of” Pannonian Croatia. 






Figure 13. Enterprise I4.0 index and alignment with I5.0 aims: (a) “The best of” City of Zagreb; (b) “The best of” Adriatic Croatia; (c) “The best of” Northern Croatia; (d) “The best of” Pannonian Croatia.



[image: Machines 12 00087 g013]







[image: Machines 12 00087 g014] 





Figure 14. Comparison of four groups of enterprise dimensions of the “the best” enterprises from each of four NUTS-2 statistical regions of Croatia. 
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Figure 15. Comparison of distributions of enterprises according to industrial maturity level from 2015 and 2022. 
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Figure 16. Comparison of four groups of enterprise dimensions and overall I4.0 index from 2015 and 2022. 
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Table 1. The main differences between Industry 4.0 and Industry 5.0 (adapted from [35,37]).
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Dimension

	
Industry 4.0 Aims

	
Industry 5.0 Aims






	
Technology

	
Centered around enhanced efficiency through digital connectivity and artificial intelligence data

	
Emphasizes impact of alternative modes of (technology) governance for sustainability and resilience data




	
Technology-centered around the emergence of cyber–physical objectives

	
Empowers workers through the use of digital devices, endorsing a human-centric approach to technology




	
Economy

	
Aligned with optimization of business models within existing capital market dynamics and economic models—i.e., ultimately directed at minimization of costs and maximization of profit for shareholders

	
Ensures a framework for industry that combines competitiveness and sustainability, allowing industry to realize its potential as one of the pillars of transformation




	
Ecology

	
No focus on design and performance dimensions essential for systemic transformation and decoupling of resource and material use from negative environmental and climate impact

	
Builds transition pathways towards environmentally sustainable uses of technology




	
Society

	
No focus on design and performance dimensions essential for systemic transformation and decoupling of resource and material use from negative social impacts

	
Expands the remit of corporations’ responsibility to their whole value chains




	
Introduces indicators that show, for each industrial ecosystem, the progress achieved on the path to well-being, resilience and overall sustainability











 





Table 2. Comparison of “the best” enterprises from each of the four NUTS-2 statistical regions of Croatia.
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	Enterprise
	“The Best of”

City of Zagreb
	“The Best of”

Adriatic Croatia
	“The Best of”

Northern Croatia
	“The Best of”

Pannonian Croatia





	Business size
	Small enterprise (10–49 employees)
	Medium-sized enterprise (50–249 employees)
	Large enterprise (250 or more employees)
	Medium-sized enterprise (50–249 employees)



	Product type

(NKD2007)
	C25 Manufacturing of metal products
	C25 Manufacturing of metal products
	C25 Manufacturing of metal products
	C24 Metal processing industry



	Production

volume
	Small-batch production
	Large-batch production
	Small-batch production
	Small-batch production



	Industry 4.0

elements in

the production

system
	
	(1)

	
3D scanning and 3D printing




	(2)

	
Collaborative robot




	(3)

	
Digital twin of inventory




	(4)

	
Cloud computing and Big Data






	
	(1)

	
3D scanning and 3D printing




	(2)

	
Machine-to-machine (M2M) communication




	(3)

	
RFID/barcode product tracking




	(4)

	
Integration of information systems (PLM/ERP/MES)






	
	(1)

	
3D scanning and 3D printing




	(2)

	
RFID/barcode product tracking




	(3)

	
Integration of information systems (PLM/ERP/MES)






	
	(1)

	
Integration of information systems (PLM/ERP/MES)









	Human-centric, resilience and sustainability

elements in

the production

system and business model
	
	(1)

	
Lean management principles




	(2)

	
Human–robot collaboration




	(3)

	
Digital twin




	(4)

	
Business intelligence




	(5)

	
Environmental management ISO 14001






	
	(1)

	
Lean management principles




	(2)

	
Product traceability




	(3)

	
Product lifecycle management




	(4)

	
Environmental management ISO 14001






	
	(1)

	
Lean management principles




	(2)

	
EFQM excellence model




	(3)

	
Product traceability




	(4)

	
Product lifecycle management




	(5)

	
Occupational health and safety OHSAS 18001/ISO 45001




	(6)

	
Employees have more than 15 days of training per year






	
	(1)

	
Lean management principles




	(2)

	
EFQM excellence model




	(3)

	
Product lifecycle management




	(4)

	
Environmental management ISO 14001
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