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Abstract. This article explores the transformative potential of learning factories in mecha- tronic 
systems development. Learning factories offer a dynamic, collaborative environment that bridges 
the gap between academia and industry, creating a mutu- ally beneficial ecosystem. The 
LEONARDO project aims to develop innovative teaching methods, materials and tools for 
human-centric industrial engineering and management education leveraging on an industry 
5.0 replica of a brewing system. Brewing as a process can be considered as highly complex, while 
brewing as a procedure serves as a ‘sexy vehicle’ for appealing student’s interest in industry 
5.0 applications and human-centric production. The brewing process is and will increasingly be 
more automated and highly supervised. For the latter, modern implementations of sensors such 
as electronic nose, electronic tongue, and infrared spectroscopy are required to be installed on the 
brewing equipment. To efficiently use the sensor outputs, the produced signals need to be merged 
locally and pro- cessed adequately, researched and investigated deeply by the authors up-front 
with the results to be summarized. Furthermore, to enable the physical bridging of various 
involved institutions across Europe, connecting the relevant sites virtually presents another 
technological challenge. Adequate IoT equipment needs to be selected and included in the whole 
setup as well. Furthermore, an emphasis needs to be made on the human-centric approach, as 
well as data visualization. Each of the aforementioned pieces of technology need a thorough 
investigation along with a decent focus in integrating the puzzle pieces into the big picture which 
is the brewing plant. In this paper we describe the interaction along with the system integration 
strategies of the listed fields to enable a future proof industry 5.0 ready brewing plant, focusing 
on the human-centric approach demanded in the industry5.0 feature description. 
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957 

INTRODUCTION 
 

We are living in interesting and as well challenging times. The current generation has 
been and still is experiencing the fourth industrial revolution, incorporated in the term 
industry 4.0. The focus of industry 4.0 has mainly been the development and 
establishment of technologies among various fields (e.g., communication technology, AI, 
IoT, robotics, process engineering) to enable the ‘Smart Manufacturing for the Future’ 
(Demir et al., 2019; Froschauer et al., 2022). Although, while widely still many 
companies and countries struggle with digitization technologies, the next development 
stage of the industry, the fifth industrial revolution, already presents itself at our doors 
(Demir et al., 2019; Paschek et al., 2019). One key aspect of industry 5.0 is the human- 
centric approach, meaning focusing on the human as part of the industrial process - in 
many ways (Froschauer et al., 2021; Khan et al., 2023; Kopylov et al., 2024). While 
Paschek et al. (2019) provide a literature review based description of industry 4.0 and 5.0 
in the context of a study analyzing the expected impact of the fifth industrial revolution 
on companies’ business models, other publications focus on the technical interaction of 
humans and robots, so called human-robot co-working environments (Schönberger et al., 
2018; Demir et al., 2019; Froschauer & Lindorfer, 2019; Emma-Ikata & Doyle-Kent, 
2022; Ikumapayi et al., 2023). Fig. 1 illustrates the evolution of the industry from 
industry 1.0 to industry 5.0, impressively outlining the ever decreasing time intervals 
upon the arrival of the next revolutionary stage, while Fig. 2 illustrates the industry 5.0 
triad, containing the three main corner stones of industry 5.0 as defined by the European 
Commission (European Commission (2021)). 

 

 
 

Figure 1. Roadmap from industry 1.0 to 5.0. (Demir et al., 2019). 
 

As discussed by Zizic et al. (2022) and the literature review by Khan et al. (2023), 
instead of taking technology as the key player of the next industrial revolution, three 
different key drivers are set as the center of the industrial 5.0 paradigm by the European 
Commission (European Commission (2021)). 
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 The human-centric approach, which places human needs at the heart of the 
production process, asking what technology can do for workers and how can it be useful 
(Khan et al., 2023). 

 Sustainability, which focuses on reuse, repurpose, and recycle of natural resources 
and reduce of waste and environmental impact (Saikia, 2023; Volpe et al., 2023). 

 Resilience, which implies an introduction of robustness in industrial production. 
This robustness provides support through flexible processes and adaptable production 
capacities, especially when a crisis occurs (Pandey et al. (2023)). 

As provided in an overview-like presentation by Demir et al. (2019), besides the 
technical challenges, also ethical issues are being discussed in the industry (Murphy et al. 
(2022); Emma-Ikata & Doyle-Kent (2022)), influence of industry 5.0 on the companies’ 
culture(s) (Cillo et al. (2022)) and non-technical processes (Zizic et al. (2022)) like 
marketing as studied by Rajumesh (2023). Also, industry 5.0 does not only influence 
the companies and their employees, but will have significant impact on the whole society 
(Zizic et al. (2022)), e.g., describing and analyzing the correlation of consequences of 

(Demir et al., 2019). This does not only include the usage of robots and industry 5.0 
approaches in education as discussed by Linert & Kopacek (2016) or Pozo et al. (2022) 
to foster technological enthusiasm and jump on the train of current youth’s learning and 
studying paradigms, but incorporates a bridge building between industry and academia 
as, e.g., described by Lanz et al. (2019). The latter is also manifold referred to as learning 
factory, e.g., analyzed by Balve & Ebert (2019) in a retro-perspective evaluation of 
competence development based on graduates feedback, or by Doyle-Kent & Walsh 
Shanahan (2022) as a means of upskilling technical workers for industry 5.0. The essence 
each is to empower all relevant industrial employees from blue-collar workers (Cimino 
et al., 2023) to industrial engineers or production planners (Rannertshauser et al., 2022; 
Shah & Bharathi (2023)) to efficiently use the advantages of industry 5.0 achievements, 
focused not exclusively but essentially on the human-centric approach. Fig. 3 developed 
by Zizic et al. (2022) includes some of those findings, being training of the workers, 
customer as the designers (well-educated customer) and information based decision making, 

‘Smart Manufacturing’ towards a 
‘Digital Society’ (Skobelev & Borovik, 
2017; Martynov et al., 2019). This 
investigation shows the complexity of 
the industry 5.0 movement on the one 
side and the huge influencing potential, 
the immense scope of the latter on the 
overall society, on the other side. 

To make all this happen in an 
efficient way, academia must be focused 
at as the initial source of knowledge 
gaining and spreading and, therefore, 
main responsible institution of advances 
and both technological and societal 
progress. A simple formulation or 
request may be, that involved parties 
are required to learn to work with robots 

 

 
 
Figure 2. Key corner stones of industry 5.0. 
(Zizic et al. (2022)). 
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closing the cycle of the interaction of academia (Rasmussen, 2012; Maijala et al., 2014; 
Zeidmane & Rubina, 2019), industry (Jørgensen, 2018), and entrepreneurship as one 
specific phase of industry (Põder et al., 2019), along with its influence towards a digital 
society (Skobelev & Borovik, 2017; Martynov et al. (2019); Motinho & Cavique, 2023). 

 

 
Figure 3. Transformations through the paradigms according to the important participants and 
segments of industries (Zizic et al., 2022). 
 

The focus of this article is to grasp all of these points in the context of an open-access 
learning & experimentation factory, to be developed in the European Union funded 
Erasmus+ LEONARDO project (Padovano et al., 2023). The LEONARDO project aims 
to transform Industrial Engineering and Management (IEM) education by establishing 
innovative teaching methods, materials, and tools with a human-centric approach in the 
context of the industry 5.0 paradigm. In practice, the project will leverage an industry 
5.0 replica of a brewing system as a hands-on learning environment for IEM students. 
LEONARDO will thus foster the entrepreneurial skills of IEM students by providing an 
applied learning environment to develop and test ideas. The brewing system called 
Learning and Experimenting open-Access Factory (LEAF) will facilitate innovative 
learning approaches as well as new teaching methods (Padovano et al., 2023). Some of the 
project partners already introduced the idea of a industry 5.0 ready brewing equipment 
as a business model in 2020 (Schlechter et al., 2020), aligned with some industry 5.0 
corner stones like ‘customer as the product designer’ and the main concept of human-
centricity. As well, current trends and technologies to modernize the current brewing 
community has been popular scientifically (Schlechter, 2023) and extensively (Vošahlík 
& Hart, 2021; Schlechter, 2024) discussed. 

Essentially, this article will present the technical and academic infrastructure of the 
‘to- be’ developed brewing plant as vehicle for the industry 5.0 educational open-access 
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factory example, which is currently implemented in one of the project partner locations 
(Wels, Austria), A second one, which is not focused on in this publication but contains 
similar functionality on a smaller scale, will be installed and further developed in the area 
of further project partners (Calabria, Italy). 

The article is structured as follows. Section 2 provides a detailed system 
description of the hardware and software setup and requirements of the relevant brewing 
plant(s). The reader shall get an impression on what is existing, how does the existing 
setup need to be enhanced (automation, connectivity, additional sensors) and what are 
immediate and future use-cases for the developed setup. Section 3 provides an overview, 
how the technical setup is to be used in the project context and how it is anticipated to 
contribute to industry 5.0 training and execution. The relevant considered fields of 
interest along with potential teaching material are sketched. Section 4 presents an 
implementation architecture of the LEAF. Finally, Section 5 summarizes the findings. 

 
System description and purpose 
In this section the system design of the brewing plant used to fulfill the core topics of 

the LEONARDO project is described, starting from the currently existing system design 
via the necessary technological steps to be established towards the final anticipated 
knowledge platform delivering essential process data for educational purposes, vulgo the 
LEAF. 

The Wels local LEAF brewing equipment installation will be carried out in a local 
small- scale brewery, the Gerstl Bräu (Der Brauereiführer (2024)). The advantage of this 
local brewery is, that a close relationship between the brewery (the brewery operator) and 

brewery. In the picture the mash tank is shown, which in an other stage of the brewing 
process is as well used as wort cooker. 

Additionally, Fig. 5 illustrates the general overview of a professional brewing site 
taken from Wunderlich & Back (2009). This illustration represents as well the layout of 
the Gerstl Bräu (Der Brauereiführer (2024)) being a professional small-scale brewery 
with state of the art equipment found among all small to medium-size brewing sites. 
An overview of the study with relation to the human-centricity is given in Fig. 9 as well, 
showing the interaction of the human with various points of measurement in the brewing 
system and therefore brewing process. 

key players within the LEONARDO 
project at the University of Applied 
Sciences Upper Austria exists. 
Therefore, access of the brewery and 
therefore of the project related 
installations is guaranteed at all times. 
Fig. 4 shows an overview of the 
existing 10 hl brewing equipment in 
Wels, which will be extended by an 
automation unit and IoT components 
to enable remote access. The figure is 
of representative objective to underline 
the practical character of the given 
project and emphasize the actual 
implementation of the concept in a real 

 

 
 
Figure 4. Gerstl brewery picture showing the 
mash tank. 
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In addition, as the Gerstl Bräu is a productive brewing plant, real life data of the 
brewing process will be available in continuous intervals and regularly, more than 
theoretically possible in an experimental setup. The overall project goals of LEONARDO 
will therefore be met more easily, complementing the to be installed 50 L experimental 
brewing equipment in Calabria and the 1,000 L operating brewing plant in Wels. 

 

 
 

Figure 5. General overview of a typical brewing process. 
 
Fig. 6 illustrates the rough basic system design of a brewing installation. Those 

include the main components like the various mashing, lautering, wort cooking and 
fermentation tanks, but as well 
needed pumps and valves to make 
the brewing process work. The 
illustrated setup should be seen as a 
rough overview to clarify the main 
technical challenges of the project 
fore-front enabling the to be setup 
innovative teaching concept. 

The current installation is fully 
electrified, meaning, no manual valves 
need to be operated. The degree of 
automation, however, is limited. 
Therefore, the installation will be 
further developed towards a fully 
automated setup. The automation 
concept will be developed within the 
University of Applied Sciences 
Upper Austria, while the hardware 
installation (wiring, switch cabinet 

 

 
 
Figure 6. System design of the industry 5.0 
brewing equipment. 
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installation, etc.) will be carried out by an electric professional. Fig. 7 shows the current 
control panel with manual operation, which will be extended by a second panel enabling 
full automation. To guarantee productive operation of the brewing plant at all times, the 
automated functionality will not replace the current installation but complement it. 

 

 
 

Figure 7. Gerstl brewery control unit. 
 

Fig. 8 illustrates the additional components in an overview style. 
As a follow up, IoT connectivity along with the integration of additional sensors is 

planned to be implemented. Those sensors include various temperature sensors for 
monitoring the homogeneity of the mash, an electronic nose as described in Schlechter 
(2024); Gonzalez Viejo et al. (2020), health parameter checks of the operator  
(e.g., heart beat rate, blood pressure, stress estimation, all using a fitness wrist band), 
NIR sensors, CO2 sensors and many more. IoT connectivity is needed for several reasons. 

 

 
 

Figure 8. Block diagram of complete IoT implementation. 
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First, as one of the main features of the current project is remote accessibility, this 
connectivity needs to be established. This enables students using the to be developed 
industrial engineering educational concept in conjunction with the LEAF from 
everywhere in the world, given access is granted individually. Within the partner 
consortium of LEONARDO, human machine interfaces along with smart processing of 
gained information from the brewing process are developed. To feed those essential 
puzzle pieces of the final concept, the connectivity to the productive plant must be 
established. Secondly, to gather more relevant process data, additional sensors 
(in addition to standard sensors like temperature sensors, fraction sensors used for degree 
Plato measurements, fill level sensors, ...) will be added to the LEAF to enhance the 
functionality. Schlechter (2024) provided an extensive overview about the historical 
(Pearce et al., 1993; Gardner & Bartlett, 1994; Gardner et al., 1994; Gonzalez Viejo et al., 
2020; Pornpanomchai & Suthamsmai, 2008 and current (Aouadi et al., 2020; Anisimov 
et al., 2021; Gonzalez Viejo et al., 2021; Seesaard & Wongchoosuk, 2022; Fuentes & 
Gonzalez Viejo, 2023; Kim et al., 2023; Liboà et al., 2023; Schlechter, 2023) 
technification development in the brewing branch. Already in 2020 Schlechter et al. 
(2020) proposed a concept in Agronomy Research on a business model with the 
LEONARDO project requirements - just not to use it for educational purposes, but for a 
real business. The outcome of this project may therefore be ulteriorly used in various 
fields, like innovation management, new product development, open innovation, 
entrepreneurship studies, etc. along with the training setup of industrial engineers which 
is the main scope of the LEONARDO project (Padovano et al., 2023). The efficient 
implementation of the proposed concept in addition will be supported by the Wels-local 
expertise in simulation workflow elaboration for complex automated system design, 
incorporated and described by Edlinger et al. (2023). 

The system architectural review of the current system along with the required 
changes, adoptions, and extensions to the system given in this section acts as the base 
for the pedagogical approaches incorporating the final target of the LEONARDO project a 
stated by Padovano et al. (2023). The latter will be explained in more detail in Section 3. 
 

Methodology and impact 
In this section, the second meta-level of the given investigation and development 

will be sketched, which is more focused on the pedagogical objective as a main aim. 
Brewing, as a complex technological process, involves a nuanced blend of skills 
encompassing equipment operation, quality control, knowledge of biological and 
chemical processes, business acumen, and adept problem-solving. The application of a 
learning factory approach in the teaching context of the LEONARDO project serves as 
a noteworthy case study, exemplifying the effective use of this pedagogical concept in 
multidisciplinary settings. 

LEONARDO establishes fruitful synergies with school education, adult education, 
Higher Education Institutions (HEI), and youth, and the project results can be exploited 
also in these fields, using the technical platform as an engaging platform to transport the 
learnings. For example, tools and materials developed for teaching industry 5.0 in higher 
education can also be incorporated into HEI programs. The project aims to understand 
future work qualifications in human-centric factories of the future, which will also be 
relevant to HEI, and create work-based learning opportunities at the LEAF Labs for 
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HEI students. This way, LEONARDO provides guidelines for developing and adapting 
HEI programs to meet the needs of the labour market and industry trends. 

In terms of school education, LEONARDO will develop pedagogical approaches 
and materials, such as interactive simulations, videos, and multimedia resources, that  
high- school teachers can use to promote interest in STEM disciplines. LEAF lab 
managers and young people ‘working’ at the lab will act as ambassadors and mentors to 
inspire young people to pursue careers in the field, leveraging the beer brewing process 
as a motivation. 

Specific connections will be established with high-schools that will be able to 
consider the LEAF lab as a venue for ‘work experiences and internships’ for highschool 
students. The upskilling pathways that LEONARDO will develop can also be applied in 
the field of adult education to reduce the skill gap and promote adult participation in 
learning. The education content and material can be also used by adult learning and 
guidance staff to improve their teaching methods. Digital and blended learning 
opportunities will be developed to offer a flexible learning offer not only for HEI 
students, but potentially also for adults, based on validation of acquired skills certified 
by micro-credentials or badges released at the end of a micro-courses carried out with 
the LEAF. Therefore, the LEAFs will become innovative local learning centres to attract 
and offer everyone in the community lifelong and life-wide learning opportunities. 
Finally, the adoption of a LEAF brewing system, which simulates real life, will enhance 
engagement and motivation of students. This makes the learning content more appealing 
as young people will be driven by the willingness to produce the beer, while at the same 
time, solving old and new problems related to H-IEM. This will promote young people’s 
sense of initiative and entrepreneurship, creative learning and intercultural dialogue 
among all the people working at the LEAFs. Last but not least, given the affordability-
by-design of the LEAF, the labs can be installed also at institutions that do not have large 
economic resources, thus giving marginalised young people in underdeveloped regions 
the opportunity to see with their own eyes how a human-centric production system works 
and creating the preconditions for their future employability by identifying the hard and 
soft skills and competences required for students to work in human-centric factories  
of the future (and become a workforce 5.0) and to define a pedagogical approach  
and curriculum design guidelines to support the teaching of the Industry 5.0 content via 
a combination of digital technologies, e.g., e-learning, in combination with/as well  
as the LEAF. 

 
LEAF-as-a-service implementation architecture 
As previously discussed LEAF is innovative as it is a small-scale but realistic 

replica of a brewing system which may be easily replicated. This provides an original 
and creative system compared to existing Learning Factory solutions, thus making 
education appealing for the younger generation. Furthermore, LEAF provides everyone 
the opportunity to access (even remotely), play and experiment their own ideas, in a 
LEAF- as-a-Service approach. This will allow the students to take active responsibility 
in the Industry 5.0 revolution. The concept of LEAF is based on the cloud based 
architectural setups, e.g., the Manufacturing-as-a-Service (MaaS) proposed by 
Rauschecker et al. (2011) and Factory-as-a-Service (FaaS) proposed by Hewa et al. 
(2023) approaches. By exposing the manufacturing capabilities and process to the user.  
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As illustrated in Fig. 9 the user, in this case an HEI student, may submit their customized 
brewing recipe to the LEAF. Through various IoT devices, such as smart sensors, 
Arduinos, Raspberry Pis, and HMIs, process information can be extracted from the 
LEAF. LEAF operator data may also be collected, through the use of smart watches or 
heart rate monitors. This information can be collected locally via an edge device, such 
as the Endian 4i Edge X. Pre-processing of data can be immediately carried out on 
site. In this way dimensionality reduction can be achieved through feature extraction 
and factor analysis. Machine Learning algorithms can then be deployed either at the edge 
or on the cloud to analyze the data and extract process related information. This can 
then be visualized through augmented devices such as tablets or VR goggles. 

 

 
 

Figure 9. LEAF-as-a-Service Implementation Architecture. 
 

By utilizing this LEAF-as-a-service architecture, this solution will provide 
remotely accessible services/apps for LEAF-based student game-based education. This 
will be developed in a way that students have access to practical, hands-on learning 
experiences that allow them to develop the skills and competences required for the 
workforce 5.0. This also supports the HEIs to be more resilient in terms of educational 
provision, since access to the LEAF facilities will be allowed remotely in case that 
laboratories and facilities are not accessible physically. 
 

CONCLUSION 
 

In this paper we presented the technical modification of a productive brewing plant 
involving all fields of action, in order to provide a solid technical base for a pedagogical 
concept towards higher education in the industry 5.0 human-centric approach, proposed 
by the European Commission (2021). We listed the technical setup along with potential 
enhancements on a current brewing system, focusing on the core features boosting the 
educational concept. The technical implementation will be used as a vehicle to train next 
generations’ industrial engineers towards an efficient usage of industry 4.0 technology in 
a industry 5.0 concept, involving human-centricity, sustainability and resilience. 
 



966 

ACKNOWLEDGEMENT. This work is supported by the LEONARDO project, funded by the 
European Commission under the Erasmus+ programme KA-220 Cooperation Partnerships for 
Higher Education - No. 2023-1-IT02-KA220-HED-000164699. The views expressed belong 
to the author(s) alone and do not necessarily reflect the views of 
the European Union or the Erasmus+ National Agency -INDIRE. 
Neither the European Union nor the granting administration can 
be held responsible for them. 

 
REFERENCES 

 
Anisimov, D.S., Chekusova, V.P., Trul, A.A., Abramov, A.A., Borshchev, O.V., Agina, E.V. & 

Ponomarenko, S.A. 2021. Fully integrated ultra-sensitive electronic nose based on organic 
field-effect transistors. Scientific Reports 11(10683). doi: 10.1038/s41598-021-88569-x 

Aouadi, B., Zaukuu, J.-L.Z., Vitális, F., Bodor, Z., Fehér, O., Gillay, Z., Bazar, G. & Kovacs, Z. 
2020. Historical Evolution and Food Control Achievements of Near Infrared Spectroscopy, 
Electronic Nose, and Electronic Tongue - Critical Overview. Sensors 20(19), 5479. 

Balve, P. & Ebert, L. 2019. Ex Post Evaluation of a Learning Factory - Competence  
Development Based on Graduates Feedback. In: 9th Conference on Learning Factories. 
Procedia Manufacturing 31, Elsevier, 8–13. doi:10.1016/j.promfg.2019.03.002 

Cillo, V., Gregori, G.L., Daniele, L.M., Caputo, F. & Bitbol-Saba, N. 2022. Rethinking companies’ 
culture through knowledge management lens during Industry 5.0 transition. Journal of 
Knowledge Management 26(10), Elsevier, 2485–2498. doi 10.1016/j.procs.2022.12.395 

Cimino, A., Elbasheer, M., Longo, F., Nicoletti, L. & Padovano, A. 2023. Empowering Field 
Operators in Manufacturing: A Prospective Towards Industry 5.0. In: 4th International 
Conference on Industry 4.0 and Smart Manufacturing Procedia Computer Science 217, 
Elsevier, 1948–1953. doi 10.1016/j.procs.2022.12.395 

Demir, K.A., Döven, G. & Sezen, B. 2019. Industry 5.0 and Human-Robot Co- working. In: 3rd 
World Conference on Technology, Innovation and Entrepreneuship "Industry 4.0 focused 
Innovation, Technology, Entrepreneurship and Manufacture" June 21-23, 2019. Procedia 
Computer Science 158, 688–695. 

Der Brauereiführer (2024). Gerstl Bräu - "1. Welser Gasthausbrauerei". Small Scale Brewery. 
Available in: https://www.brauereifuehrer.com/wiki/Gerstl_Br%C3%A4u 

Doyle-Kent, M. & Walsh Shanahan, B. 2022). The development of a novel educational model to 
successfully upskill technical workers for Industry 5.0: Ireland a case study. In: 21st IFAC 
Conference on Technology, Culture and International Stability TECIS 2022.  
IFAC-PapersOnLine 55(39), 425–430. 

Edlinger, R., Mitterhuber, U., Dumberger, S., Zouhar, D., Froschauer, R. & Nüchter, A. 2023. 
Integrated Simulation Workflow for Complex Automated System Design. In: Proceedings 
of the Austrian Robotics Workshop 2023, pp. 68–73. 

Emma-Ikata, D. & Doyle-Kent, M. 2022. Industry 5.0 Readiness - Optimization of the 
Relationship between Humans and Robots in Manufacturing Companies in Southeast of 
Ireland. In: 21st IFAC Conference on Technology, Culture and International Stability 
TECIS 2022. IFAC-PapersOnLine 55(39), 419–424. doi: 10.1016/j.ifacol.2022.12.071 

European Commission (2021). Directorate General for Research and Innovation Industry.  
5.0 - Towards a Sustainable, Human-Centric and Resilient European Industry. Publications 
Office of the European Union: Luxemburg. 

Froschauer, R., Kocher, A., Meixner, K., Schmitt, S. & Spitzer, F. 2022. Capabilities and Skills 
in Manufacturing: A Survey Over the Last Decade of ETFA. In: IEEE International 
Conference on Emerging Technologies and Factory Automation, ETFA 2022. United 
States. Institute of Electrical and Electronics Engineers Inc, 1–8. 



967 

Froschauer, R., Kurschl, W., Wolfartsberger, J., Pimminger, S., Lindorfer, R. & Blattner, J. 
2021. A Human-Centered Assembly Workplace for Industry: Challenges and Lessons 
Learned. Procedia Computer Science 180, 290–300. 

Froschauer, R. & Lindorfer, R. 2019. Workflow-based programming of human-robot interaction 
for collaborative assembly stations. In Proceedings of ARW & OAGM Workshop 2019, 
OAGM & ARW Joint Workshop on Computer Vision and Robotics, 85–90. 

Fuentes, S. & Gonzalez Viejo, C. 2023. Novel use of e-noses for digital agriculture, food, and 
beverage applications. Eds.: Gupta, R.K., Nguyen, T.A., Bilal, M. & Ahmadi, M. 
Nanotechnology-Based E-noses, Woodhead Publishing Series in Electronic and Optical 
Materials. Woodhead Publishing, 415–432. 

Gardner, J.W. & Bartlett, P.N. 1994. A brief history of electronic noses. Sensors and Actuators 
B: Chemical 18(1), 210–211. 

Gardner, J.W., Pearce, T.C., Friel, S., Bartlett, P.N. & Blair, N. 1994. A multisensor system for 
beer flavour monitoring using an array of conducting polymers and predictive classifiers. 
Sensors and Actuators B: Chemical 18(1), 240–243. 

Gonzalez Viejo, C., Fuentes, S., Godbole, A., Widdicombe, B. & Unnithan, R.R. 2020. 
Development of a low-cost e-nose to assess aroma profiles: An artificial intelligence 
application to assess beer quality. Sensors and Actuators B: Chemical 308, 127688. 

Gonzalez Viejo, C., Fuentes, S. & Hernandez-Brenes, C. 2021. Smart Detection of Faults in 
Beers Using Near-Infrared Spectroscopy, a Low-Cost Electronic Nose and Artificial 
Intelligence. Fermentation 7(3), 117. 

Hewa, T., Porambage, P., Kovacevic, I., Weerasinghe, N., Harjula, E., Liyanage, M. & 
Ylianttila, M. 2023. Blockchain-Based Network Slice Broker to Facilitate Factory- As-a-
Service. IEEE Transactions on Industrial Informatics 19(1), 519–530. 

Ikumapayi, O.M., Afolalu, S.A., Ogedengbe, T.S., Kazeem, R.A. & Akinlabi, E.T. 2023. 
Human-Robot Co-working Improvement via Revolutionary Automation and Robotic 
Technologies - An Overview. In: 4th International Conference on Industry 4.0 and Smart 
Manufacturing. Procedia Computer Science 217, 1345–1353. 

Jørgensen, M.H. 2018. Agricultural field production in an ’Industry 4.0’ concept. Agronomy 
Research 16(1), 94–102. 

Khan, M., Haleem, A. & Javaid, M. 2023. Changes and improvements in Industry 5.0: A strategic 
approach to overcome the challenges of Industry 4.0. Green Technologies and 
Sustainability 1(2), 100020. 

Kim, B.J., Bonacchini, G.E., Ostrovsky-Snider, N.A. & Omenetto, F.G. 2023. Bimodal Gating 
Mechanism in Hybrid Thin-Film Transistors Based on Dynamically Reconfigurable 
Nanoscale Biopolymer Interfaces. Advanced Materials 35(45), 2302062. 

Kopylov, P., Wegen, J., Schlechter, T., Manfredi, K., Padovano, A., Cardamone, M., 
Nicoletti, L. & Francalanza, E. 2024. Leveraging Learning Factories for Mechatronic 
Systems Development: A Collaborative Approach. In: 19th International Conference on 
Computer Aided Systems Theory - Extended Abstracts. Section: Mechatronic Product 
Development. 

Lanz, M., Pieters, R. & Ghabcheloo, R. 2019. Learning environment for robotics education and 
industry-academia collaboration. Research. Experience. Education. 9th Conference on 
Learning Factories 2019 (CLF 2019), Braunschweig, Germany. Procedia Manufacturing 
31, 79–84. 

Liboà, A., Genzardi, D., Núñez-Carmona, E., Carabetta, S., Di Sanzo, R., Russo, M. & 
Sberveglieri, V. 2023. Different Diacetyl Perception Detected through MOX Sensors in 
Real-Time Analysis of Beer Samples. Chemosensors 11(2), 147. 

Linert, J. & Kopacek, P. 2016. Robots for Education (Edutainment). In: 17th IFAC Conference 
on International Stability, Technology and Culture TECIS 2016. IFAC- PapersOnLine 
49(29), Elsevier, 24–29. 



968 

Maijala, P., Närvä, M. & Pasila, A. 2014. Farm-to-table concept: How the industry and 
commerce are integrated to the academic education system. Agronomy Research 12(2), 
673–680. 

Martynov, V.V., Shavaleeva, D.N. & Zaytseva, A.A. 2019. Information Technology as the Basis 
for Transformation into a Digital Society and Industry 5.0. In: International Conference 
"Quality Management, Transport and Information Security, Information Technologies" 
(IT&QM&IS), pp. 539–543. doi: 10.1109/ITQMIS.2019.8928305 

Motinho, L. & Cavique, L. 2023. Philosophy of Artificial Intelligence and Its Place in Society, 
chapter Impact of Artificial Intelligence in Industry 4.0 and 5.0. IGI Global pp. 358–376. 

Murphy, C., Carew, P.J. & Stapleton, L. 2022. Ethical Personalisation and Control Systems for 
Smart Human-Centred Industry 5.0 Applications. 21st IFAC Conference on Technology, 
Culture and International Stability TECIS 2022. IFAC-PapersOnLine 55(39), 24–29. 

Padovano, A., Francalanza, E., Schlechter, T., Kopylov, P., Wegen, J., Manfredi, K., Cardamone, M. 
& Nicoletti, L. 2023. LEONARDO - Learning & Experimentation OpeN-Access factoRy 
for inDustrial wOrkforce 5.0. https://www.uss-lab.it/projects/ leonardo/. Accessed 
31.12.2023. 

Pandey, S., Kiran, K., Parhi, S., Singh, A.K. & Jha, S.K. 2023. Fostering Sustainable 
Development in the Age of Technologies. Chapter Safety Management in the Era of 
Emerging Industrial Revolution: The Conceptualisation of Safety 4.0. Emerald Publishing 
Limited, Leeds, pp. 239–256. doi:10.1108/978-1-83753-060-120231017 

Paschek, D., Mocan, A. & Draghici, A. 2019. Industry 5.0 - The expected impact of next industrial 
revolution. In Thriving on future education, industry, business, and Society, Proceedings of 
the MakeLearn and TIIM International Conference, Piran, Slovenia, pp. 15–17. 

Pearce, T.C., Gardner, J.W., Friel, S., Bartlett, P.N. & Blair, N. 1993. Electronic nose for 
monitoring the flavour of beers. Analyst 118(4), 371–377. Available in 
https://pdfs.semanticscholar.org/eb2a/34efea813776e4cec53c3192e1ad0f565375.pdf. 

Pornpanomchai, C. & Suthamsmai, N. 2008. Beer classification by electronic nose.  
In 2008 International Conference on Wavelet Analysis and Pattern Recognition ICWAPR, 
Volume 1, pp. 333–338. 

Pozo, E., Patel, N. & Schrödel, F. 2022. Collaborative Robotic Environment for Educational 
Training in Industry 5.0 Using an Open Lab Approach. 13th IFAC Symposium on Advances 
in Control Education ACE 2022. IFAC- PapersOnLine 55(17), 314–319. 

Põder, A., Lemsalu, K., Nurmet, M. & Lehtsaar, J. 2019. Entrepreneurship education, 
entrepreneurship competencie sand entrepreneurial activities of alumni: A comparison 
between the engineering and other graduates of Estonian University of Life Sciences. 
Agronomy Research 17(6), 2399–2416. 

Rajumesh, S. 2023. Promoting sustainable and human-centric industry 5.0: a thematic analysis of 
emerging research topics and opportunities. Journal of Business and Socio- economic 
Development 4(2), 111–126. 

Rannertshauser, P., Kessler, M. & Arlinghaus, J.C. 2022. Human-centricity in the design of 
production planning and control systems: A first approach towards Industry 5.0. 10th IFAC 
Conference on Manufacturing Modelling, Management and Control MIM 2022. IFAC-
PapersOnLine 55(10), 2641–2646. 

Rasmussen, M.D. 2012. Educational requirements to support research and innovation in 
Bioenergy. Agronomy Research 10(S1, 205–209. 

Rauschecker, U., Meier, M., Muckenhirn, R., Yip, A.L.K., Jagadeesan, A.P. & Corney, J.R. 
2011. Cloud-based manufacturing-as-a-service environment for customized products.  
In eChallenges e-2011 Conference, IIMC International Information Management 
Corporation. Available in https://api.semanticscholar.org/CorpusID:55829322 



969 

Saikia, B. 2023. Fostering Sustainable Businesses in Emerging Economies. Chapter Industry 5.0 - 
Its Role Toward Human Society: Obstacles, Opportunities, and Providing Human-Centered 
Solutions. Emerald Publishing Limited, Leeds, pp. 109–126. 

Schlechter, T. 2023. KI – Anwendungen in der Braubranche. Brauwelt 37–38, 952–955. 
Available in https://brauwelt.com/de/themen/management/646074-ki---anwendungen-in-
der-braubranche 

Schlechter, T. 2024. Impact of AI on the Brewing Industry: A Comprehensive Summary. Brewing 
Science 77(3–4), 18–32. 

Schlechter, T., Froschauer, R. & Bronowicka-Schlechter, A. 2020. Towards a business and 
production engineering concept for individual beer brewing applying digitalization 
methodologies. Agronomy Research 18(S1), 989–999. 

Schönberger, D., Lindorfer, R. & Froschauer, R. 2018. Modeling Workflows for Industrial 
Robots Considering Human-Robot-Collaboration. In Proceedings - IEEE 16th 
International Conference on Industrial Informatics, INDIN 2018, pp. 400–405. 

Seesaard, T. & Wongchoosuk, C. 2022. Recent Progress in Electronic Noses for Fermented 
Foods and Beverages Applications. Fermentation 8(7), 302. 

Shah, N. & Bharathi, S.V. 2023. Towards enhancing the students’ employability for industry 
5.0 through education 4.0. AIP Conference Proceedings 2869(1), 050041. 

Skobelev, P.O. & Borovik, S.Y. 2017. On the way from Industry 4.0 to Industry 5.0: From digital 
manufacturing to digital society. Industry 4.0, 2(6), 307–311. 

Volpe, M.D., Castro Peña, M.Y., Jaramillo-Gutiérrez, A. & Morris Molina, L.H. 2023. A 
Scientometric Overview of Industry 5.0: The Research Developments in the European 
Union. Digitalization, Sustainable Development, and Industry 5.0. Emerald Publishing 
Limited, Leeds., pp. 249–265. 

Vošahlík, J. & Hart, J. 2021. Measurability of quality in fermentation process of rice wine by IoT 
in the field of industry 4.0. Agronomy Research 19(S3), 1318–1324. 

Wunderlich, S. & Back, W. 2009. 1 - Overview of Manufacturing Beer: Ingredients, Processes, 
and Quality Criteria. In Preedy, V.R., editor, Beer in Health and Disease Prevention, 
Academic Press, San Diego, pp. 3–16. 

Zeidmane, A. & Rubina, T. 2019. Mathematics education for sustainable agriculture specialists. 
Agronomy Research 17(1), 295–306. 

Zizic, M.C., Mladineo, M., Gjeldum, N. & Celent, L. 2022. From Industry 4.0 towards Industry 
5.0: A Review and Analysis of Paradigm Shift for the People, Organization and 
Technology. Energies 15(14), 5221. 

 
 


