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PREFACE
This year Primo ten has been chosen as a destination of 13th MOTSP2022 conference. City
with its rich history, cultural heritage, today is one of the popular touristic destinations. It is
also recognized as a centre of congress tourism.
International scientific conference MOTSP (Management of Technology Steps to Sustainable
Production) try to integrate the ideas of sustainable production, relationship to the
environment, environmental legislation, socially responsible behaviour of companies, civic
sector, impact of new technologies, additive technologies, materials (composites, metal
foams), nanotechnology, mechatronics, production and organization improvement methods
(5S, Kaizen, Lean, SMED, 6 Sigma, Supply Chain Management, Green Logistics, LCA/LCM),
management of technology, total cost estimation, cutting of costs, risk management, change
management, reengineering etc.
How the new paradigms, like New Robotics Challenges and The Industry 4.0 as a
continuation of the multidisciplinary approach of Integrated Engineering and PLM, can assist
in the achievement of new challenges and goals? The results of the MOTSP Conference can
also contribute to this.
We are pleased that the participation in the conference exceeded our expectations more than
40 colleagues from abroad as well as Croatia honoured us with their presence. Thirteenth
edition of MOTSP conference welcomed invited speakers, prof.
, Division of
Product Development Department of Design Sciences Faculty of engineering, LTH LUND
University, with
Application of smart tools to support change management process
Case study of large power transformers
, CRTA Regional Center of
Excellence for Robotic Technologies, Faculty of Mechanical Engineering and Naval
Architecture, University of Zagreb, with
How Will Robotics and AI Change Our
Future? Tomislav Uroda, iCat Zagreb, Croatia, with
Electric power passenger
vessels on the Adriatic solar potential vs. Recharging
Predrag Brlek, Head of Logistics
and Mobility Section, University North, Croatia, with lecture Mobility as a Service (MaaS)
We are convinced that this international conference offered a unique opportunity to bring
together researchers from the different disciplines to discuss and share their knowledge and
provide a platform for further conceptual development on all conference topics.
Thanks to all the participants for support and participation in the event.
Assist. Professor,

, Ph.D.

Editor-in-Chief
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Jo e Tav ar
is Professor at the Division of Product Development, Department of
Design Sciences, Faculty of engineering, LTH LUND University. His background is
mechanical engineering. The greater part of his career he worked in technical
information systems, product development and quality systems. That is a
combination of different disciplines: processes re-engineering, information
technology, quality assurance, and methodology of design. When developing
products, he was focused on mechanical vibration, noise reduction and automatic
quality control. Polymer gears, sustainability, and cyber-physical systems are in his
research focus in the last period. Building up systems and looking for solutions are in
his greatest interest. He is also good at presentations and at mentoring. He believes
that an extensive expertise and ability to work in teams is a good foundation for
efficient work. Additional information: https://portal.research.lu.se/en/persons/jozetavcar .
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Application of smart tools to support change management
process Case study of large power transformers

The ability to manage engineering changes efficiently reflects the agility of an
enterprise. Information systems are key enablers for the integration and reliable
management of the product development process. Fast, robust, and cost-efficient
product adaptation is especially important in one-of-a-kind production. Each product
adapted to customer's requests goes through change management process. The case
study presents an implementation of information supported tools of the product
development design process for large power transformers. A robust design process
well supported by information technologies (IT) plays a key role in creating a digital
is research was to develop the product
information model and smart supporting tools for change management and
integration into the design process. Based on a systematic analysis of the sample
company, a model for the complete renewal of information systems was developed
and implemented. The results clearly show a considerable drop in engineering
changes, increased productivity, and improved business competitiveness.
The conducted research demonstrates that the change management is complex, and
therefore requires the cooperation of the entire company. In practice, successful
adaptive design means finding the most reliable and the least time-consuming way to
The conducted case study has revealed that this is possible by developing holistic
solutions and designing standardized systems, combined with highly efficient
platform designs that consider modularity and scalability coupled with a
consideration to reduce indirect costs. The implementation of information supported
design is based on integration of the 3D modeling software with parametric design,
the expert system, the computer-aided analyses, and knowledge management. The
presented approach enables reuse of successful past digital twins and maximizes the
value of customization efforts by reusing in whole or in part for future designs. The
results of the featured research are promising in multiple aspects and offer various
opportunities for further development.
The proposed framework can be generalized, which makes it applicable in similar
business environments and thus helpful for establishing the best-practice guidelines
for change management and promoting competitiveness in one-of-a-kind PD
processes.

8
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Boja
Prof. Bojan Jerbi graduated from the Faculty of Mechanical Engineering and Naval
Architecture (FSB) of the University of Zagreb in 1983. He defended his master's thesis
at the FSB in 1987, in the field Technology in Mechanical Engineering. He conducted
research as part of his doctoral dissertation in 1989 as a Florida State University Fellow
at the Department of Industrial Engineering. He defended his dissertation entitled
"Interpretation of CAD model geometry in the design of automatic assembly by an
expert system" at the FSB in 1993.
After graduating in 1984, he got a position at the FSB, where he worked at the
Department of Technology, first as an intern and then as a professional associate until
1986 when he was elected assistant. He was elected as a research assistant in 1988. He
acquired the title of assistant professor in 1995, associate professor in 2000, and full
professor in 2005. He was elected as a full professor in 2009. From 1993 to 2006 he was
the head of the Laboratory for the Manufacturing and Assembly Systems Planning.
From 2005 to 2008, he was the head of the Department of Robotics and Automation of
Production Systems of the FSB. From 2007 to 2020, he was the head of the Chair of
Manufacturing and Assembly Systems Planning. In 2021 Prof. Bojan Jerbi founded
the Regional Center of Excellence for Robotic Technologies (CRTA). In the same year,
he founded the Department of Autonomous Systems and Computer Intelligence, of
which he is also the head.
Prof. Bojan Jerbi participates in the teaching of undergraduate, graduate and
postgraduate studies, mainly in the fields of robotics, automation, artificial
intelligence and engineering computing. To date, he has introduced more than 20
subjects at the FSB (Artificial Intelligence, Computer Networks, Intelligent Technical
Systems, Autonomous Systems, Design of Automatic Assembly Systems, Vision
Systems, Computer Aided Engineering, Automation Programming, Computer
Design of Mechatronic Systems and others). He participated in the design of the new
Study program of Mechatronics and Robotics. Prof. Bojan Jerbi has been participating
in organized scientific research and professional work since 1987. He devoted himself
to the development of computer methods in engineering and artificial intelligence
methods in industrial robotics. For the last ten years he has been working on research
and development of robotic applications in medicine, collaborating with prominent
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physicians. In doing so, notable results have been achieved in clinical application,
recognized internationally. He has been a leader or collaborator on a number of
domestic and international scientific and technological development projects. A
particularly significant result of his scientific research work is the neurosurgical robot
RONNA, which has been operating regularly at the Dubrava Clinical Hospital since
2016. He has published 155 papers, of which 44 papers in journals, 80 papers in
conference proceedings, 5 papers as book chapters and 26 papers in other publications
He successfully improves and promotes scientific and professional work through
scientific organizations and professional societies. Since 2021, he has been a member
of the University Council of the University of Zagreb. He has been a member of the
Croatian Academy of Technical Sciences (HATZ) in the Department of Systems and
Cybernetics since 2007. He is the Secretary of the Department of Systems and
Cybernetics from 2013 to 2017. From 2015 to 2020 he was the president of the Croatian
Society for Systems (CROSS) and a member of the International Academy of
Engineering (Moscow). He is the editor of Transactions of FAMENA and a member of
the editorial board of the International Journal of Simulation Modeling.
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How Will Robotics And AI Change Our Future?
Bojan

The scientific, technological and social changes we face on a daily basis are
accelerating to unimaginable limits. Some confuse us and others scare us. New
technologies are drastically changing our culture and economy. The main drivers of
these changes are robotics and artificial intelligence. Without an understanding of the
aforementioned technological trends, we will not be able to shape the future. In
addition, we need to be aware of the challenges ahead. These are not just legal and
ethical issues. The scientific and technological transformation of society will deepen
social and economic inequalities. The lecture will try to touch on the mentioned
challenges and present how CRTA - Regional Center of Excellence for Robotic
Technologies at the Faculty of Mechanical Engineering and Naval Architecture,
University of Zagreb, and its researchers are dealing with them.
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Tomislav Uroda
Graduated as naval architect on university of Zagreb, where he later starts his career
as external associate for structural analysis. Leaving this position, he continues
education on Bled school of management and redirect professional life toward the
organizational issues in En2eco ltd, Cronomar ltd, and finally (present) at iCat ltd, as
cofounder and managing director. Professional interest is project and innovation
development, maritime green technologies, and sea transportation network
development.
ICat company has grown from a project to a company level, established and managed
by Tomislav Uroda. ICat stand for island catamaran, with mission to develop a
passenger transportation model as a solution for the country of thousand islands
without sustainable transportation network. ICat is focused on the development of
low-cost transportation vessels, fostering innovations, light materials, and renewable
energy, developing at the same time model of sustainable transportation network for
the Adriatic.
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Electric Power Passenger Vessels On The Adriatic
Potential Vs. Recharging

Solar

Tomislav URODA

Electric vessels are possible in the Adriatic Sea with certain restrictions. The potential
of electric motor vessels in the Adriatic Sea is defined by the speed and autonomy of
navigation, the frequency of departure and the size of the vessel. Changes in the
design of electric vessels represent a design concept, where hull resistance and vessel
weight (displacement) are more important than ever before. In what range are
classification societies ready for electric vessels? Can electric boats be used
everywhere?
The presentation will answer several topics related to the application to electric
vessels.
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Predrag Brlek
Born in Varazdin, live in Zagreb, work in Varazdin and Koprivnica. He accomplished
Doctoral Study at University of Zagreb, Faculty of Transport and Traffic Sciences in
sanation of dangerous spots on roads with the use of geopart at many conferences and has many technical and scientific publications in the
field of sustainable mobility, traffic safety and transport planning which qualified him
for obtaining a title of scientific associate in scientific area of technical sciences.
His working experience started at Institute of Transportation and Communications
Zagreb where he passed all phases from an expert associate through the leader of
studies and projects to the director. In seventeen years he participated as a leader or
author-contributor in more than a hundred traffic projects or studies. He worked at
Polytechnic Nikola Tesla in Gospic as senior lecturer in Department for Road Traffic
and he is visiting lecturer at Faculty of Transport and Traffic Sciences, University of
Zagreb.
In the past four years he works as assistant professor at University North at
Department of Logistics and Sustainable Mobility and is head of Logistics and
mobility section. He is the University North's leader of two Interreg projects in the
field of sustainable- and electroswiss-
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Mobility as a Service (MaaS)
Predrag BRLEK

transport services into a single on-demand service using a single application with a
single payment channel. The goal of Maas is a world where you
car to live mobile and hassle-free, where there is no need to restrict driving, but where
people have a better alternative instead. Although MaaS concept is a relatively new it
takes on increasing importance; therefore, it needs to be strongly and systematically
developed further. The occurrence of bottlenecks, congestion, increased fuel
consumption and environmental pollution are the basic problems of large urban areas
and MaaS with its functionalities it can solve some of these problems and greatly
reduce external costs in traffic, such as congestion, pollution, reduce noise, but also
reduce the number of accidents.
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Predicting of Roll Surface Re-Machining Using Artificial
Neural Network
, Andrej MIHEVC3

1,2

4

5

University of Ljubljana,

1

Ljubljana, Slovenia
College of Industrial Engineering Celje, Celje, Mariborska cesta 2, 3000 Celje, Slovenija

2

3

Facu

4

cesta 12, 1000 Ljubljana, Slovenia
University of Maribor, Faculty of mechanical engineering, Maribor, Smetanova ulica 17, 2000
Maribor, Slovenia

5

The paper presents a model for predicting the roll wear in the hot rolling process. It
includes all indicators from the entire continuous rolling line that best predict the roll
wear in the hot rolling process. Data for model development were obtained from
annual production on the first rolling stand of the continuous roll mill. The main goal
of the research was to determine significant parameters that affect the wear of the roll
in the process of hot rolling. It has been found that the amount of rolled material before
the re-machining of the roll surface has the greatest impact on the life of the roll
contour. Therefore, the amount of material rolled before re-machining of the roll was
used to estimate the wear of the roll. An artificial neural network was used to predict
this amount of rolled material and was validated using data from one-year
production.

Keywords: artificial neural network, linear regression, hot rolling, prediction, roll wear
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Context-Driven Method in Realization of Optimized HumanRobot Interaction
Leon KOREN1

1

1

1

University of Zagreb, Faculty of Mechanical Engineering and Naval Architecture, Ivana Lucica 5,
10000 Zagreb, Croatia

1

Perceptual uncertainty and environmental volatility are among the most enduring
challenges in robotic research today. Contemporary robotic systems are usually
designed to work in specific and controlled domains where a total number of variables
is defined. Traditional solutions therefore often result in over-constrained interaction
spaces or rigid system architectures where any unexpected change can result in
system failure. The focus of this work is set on achieving a constant adaptation of the
system to changes through interaction. A computational mechanism based on the
entropy reduction method is integrated along with the three-component control
model. This model is seen as a context-to-data interpreter used to provide contextaware reasoning to the technical system. The mechanism is using a decrease in
interaction uncertainties when proofs are provided to the system. In this way, the
robot can choose the right interaction strategy that resolves reasoning ambiguities
most efficiently.
Keywords: human-robot interaction, context, cognitive informatics, affective, robotics,
probabilistic reasoning, knowledge representation, emotions, ubiquitous computing
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Condition Monitoring of Rotary Machinery Using Industrial
IOT Framework: Step to Smart Maintenance
Davor KOLAR1, Dragutin LISJAK1, Martin CURMAN2

3

University. of Zagreb, Faculty of Mechanical Engineering and Naval Architecture, Ivana Lucica 5,
10000 Zagreb, Croatia

1

Klimaoprema d.d., Gradna 78A, 10430 Samobor, Croatia

2

Department of Thermal Technology, University of Technology and Humanities in Radom,
Stasieckiego Street 54, 26600, Radom, Poland

3

Modern maintenance strategies, such as predictive and prescriptive maintenance,
which derived from the concept of Industry and Maintenance 4.0, involve the
application of the Industrial Internet of Things (IIoT) to connect maintenance objects
enabling data collection and analysis that can help make better decisions on
maintenance activities. Data collection is the initial step and the foundation of any
modern Predictive or Prescriptive maintenance strategy because it collects data that
can then be analysed to provide useful information about the state of maintenance
objects. Condition monitoring of rotary equipment is one of the most popular
maintenance methods because it can distinguish machine state between multiple fault
types. The topic of this paper is the presentation of an automated system for data
collection, processing and interpretation of rotary equipment state that is based on
IIoT framework consisting of an IIoT accelerometer, edge and fog devices, web API
and database. Additionally, ISO 10816-1 guidance has been followed to develop
module for evaluation of vibration severity. The collected data is also visualized in a
dashboard in a near-real time and shown to maintenance engineering, which is crucial
for pattern monitoring. The developed system was launched in laboratory conditions
using rotating equipment failure simulator to test the logic of data collection and
processing. A proposed system has shown that it is capable of automated periodic
data collection and processing from remote places which is achieved using Node RED
programming environment and MQTT communication protocol that enables reliable,
lightweight, and secure data transmission.
Keywords: Industrial Internet of Things, automated data collection, MQTT, accelerometer,
Node RED
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A Personalized and Scalable Machine Learning-Based File
Management System
Bansal VEENA1, Sati DHIRAJ2
Indian Institute of Technology Kanpur, Kanpur-208016, India

1

2

Capital Business Systems Pvt. Ltd., 288 A, Phase IV, Udyog Vihar, Sector 19, Gurugram -122016,
India

In this work, we present a hybrid image and document filing system that we have
built. When a user wants to store a file in the system, it is processed to generate tags
using an appropriate open-source machine learning system. Presently, we use
OpenCV and Tesseract OCR for tagging files. OpenCV recognizes objects in the
images and TesserAct recognizes text in the image. An image file is processed for
object recognition using OpenCV as well for text/captions process using Tesseract
which are used for tagging the file. All other files are processed using Tesseract only
for generating tags. The user can also enter their own tags. A database system has been
built that stores tags and the image path. Every file is stored with its owner
identification and it is time-stamped. The system has a client-server architecture and
can be used for storing and retrieving a large number of files. This is a highly scalable
system.
Keywords: document database, file tags, image tags, object detection, personalized filing
system, scalable, tags database
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Design and Establishment of a Learning Factory at the
FMENA Zagreb
, Mihael GUDLIN1, Matija GOLEC1, Anja

1

1
1

1

1

University. of Zagreb, Faculty of Mechanical Engineering and Naval Architecture, Ivana Lucica 1,
10000 Zagreb, Croatia

1

Accelerated technology developments caused by Industry 4.0 create problems in its
implementation. One of the most important factors that hinder the transition of
companies is ignorance and, therefore, the fear of new technologies present among
employees. Learning factories have proven to be one of the best solutions for
introducing employees to the technologies of Industry 4.0. Croatia is significantly
behind in implementing the features of Industry 4.0, especially compared to more
developed countries. To facilitate the transition of the Croatian industry to Industry
4.0, it is necessary to acquaint existing and future employees with its technologies
through learning factories. There is currently only one learning factory in Croatia,
which is too few. This paper presents the process of design and establishment of a
learning factory at the Faculty of Mechanical Engineering and Naval Architecture in
Zagreb, which facilitates research work and education of students and employees
with Industry 4.0.
Keywords: Industry 4.0, Learning Factory
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Process & Software selection for Robotic Process Automation
(RPA)
Bernhard AXMANN1, Harmoko HARMOKO1
Faculty of Engineering and Management, Technischen Hochschule Ingolstadt, Esplanade 10, D-85049
Ingolstadt, Germany

1

The Centre for Applied Research (ZAF), Technischen Hochschule Ingolstadt, Esplanade 10, D-85049
Ingolstadt, Germany

2

Robotic process automation (RPA) is a technology for office automation to imitate
human behaviour when interacting with computers to perform digitized tasks
manually, such as opening and closing applications, reading documents, entering
data, and sending e-mails. As with any new digital technology answering the question
of where to start and what is the right software, is challenging. In the case of RPA, the
question of where to start depends on the selection of the business process to be
automated and optimized. There are approaches for process selection in research, but
they are relatively complex and have not been validated in practice. To fill this gap,
we have simplified the process selection method and validated it on a practical
example. We also present a simple method to select the appropriate RPA software.
The criteria selection and evaluation were done with the Pairwise Comparison and
Benefit Value Analysis method. This approach is relatively easy to follow and to apply
in practice and thus also closes a gap in applied research.
Keywords: RPA (Robotic Process Automation), Assessment, Process Selection, Software
Selection, Office Automation
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Multi-Criteria Model for the Selection of New Process
Equipment in Casting Manufacturing: A Case Study
1

1

1

1

University of Rijeka, Faculty of Engineering Vukovarska 58, 51000 Rijeka, Croatia

1

The decision to introduce new process equipment is always a complex and risky
process. An important competitive advantage in the automotive industry is the
integration of new process equipment into the production system using different
decision-making models composed of measurable key indicators, scientific methods
and empirical values, study defines a multi-criteria model based on various scientific
sources combined with extensive manufacturing experience, which is an important
tool for making quality decisions when introducing new equipment or technology.
The study considers five main areas of indicators and characteristics: internal,
external, financial, knowledge level, and other important indicators. By applying the
Delphi method, the importance of the indicators is defined by multidisciplinary
experts and the order of each characteristic is determined, which is then prioritized
using MCDM methods to select the final solution. The paper presents the model
definition and a practical application of the model to the castings manufacturing in
the automotive industry.
Keywords: AHP, MCDM, new process equipment, strategic decision, TOPSIS
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Advanced Technologies in Logistics Engineering: Avs/Rs
with Shuttle Vehicles Capable of Serving Multiple Tiers of
the Storage Rack
Tone LERHER1

1

University of Maribor, Faculty of Logistics, Mariborska cesta 7, 3000 Celje, Slovenia

1

This paper presents Automated-Vehicle Storage and Retrieval Systems (AVS/RS) for
successful application in intralogistics. The first part of the paper presents classic and
advanced AVS/RS along with specific intralogistics automation systems known as
AutoStore from Swisslog and Skypod from Exotec. The second part of the paper
focuses on an advanced system with shuttle vehicles capable of serving multiple tiers
of the storage rack. An analytical model for the shuttle vehicles capable of serving
multiple tiers of the storage rack is presented, which is based on (i) the sequences of
acceleration, constant velocity and deceleration, and (ii) randomised assignment
policy. Based on the presented model, the expected Single Command (SC) and Dual
Command (DC) travel (cycle) time as well as the throughput performance of the
shuttle vehicles capable of serving multiple tiers of the storage rack, could be
calculated. A programme code in MATLAB has been presented for the numerical
calculation of the travel (cycle) times and throughput performances of AVS/RS with
shuttle vehicles capable of serving multiple tiers of the storage rack.
Keywords: Automated warehouses, Automated vehicle-storage and retrieval systems
AVS/RS, Shuttle vehicles serving multiple tiers of the storage rack, Cycle time and throughput
performance, Analytical and numerical model.
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Influence of Programming Language on the Execution Time
of ant Colony Optimization Algorithm
Luka OLIVARI1, Luca OLIVARI1
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Supply chains can be accelerated by route optimization, a computationally-intensive
process for a large number of instances. Traveling Salesmen Problem, as the
representative example of routing problems, is NP-hard combinatorial problem. It
means that the time needed for solving the problem with exact methods increases
exponentially with the increased dataset. Using metaheuristic methods, like Ant
Colony Optimization, reduces the time needed for solving the problem drastically but
finding a solution still takes a considerable amount of time for large datasets. In
to
finding a quality solution. The programming language used for finding the solution
also influences execution time. In this paper, the execution time of Ant Colony
Optimization to solve Traveling Salesman Problems of different sizes was measured.
The algorithm was programmed in several programming languages, execution time
was measured to rank programming languages.
Keywords: Ant Colony Optimization, ACO, execution time, programming language,
Traveling Salesmen Problem, TSP.
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Dispo 4.0 | Simulation-Based Optimization of Stochastic
Demand Calculation in Consumption-Based Material
Planning in the Capital Goods Industry
Alexander SCHMID1, Felix KAMHUBER1, Thomas SOBOTTKA1, Wilfried SIHN1
Fraunhofer Austria Research GmbH, Theresianumgasse 7, 1040 Vienna, Austria

1

This paper presents a digital material planning approach, utilizing simulation-based
optimization to select and parametrize article specific demand forecasting methods.
Demand forecasts are the basis of material requirements planning in consumptionbased material planning, and are an essential lever for efficient inventory and order
calculation. Despite their acknowledged potential, digital tools for optimized demand
calculation are still lacking in practice. Thus, the goal of the presented approach to
provide an application-oriented method to optimally select and parametrize state-ofthe-art forecasting methods, based on product-specific demand data. In this approach,
a rule-based selection heuristic is combined with static simulation of demand timeseries and a metaheuristics-based optimization of forecasting parameters, to provide
automatically optimized article-specific demand forecasts. Case studies for two
companies in the capital goods industry evaluate and quantify the application
potential. The results point to significantly improved, item-specific demand planning.
Keywords: demand planning, exponential smoothing, forecasting, parameter optimization,
simulation.
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Greenhouse Gas Emissions of Electric Cars - A
Comprehensive Evaluation
Mario HIRZ1, Helmut BRUNNER1, Thu Trang NGUYEN1
Institute of Automotive Engineering, Graz University of Technology, Inffeldgasse 11/2, 8010 Graz,
Austria

1

As an important trend in the automotive industry, electrification of propulsion
systems has potential to significantly reduce greenhouse gas emissions of the
transportation sector. Whereas electric vehicles do not produce exhaust emissions
during driving, the impact of electricity provision for charging the batteries as well as
the impact of vehicle production play an essential role in a holistic consideration of
the carbon footprint. The paper introduces a comprehensive evaluation of greenhouse
gas emission-related factors of battery-electric cars, considering the entire product life
cycle. This comprises vehicle production, including battery system, electric
of different electricity mixes, user patterns and the end-of-life phase. The results of the
study can serve as a basis for comparison with the characteristics of cars driven by
conventional propulsion systems and allow a detailed discussion of the different
technologies, especially under consideration of future development trends.
Keywords: electric cars, greenhouse gas emissions, life cycle assessment, production
technologies, technology evaluation.
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A Working from Home (Wfh) 2022 - Best Practices
Implementation and Case Study of Company Agreement
Stefan SCHMIDT1, Benjamin Stefan Godwin SCHMIDT2
Technology Management and Management Training/VWI, Fritzstrasse 41, D-82140 Olching,
Germany
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2

While four per cent of employees in Germany worked from home before the covid
crisis, this figure was around 30 per cent in the first lockdown in April 2020. Now
working from home and mobile working are part of the everyday life of many
employees. Experience has shown that many activities can also be carried out from
other locations than the classic office in the company. Location-flexible work will also
still be standard in some sectors after the crisis. This article shows employees'
experiences with working from home in corona times, with serious advantages and
disadvantages being reported. Best practices as implementation of company
agreements are presented based on an OEM example: Example of working from home
(WFH) / office work, life-phase oriented working time instruments as a personnel
management success factor, promotion of cross-border cooperation, efficient use of
resources, questions on learning from the pandemic, working through the corona
period with employees, recommendations for surviving this crisis and culture of trust
versus control.
Keywords: best practices, company agreements, case study, covid crisis, employees'
experiences, working from home
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Influence of Infill Pattern on 3d-Printed Parts Compression
Strength
Damir GODEC1
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1

Article presents analysis of the influence of infill pattern on 3D printed parts
compression properties. Most of the researches from this field covered tensile 3Dprinted parts properties, but for some applications compression mechanical
properties are far more important. For the analysis of compression strength, 3Dprinted specimens were produced by Fused Filament Fabrication (FFF) process from
acrylonitrile butadiene styrene (ABS) with different shapes of infill pattern. Testing
results showed that honeycomb infill pattern results with the highest compression
strength. Unexpected result was the lowest compression strength of gyroid infill
pattern, which must be more deeply investigated.
Keywords: Additive Manufacturing, Fused Filament Fabrication, Acrylonitrile Butadiene
Styrene, compression strength, infill pattern
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Towards a Circular Product (Re)Design Methodology:
Proposition of the Unlinear Method to Foster Circularity
Bixente DEMARCQ1, Dimitri MASSON1, Jérémy LEGARDEUR1, Antoine
MILLET1
1

Works on garment and shoe dismantlement and recycling have highlighted the
complexity of this kind product and the difficulty to find a recycling channel for each
material they are made of. The way they are designed perturbate the recycling process
at products end of life. This paper examines these product complexities and proposes
Unlinear methodology to help product design teams to redesign a more circular
products which materials can be recovered at the end of their life. This method is
based on a standardized product representation tool where each component product
is made of is represented with its material and the function it ensures.
Keywords: Circularity, Design for recycling, Material recovery, Product dismantling
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Influence of the Process Input Parameters on the Cross-Wire
Weld Breaking Force
Domagoj

1

1

1

, Sandro

1

University of Rijeka, Faculty of Engineering, Vukovarska 58, 51000 Rijeka

1

Cross-wire welding is a type of electric resistance welding called projection welding
that is used in the production of a variety of products. This paper deals with the case
where steel wires of equal radii are joined together to form a reinforced steel mesh.
The objective of the study is to determine the correlation between the welding
parameters and the breaking force of the weld. Each weld is cut out from the given
wire mesh and tested separately by destructive testing on the universal testing
machine. A modular testing fixture was constructed for the tests. Although the tests
are still in the initial stage, the results already give a good insight into the influence of
the process input parameters on the breaking strength of the weld.
Keywords: breaking force, cross-wire welding, destructive testing, electric resistance
welding, projection welding, welding
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Linear Displacement and Straightness Measurement by
Fabry-Perot Interferometer Integrated with an Optoelectronic
Module
Syuan-Cheng Chang1, Chung-Ping Chang2, Yung-Cheng Wang1, Ze-Fong You1
1

National Yunlin University of Science and Technology, 123 University Road, Section 3, Douliou,
Yunlin 64002, Taiwan, R.O.C.
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2

This research develops a three degrees of freedom (DOF) measurement system by
integrating Fabry-Perot interferometer and photoelectronic inspection module to
determine linear displacement, horizontal and vertical straightness geometric error
parameters simultaneously. The interferometer and the photoelectronic inspection
module in a three DOF measurement system share the same light source, and the two
structures are used to measure linear displacement and straightness errors. The
experimental results are utilized to calculate the relevant error parameters according
to ISO standards and numerical analysis. They show that after the machine error

l and vertical straightness errors
.
Keywords: Linear displacement, Straightness measurement, Interferometer, Optoelectronic
module
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Analysis of the Cross-Wire Welding Process Stability
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1

The research paper was prepared within the framework of a project whose aim is to
improve the durability of the corrosion protection properties of the product by
regulating the input parameters of the cross-wire welding process. Cross-wire
welding is a subtype of electric resistance welding. Products made by the cross-wire
welding process are widely used in everyday life and can be found in the form of
grids, gratings, fencing systems, baskets, guards, etc. The subject of the research work
is a preliminary analysis of the stability of the cross-wire welding process. The results
of the performed analysis will serve as a starting point for the second phase of the
project. Since the recorded values of the set down output parameter differ significantly
from the expected values, this parameter is considered as an indicator of the process
stability. From the specific trend of the results in the performed analysis, it was
concluded that the position of the electrode has a significant influence on the result,
which was confirmed by comparing the test results before and after the preliminary
tests.
Keywords: welding process, electric resistance welding, cross-wire welding, process stability
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Financial Sustainability in Austrian Industrial Companies
Claudia BRANDSTÄTTER1, Marina SCHOBER1, Daniela WILFINGER1
International Industrial Management, FH JOANNEUM, Werk-VI-Straße 46, 8605 Kapfenberg,
Austria

1

The Green Deal published by the European Commission in 2019 pursues the goal of a
climate-neutral continent. Its guidelines cover sustainable finance, industry, and
energy supply, among other areas. Choosing sustainable investment and finance
promotes the shift to a more carbon neutral, circular and environmentally conscious
economy and underpins financial stability. Companies that want to remain
competitive must embrace sustainable business practices. This means considering
sustainable investments and corporate financing along the value chain. In this article,
we will show which sustainable forms of financing are available to companies analysing Austrian industrial companies. Furthermore, it will be worked out when
investments are to be judged as sustainable and what kind of sustainable investments
are made by the companies surveyed.
Keywords: green debt capital, green equity, sustainable criteria, sustainable forms of
financing, sustainable investments
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Implications of the Digitalization on Human-ResourceControlling
Daniela WILFINGER1, Claudia BRANDSTÄTTER1, Julia MITTEREGGER1
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Austria

1

The advancing digital transformation is increasing the cost pressure on companies.
-evaluated. Therefore, efficient HumanResource-Controlling (HR-Controlling) with increased use of technologies promises
companies a sustainable improvement in their financial situation. This paper shows
the potential of the recent digital technologies on HR-Controlling, such as Big Data or
Advanced Analytics. To demonstrate the impacts of the digital transformation on HRControlling, an empirical study with Austrian companies has been done. As a result,
the most promising technologies for each stage in the HR-Controlling-loop are shown
to increase the efficiency in HR-Controlling.
Keywords: Advanced Analytics, Big Data, Controlling, Digitalization, Human-Resources,
HR-Controlling-Loop
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ARTIFICIAL INTELLIGENCE AND SUSTAINABLE
MANUFACTURING AN OVERVIEW
Borut BUCHMEISTER1, Iztok PALCIC1, Natasa VUJICA HERZOG1, Robert
OJSTERSEK1
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In increasingly digitized manufacturing environments, there are more and more
opportunities to implement artificial intelligence (AI)-based solutions. Artificial
intelligence is the main driver for the expected changes in production systems in terms
of sustainability. Robots and AI will prove to be far more disruptive than anything we
have experienced before. The most effective AI systems will be developed based on
the concept of intelligent augmentation. They will do the math and basic analysis,
relieving skilled operators of a tedious burden, absorbing data, classifying and
prioritizing information, running simulations, and ultimately leaving the human
operator to decide how to proceed. In the AI future, jobs that require human creativity
and management skills will enjoy the greatest job security. This is our competitive
advantage as humans. Some worry that as AI evolves, it will displace workers and
create an ever-larger pool of unemployed humans who cannot compete economically
with machines. While this concern is understandable, it is unfounded. In fact, AI will
be the biggest job engine the world has ever seen. The results of our investments in AI
must be consistent with a sustainable future for all of us.
Keywords: artificial intelligence, jobs, manufacturing, robots, sustainability
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ARTIFICIAL INTELLIGENCE AND SUSTAINABLE MANUFACTURING
OVERVIEW

AN

Borut BUCHMEISTER, Iztok PALCIC, Natasa VUJICA HERZOG, Robert OJSTERSEK
Abstract: In increasingly digitized manufacturing environments, there are more and more opportunities to implement artificial intelligence (AI)-based solutions. Artificial intelligence
is the main driver for the expected changes in production systems in terms of sustainability. Robots and AI will prove to be far more disruptive than anything we have experienced
before. The most effective AI systems will be developed based on the concept of intelligent augmentation. They will do the math and basic analysis, relieving skilled operators of
a tedious burden, absorbing data, classifying and prioritizing information, running simulations, and ultimately leaving the human operator to decide how to proceed. In the AI
future, jobs that require human creativity and management skills will enjoy the greatest job security. This is our competitive advantage as humans. Some worry that as AI evolves,
it will displace workers and create an ever-larger pool of unemployed humans who cannot compete economically with machines. While this concern is understandable, it is
unfounded. In fact, AI will be the biggest job engine the world has ever seen. The results of our investments in AI must be consistent with a sustainable future for all of us.
Keywords: artificial intelligence, jobs, manufacturing, robots, sustainability
1.

INTRODUCTION

Artificial intelligence (AI) refers to systems that exhibit
intelligent behaviour by analysing their environment and taking
action - with some degree of autonomy - to achieve specific goals.
The development of AI is one of the most important events in recent
human history. Now we are on the cusp of a new revolution driven
by the transformative power of new technologies. Technologies such
as AI, genetic engineering, virtual reality, robotics and 3D printing
will fundamentally change our lives in the future [1, 2]. They are
incomparably more powerful and are evolving at a much faster pace
than any technology before. Important questions concern the
relationship between AI and sustainability and sustainable
development in terms of technology assessment.
Industry 4.0 has revolutionized the way companies
manufacture, improve and distribute their products. Manufacturers
have integrated new technologies into their production capabilities,
including the Internet of Things (IoT), cloud computing, analytics,
AI, and machine learning (ML). The key lesson from Industry 4.0 is
that human cognitive and analytical skills are irreplaceable.
Machines rely on operators, programmers, and human maintenance.
Not everything can be automated yet.
Industry 5.0 is a new trend that focuses on collaboration
between humans and machines. It is about defining the roles of
humans and machines and how the interaction will take place.
We provide an overview of the key changes in the
manufacturing industry that will be triggered by the use of AI. We
also discuss the critical issues, opportunities and threats that new
technologies and expected changes may bring.
2

GENERAL AI TOOLS AND TECHNOLOGY

AI showed great promise in industry 20 to 30 years ago;
expectations were high, but interest declined. There were some
successes with smaller and easily solvable problems. What is
different today?
Cheaper storage of data (big-data infrastructure).
Higher processing power (GPU, HPC).
Open source solutions (Python, Java, Hadoop, Spark).
Trust and acceptance (AI in consumer devices).
Technological thrust (eg. deep learning) and market demands
(Industry 4.0, 5.0).

AI can play an important role in promoting sustainable
development. Hopes are based on the application of some key AI
skills. These are skills in natural language processing, such as speech
recognition or machine translation, or in computer vision, with
image recognition and classification.
So how should we describe AI today? According to the
dictionary, AI refers to "any computer system capable of performing
tasks that normally require human intelligence." How is this possible
in practice? AI capabilities today derive from three major sources:
First, data the huge amount of information provided by the
IoT.
Second, perception that is, the ability to recognise voice and
images.
Third, cognition and problem solving that is, the ability to
continuously learn and improve.
Activities include creativity, the ability to understand spoken
language, to draw rational conclusions, and to make judgments
based on insufficient and contradictory data and past experience.
Such activities can have both advantages and disadvantages in
contemporary society. Pavaloiu and Kose [3] point out that in AI it
is impossible to outsource ethics, even if there is algorithmic
responsibility, because every other system cannot always do the
right thing in the right way and for the right reasons. Systems like
robots are unreliable and cannot be fully trusted because of their
unreliability.
Most of the recent advances in AI are based on the application
of various machine learning techniques. Deep learning AI is
becoming increasingly powerful. Such algorithms are used to equip
computers with the ability to learn without being explicitly
programmed. They require a suitable set of training data and
sufficient computational resources to perform the training. Such
systems are ideal for classification tasks, but the person using such
AI algorithms is in the dark about how the system actually makes its
decisions.
A general deep learning AI routine could be trained with a
company's data, automatically run simulations of possible futures,
and create algorithms needed to achieve desired business
efficiencies. The AI could use operations research algorithms that are
already known, apply them to new situations, and constantly adjust
and recalculate to get the optimal efficiency. It could develop
algorithms to optimize the shipping of consumer goods for a single
device manufacturer by determining the most efficient path for
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delivering each item from the factory to the consumer's store shelf or
front door. It would gradually expand its capabilities to ensure
optimized delivery of the raw materials needed to manufacture the
devices and any other logistical task needed to reduce costs and
increase factory productivity. This AI application could then
optimize marketing efforts, ensuring that product design meets
customer expectations and that advertising targets the very people
most interested in the product. It could adapt to help retailers
optimize product placement on shelves, and then provide support
for logistics, marketing, accounting, and all other common business
tasks [4].
As the cost of data processing and storage decreases and
computing power and algorithms become readily available, AI
occupies a unique place. Not only can it bring tangible business
returns in a very short time, but it is also having a positive impact on
energy consumption and related environmental issues in global
manufacturing. There are now more than 30 billion connected
devices on the planet. As a result, the Big Data mountain is growing
beyond recognition. Machines communicating with humans and
other machines are generating so much data that we have generated
more data in the last two years than in the last 5,000 years of human
history [5].
There is no doubt that manufacturing is leading the way in the
application of AI technologies. From significantly reducing
unplanned downtime to better designed products, manufacturers
are applying AI-powered analytics to data to improve efficiency,
product quality, and worker safety [6].
AI algorithms formulate estimates of market demand by
looking for patterns that link location, socioeconomic and
macroeconomic factors, weather patterns, political status, consumer
behaviour, and more. This information is invaluable to
manufacturers, allowing them to optimise staffing, inventory
control, energy consumption and raw material supply.
AI technology is now making its way into manufacturing, and
the ML technology and pattern recognition software that underlie it
could be the key to transforming the factories of the near future.
There is also no question that AI is key to future growth and
success in manufacturing. In a Forbes Insights survey on AI, 44 % of
automotive and manufacturing respondents rated AI as "highly
important" to the manufacturing function over the next five years,
while 49 % said it was "absolutely critical to success" [7].

ethical responsibility that comes with algorithmic decision-making
is often brought to the fore, with the benefits of AI usually
overlooked.
3

MANUFACTURING SECTOR

The industrial sector is responsible for one-third of the world's
GDP and half of the world's energy consumption. It is a major user
of fresh water and other natural resources, as well as a major
generator of waste and emissions. Given this large environmental
impact, improving the efficiency of industrial processes is critical to
the sustainable future of the world [8].
There is a tremendous opportunity for manufacturers [9] (Fig.
1) that can only be realised through the use of new information
technologies such as social, mobile, analytics, and cloud along with
operational technologies such as sensors, machine-to-machine
communications, additive manufacturing, and robotics. Digitization
of production is easier than ever before (sensors, web technologies,
standardisation).
Human perception of large data sets of strategic importance is
limited: the physical picture is often too complex or unknown for
direct modelling, but AI and ML enable the ingestion and
consideration of large data sets and the search for hidden laws
(predictions, advice).
The state of EU industry shows a lack of stored data, less than
30 % of companies use data analytics or IoT, and less than 10 % use
AI solutions. AI is part of the EU Commission's strategy for the
digitization of industry and the revised Industrial Policy Strategy.

2.1
AI looks like an incredibly promising technology. It's inspiring
and exciting, but that's probably what makes it scary in parts. There
is still too much ambiguity in the field. There has been a lot of
criticism about the extent to which AI can be used to promote
development. This has been about the human elements that a
machine lacks, such as the ability to understand ethical and
philosophical issues. AI can compute but not judge, as it inevitably
lacks crucial human qualities such as wisdom, empathy,
compassion, etc. Without a political and social environment that
supports its development, AI alone certainly cannot bring about
sustainable change.
The kind of AI we are dealing with today is called "narrow" AI.
This differs from the much-cited "strong" AI, which is thought to
mimic general human consciousness. Each of these existing systems
can excel at specifically defined, constrained tasks where they can
handle uncertainty better than humans. In the real industrial world,
nothing is ever fully known [8].
AI can bring with it some frightening impressions. Widespread
job loss and apocalyptic scenarios of a superintelligence confronting
humanity are just two of the issues the media likes to focus on. The

Figure 1 Opportunities for AI in industry (integration of different
information systems' data) [9]
Much of the emphasis is on replacing old technologies with new
renewable energy sources and a variety of "green" production
initiatives. It is inconceivable that these can be implemented across
the world in the short term. Especially considering that heavy
industry
the largest contributor to waste and resource
consumption operates in a low-margin sector that struggles to
remain competitive. Instead, companies are focused on survival
rather than investing in a sustainable future.
For manufacturers, growth in an Industry 4.0 environment will
be inextricably linked to a company's ERP system. The boundaries
between manufacturing and management must disappear, and ERP
and Manufacturing Execution Systems (MES) must form an
integrated whole if companies are to take advantage of the growth
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opportunities presented by this new era of smart manufacturing
with smart products, smart manufacturing processes and smart
services.
It is evident that integrating Industry 4.0 technologies and
principles to assess and develop sustainable manufacturing can help
maximize the economic, environmental, and social values of
Industry 4.0 [10].
Intelligent manufacturing is a constantly evolving concept that
can be summarised into three basic paradigms: digital
manufacturing (1st generation intelligent manufacturing), digital
networked manufacturing (2nd generation), and new generation
intelligent manufacturing [11]. When analysing the evolution of
intelligent manufacturing, it becomes clear that the process of
evolution from traditional manufacturing to intelligent
manufacturing is also a process of evolution from original humanphysical systems (HPS) to human-cyber-physical systems (HCPS).
Typical resources are transformed into intelligent objects so that they
are able to recognise, act, and behave within an intelligent
environment.
3.1

Product design

AI is also changing the way we design products. One method is
to input a detailed brief defined by designers and engineers as input
to an AI algorithm (generative design).
The brief can include data describing constraints and various
parameters such as material types, available production methods,
budget constraints, and timelines. The algorithm explores every
possible configuration until an optimal design solution is reached
[12, 13]. One of the biggest advantages of this approach is that an AI
algorithm is completely objective.
3.2

Digital twins

A digital twin is a virtual model of a process, product or service.
The digital twin leverages the IoT, but requires machine learning
and AI capabilities. Digital twins are especially useful when working
remotely with devices. The digital twin is a support tool in making
decisions about the parameters of the production process. Some
studies report 30 % cost reduction, 20 % planning time reduction,
and 8 % productivity increase using digital twins [14, 15].
3.3

Virtual reality

Virtual reality (VR) will enable new tools to perform tests in the
virtual world. We will be able to avoid the dangers of trials, tests and
learning situations presented to employees, as this type of
technology creates a safe, predictable and well-equipped
environment for learning new skills, test environment or training. It
will allow people who are in different locations to connect and work
together on situations that require troubleshooting. Simulation and
product development can help drastically reduce manufacturing
time.
3.4

Automation

Automation will help the manufacturing industry to achieve a
high level of accuracy and productivity, a level even beyond human
capabilities [16]. It can even work in environments that are otherwise
dangerous, tedious, or complicated for humans. Robotics, expected
in the future, will have capabilities such as speech and image
recognition that can replicate complex human tasks.

3.5

Quality

In the area of quality, AI algorithms are being used to inform
manufacturing teams of emerging production defects that are likely
to lead to product quality issues.
Machine vision tools can find microscopic defects in products
with resolution far beyond human vision using a ML algorithm
trained on remarkably small sets of sample images. When integrated
into a cloud-based data processing system, defects are immediately
flagged and a response is automatically coordinated [17]. This
reduces the need for manpower and provides more reliability as the
process is no longer dependent on the human factor.
3.6

Marketing

AI plays a key role in determining the context of an individual
customer. Companies that have organized data sources and some
historical data on customer business are at an immense advantage
today. AI recognizes patterns, predicts affinities, and makes
recommendations. On the one hand, this helps us better target
individuals at a particular time, and on the other hand, it helps us
better manage the sales assortment according to the purchase
predictions of known customers. AI delivers a truly personalized
approach to an individual customer across all direct channels
through which the customer wishes to communicate. The latter
means that the look and content of the online store is also adapted to
each individual depending on the context they are in, all with the
aim of improving the customer experience and, of course, increasing
sales. Such AI and the ability to create personalized content are
usually an integral part of the omni-channel communication
platforms to develop customer engagement and, to some extent, the
customer data platform. The evolution of digital advertising
networks (and especially the growth of Facebook and Google
advertising rates) has driven the need for direct and omni-channel
connection with customers. Beyond the grip and cost of ad networks.
3.7

Smart maintenance

In manufacturing, ongoing maintenance of machinery and
equipment is a major cost factor that has a critical impact on the
bottom line of any equipment-dependent production operation. As
a result, predictive maintenance has become an indispensable
solution for manufacturers. Predictive maintenance uses advanced
AI algorithms in the form of machine learning and artificial neural
networks to make predictions about equipment malfunctions. This
enables a drastic reduction in its costly unplanned downtime and an
extension of the Remaining Useful Life.
3.8

Availability of jobs

Manufacturers will feel the challenges of a shrinking talent
pool. There will not be enough qualified people to do the jobs of the
future. The available pool of workers will likely come from
developing countries, as a larger percentage of the population in
developed countries has post-secondary degrees [5].
The current and coming wave of AI will displace humans faster
than we can adapt by acquiring new skills and education. The robots
will win the race. On the other hand, there are those who try to
emphasise that the introduction of technology tends to lead to
overall employment growth as the economy adapts and demand is
created in new sectors [18].
In theory, as more and more jobs are taken over by robots,
workers will be trained for more advanced positions in design,
maintenance, and programming. During this transition, human-
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robot collaboration must be efficient and safe as more industrial
robots are used alongside human workers in production.
Automation will eliminate up to 800 million jobs worldwide by 2030
[4]. In manufacturing, AI will change your job rather than eliminate
it (Fig. 2). If it is true that workers are in a race with technology, the
question is how long education can continue to give them an edge.

workers and will begin to hurt the employment prospects of middleskilled workers. In contrast, the potential gains for high-skilled and
more adaptable workers are increasing.
Employment dynamics are also affected by globalisation and
trade agreements. Since capital is highly mobile but labour is not,
employment in tradable sectors can be eroded by unfavourable
terms of trade.
The probability that a job will be automated in the future
depends on:
certain characteristics of a job, e.g., whether it requires
creativity or persuasion,
the technology, i.e., the degree to which machines can acquire
or mimic human intelligence; and
social and cultural norms.
AI tools will give a competitive advantage to the companies that
use them, which means that the demand for operations research
(OR) will also increase; jobs at OR would increase by 27 % in the next
decade [20].
With the growing intelligence of robots, they will soon replace
workers in factories. Sensors can be used to closely monitor each step
of the process and data can be shared with AI and analytics software.
Production is increased, errors are detected and corrected more
quickly, and the entire production cycle is much more efficient [21].
In the AI future, jobs that require human creativity and
management expertise will enjoy the greatest job security. Those
who understand how to collaborate with other humans while
working with AI tools to increase the effectiveness of their
organisation will create the most value.
In the future, careers in science, technology, engineering science
and math, computer science, digital media, environmental
protection and sustainable production, and health and medicine will
be in the greatest demand.
3.9

Figure 2 AI changes manufacturing jobs
With Big Data analytics and AI playing a key role in improving
sustainable manufacturing practises and building circular economy
capacity by focusing on workforce skills, managers need to place
more importance on this area [19].
Jobs with a high proportion of tasks that require judgement,
creativity, and persuasion and that cannot be easily quantified and
codified are less suited to automation. Jobs that require visual and
voice recognition, adaptability, and face-to-face interactions are also
not suitable for automation. Most large companies will employ AI
experts to handle behavioural forensics, privacy, and building
customer trust.
Automation is changing the nature of employment, with
significant shifts in some sectors, with job growth going
disproportionately to high-skilled and low-skilled workers, coupled
with an erosion of routine middle-income jobs. Automation will
continue to put downward pressure on the wages of low-skilled

Other benefits

AI is making it easier to overcome many of the internal
challenges that exist in industry, from the lack of expertise to the
complexity of decision making to problems related to integration
and information overload. Robots are capable of working 24/7 on the
production line. Companies can thus expand their production
capacity and meet the high demand of customers worldwide. A
move toward AI means fewer human resources to perform
dangerous and overly tedious work. As robots replace humans and
perform normal and risky tasks, the overall number of workplace
accidents will decrease. Although the introduction of AI in the
manufacturing industry requires a huge capital investment, the ROI
is very high.
The big data available to organisations today has made possible
a range of AI resources that once seemed like science fiction. The
importance of AI based on Big Data analytics has increased in recent
years [19]. Big Data is challenging organisations to figure out how to
process and leverage this potential. The explosion in data availability
offers potential for the desired optimization of production systems,
especially in processes, equipment and quality. Analytics and
decision-support technologies can support optimization from data
and expert knowledge [22]. About 80 % of data is not structured and
conventional algorithms are not able to analyse it. Neural networks
and deep learning algorithms can extract insights from data to help
with business decisions. Of course, these methods require a lot of
computing power.
The implementation of sustainable production implies a rapid
increase in interfaces between IT solutions of cooperating
companies. This in turn raises concerns about security, which is a
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significant barrier to the development of sustainable manufacturing
[23]. The use of AI can be a crucial aid in this problem.
4
IMPACT OF AI ON SOCIETY AND ETHICAL
ASPECT
One of the great mysteries of the new world for many people is
AI. That is why it is right to open a debate in public about the role,
importance and impact of AI on society, the economy and the
environment.
Although AI has only really entered our lives in recent years, it
has been around for decades, in roughly four waves of development.
The first wave in the 1990s was Internet AI (web browsers and
content recommendation algorithms). This was followed at the
beginning of the new millennium by a wave of business AI (using
AI to create and output business proposals, services and products),
the next decade by the third wave of perceptual AI (face recognition,
smart homes), and just a few years later by a wave of autonomous
AI (autonomous vehicles and robots).
On the one hand, the greatest advantage of AI is efficiency and
speed, but on the other hand, there are many risks that must be
addressed to ensure that the development and use of AI in society is
based on respect for fundamental rights and freedoms, the rule of
law, and democracy. AI holds infinite potential to make the lives of
individuals easier, but also infinite potential to jeopardise the
security of those same individuals, particularly in the area of citizen
privacy, which we consider one of the fundamental rights, and the
pent-up demand for legislation in this area is a major challenge.
Digital processes that do not use personal data are virtually nonexistent today. So we have to be careful not to lose control of AI and
the fight to protect personal data.
The biggest fear regarding AI is caused by the fact that AI
developers and innovators are not sufficiently aware of how exactly
AI interferes with individual privacy and rights. That's why we need
comprehensive legislation, like the GDPR, an EU directive that
represents a revolution in data protection. The goal of everything is
accountability, transparency and traceability. The enterprise needs
to be educated about AI and acquire relevant knowledge. The role of
the state should be to spread this knowledge among its citizens,
introduce curricula on this topic in schools, and encourage the
widest possible participation in public debates on AI.
The issues of ethics and the conformity of AI with human rights
and fundamental freedoms are therefore becoming increasingly
important at the international level. The EU has taken a step towards
concretizing the understanding of ethics in the context of AI by
establishing guidelines for trustworthy AI [24], which must be legal,
ethical, and robust. This sets out principles for ensuring ethics, with
particular attention to situations involving vulnerable groups, such
as children, people with disabilities, and others with a history of
disadvantage or at risk of exclusion, as well as situations
characterized by power or information asymmetries, for example
between employers and employees or businesses and consumers
(e.g., discrimination based on race, religion, or gender).
5
AI UNDER A SUSTAINABILITY ANALYSIS
PERSPECTIVE

can only be achieved with high-quality technology that is developed
and used in a way that citizens trust.
The Regulation on a European approach to AI and the
modernization of the coordinated plan for AI will ensure the security
and fundamental rights of people and businesses, while boosting
investment and innovation.

Sustainable manufacturing is a necessary condition to conserve
natural resources and mitigate the negative impact on the
environment, the global economy and society [25]. It aims to develop
and distribute innovative products that minimize the consumption
of resources (process inputs) and avoid unnecessary process
outputs, including waste, toxic materials, and CO2 emissions
throughout the product life cycle [26]. Various analytical methods,
energy and material reduction efforts, and even transportation and
packaging systems have been used in sustainable manufacturing.
As a new service-oriented and network-based manufacturing
paradigm, sustainability in manufacturing has experienced rapid
progress and development in recent years. Sustainability can be
considered as the core of business strategy highlighted in the United
Nations' Sustainability Agenda 2030 (UN), which includes smart
manufacturing,
energy-efficient
buildings
and
green
industrialization. Industry 4.0 technologies help to achieve
sustainability in business practice [14].
The use of AI poses not only opportunities but also risks for
negative impacts on sustainability. The dimensions of sustainability
are defined as follows [27, 28]:
The individual dimension includes individual freedom and
agency (the ability to act in an environment), human dignity,
and self-realisation. In the last 50 years we have become more
and more productive [29]. However, due to job demands and
inflation, individuals are working more than before. AIpowered digital assistants, chatbots, analytics tools, and robots
could help individuals work fewer hours, increase work
efficiency, improve workers' physical well-being, and reduce
work-related injuries.
The social dimension includes relationships between individuals
and groups (trust, communication, and balancing conflicting
interests). AI can play a small role in supporting communities,
managing social media, and automating routine tasks that are
commonly outsourced. We see both benefits and threats. There
is an opportunity to empower communities, but also a need to
develop legal frameworks for AI, and all strengths and
weaknesses come with the danger of giving too much power to
AI [30]. All members of the European Union have signed a
Declaration on Cooperation in the Field of AI to present the
European approach to AI, which is based on three pillars [31]:
being at the forefront of technological developments and
promoting their adoption by the public and private sectors,
preparing for the socioeconomic changes brought about by AI,
and ensuring an appropriate ethical and legal framework.
The economic dimension includes financial aspects and
enterprise value (capital growth and liquidity, investment
issues, and financial operations). Governments of countries
with advanced economies and large technology companies are
investing in AI implementation to gain a competitive
advantage. Such investments give advanced economies a
competitive advantage at the national level, but will reduce or
stop outsourcing in emerging economies. This will disrupt local
businesses and labour markets in emerging economies, leading
to an increase in unemployment and a decrease in citizens'
purchasing power.
The technical dimension includes the ability to maintain and
evolve artificial systems over time. Deep learning enables
models consisting of multiple processing layers to learn
representations of data that have multiple levels of abstraction.
This will lead to advances in AI being able to encode AI [32],
which will lead to disruption of jobs in the IT industry.
The environmental dimension includes the use and management
of natural resources (waste production, energy consumption,
balance of local ecosystems, climate change). AI can help us
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take better care of our planet by supporting waste and
pollution management. The introduction of autonomous
vehicles could be a potential tipping point for reducing
greenhouse gas emissions through lower fuel consumption
[33]. AI can also have a negative impact on the environment,
especially due to its contribution to increasing the production
and consumption of technological devices (planned
obsolescence and depletion of natural resources).
The seven most important steps companies can take to become
a sustainable company are shown in Tab. 1.
Table 1 Steps toward becoming a sustainable enterprise [26]
Step
1
2
3
4

5
6
7

Feature of a sustainable business
Zero waste
Benign emissions: elimination of any organic and inorganic
extraction from the
Renewable energy sources including solar, wind, hydrogen
fuel cells, biofuel and geothermal.
Closing the loop: use of recycled rather than virgin
materials and different end-of-use options such as reuse,
remanufacture, recycle, and refurbishment.
Efficient transportation.
Investment in society.
Redesign of commerce, new business lines.

High investment costs, long payback period, current
technological limitations, lack of decision support tools, lack of
appropriate metrics, lack of information, especially in SMEs [26], and
lack of a standard environmental impact assessment tool are among
the barriers to sustainable systems.
Basic discussion topics include:
advanced perception and safe collaboration between humans
and machines for the factory of the future,
a comfortable working environment suitable for continuous
worker engagement and training in a real or virtual
configuration,
advancing data integration and data analytics to understand,
simulate and optimise user behaviour in industrial and service
contexts,
analysis and automatic classification of data for semantic search
and access to data for processing and simulation,
digital twins (for manufacturing),
smart retail,
monitoring, quality assessment, and image-assisted operations
in machine tools,
data-driven
production
performance
analysis
and
optimization.
multi-objective optimization for more efficient production
processes and systems,
AI-based agents for online simulation of production processes
and systems.
How to introduce AI into manufacturing? The first step is
certainly to identify the specific production problems we want to
solve and evaluate the benefits we expect to gain from using AI.
Then, we perform a technical analysis to evaluate the data sources,
the algorithms required, and the inputs to be provided. The
introduction of AI technologies enables the automation of some
analyses, interpretations and decisions, improving production
management.
AI is becoming part of the digitization strategy as it allows us to
leverage vast amounts of process data with advanced algorithms

that are capable of self-directed learning to improve efficiency and
reduce production costs.
6

CONCLUSION

AI can help find solutions to many of society's problems. The
field has experienced a renaissance in recent years. The reason for
this is excellent results in practice due to new methods, low-cost
computing power and the availability of data in digital form.
The concept of the smart factory has entered a more mature
phase. In fact, companies have begun to focus on leveraging
technologies and knowledge that they expect to deliver tangible
benefits. Great emphasis is being placed on general digitization,
increased automation and robotization of processes, and greater
integration of individual partial solutions into a common whole.
All indications are that we are in an era of significant
convergence, with information technology, operational technology
and global megatrends on a collision course. This will change the
way we do business and the way we interact with customers and
suppliers.
AI can and will have an impact in many different cases. The key
to AI contributing to a smarter, greener world is to take action now
to visualise and navigate what this technology could look like in 5 to
10 years. AI has become an innovative and revolutionary enabler in
a wide range of applications and fields.
Existing manufacturing systems and levels of manufacturing
can barely meet the need for value-added upgrades to high-value,
personalized, smart products and services. New generation smart
manufacturing will bring revolutionary changes to the
manufacturing sector and set the stage for a true fourth industrial
revolution. The manufacturing sector is perfectly suited for the
application of AI. From the design process to production to supply
chain and management, AI will transform the way we make
products and process materials
AI may be efficient at creating things, improving them, and
making them cheaper. Yet there is no substitute for human ingenuity
when it comes to dealing with unforeseen changes in tastes and
demand, or deciding whether to make things at all. For a shared,
sustainable vision of the future, we need to shift our thinking
significantly toward transformation.
The key technology of new-generation intelligent
manufacturing systems, i.e., new-generation AI technology, gives
systems the ability to learn and discover relevant knowledge and
mechanisms, and achieve human-machine collaboration through
Big Data Intelligence, hybrid human-machine intelligence, crowd
intelligence and other means.
Using AI, companies will be able to respond to market
conditions in half the time than companies that do not use AI.
Companies need to identify key applications and services supported
by AI, establish a common management and IT position on the ethics
of using AI, and prioritize the creation of a new user interface that
highlights the role of AI. AI is an opportunity for progress and new
business opportunities.
7
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PRODUCT LIFE CYCLE MANAGEMENT FOOD AND BEVERAGE INDUSTRY
PERSPECTIVE
Hassan ZIA, Leon KOS,
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Abstract: The fruit juice and beverage industry is a highly competitive market confronted with multiple problems i.e., continuously changing consumer demands and compliance
regulations, complex supply chains, traceability, shrinking profit margins, and maintaining data accuracy and completeness. The dawn of industry 4.0 in the 21 st century has further
highlighted the dire need to adopt systematic and comprehensive management of processes and the associated data. PLM is a modern integrated way of managing all the business
processes that are distributed along the life cycle of a product and enable strategic business orientation of the enterprise. PLM implementation in companies will facilitate
fundamental processes in the fruit juice and beverage industry and allow the industry players to realize higher profits by decreasing associated product costs, accelerating product
innovation, streamlining supply chains, optimizing product formulation, assure long term success, and minimizing the associated risk that can hamper product integrity.
Keywords: Digitalization, Innovation, Lifecycle, Quality management, Supplier management, Traceability.

1

INTRODUCTION

The fruit juice and beverage industry is a heavily regulated and
intensely competitive market worldwide. The companies within this
sector are confronted with many problems. The intense competition
in this industry domain often leads to a low growth rate in the
industry and increasing margin pressure. The supply chains and
product structures are dense and complex which is one of the
primary causes for the lack of transparency and traceability at all
stages of the life cycle of the product [1, 2]. The food industry
association in Europe, FoodDrink Europe, has called upon all the
industry players in the food sector to focus their research and
development on the modernization via digitalization and
emphasized food safety, which includes concerns regarding
traceability, to improve customer trust in processed food [3]. In
addition to this, the fruit and beverage industries must be vigilant
and remain aware of the many externalities which directly affect
how and what they produce. One of the crucial externalities is
regarding the rules and regulations at the national and international
level (if you export your product) which are continuously changing
and becoming complicated every single time a change is introduced
[4]. Additionally, the demands of the customers keep on changing
based on renewed concerns regarding nutrition, safety, flavor
profile, impact on environment or price of the food products
[5,6,7,8]. Due to all these problems, the product and production
management have several complications intertwined within them
making it a daunting task to be executed. Players in the fruit juice
industry have to accelerate innovation to achieve product
differentiation as a response to changes in the market and improve
revenue margins. The industries must control the product cost by
pre-empting product and supplier proliferation and assure
compliance with rules and regulations throughout the life cycle of
the product to guarantee food safe and adequate product labeling.
Furthermore, the companies must achieve visibility and traceability
along the entire supply chain and product structure. Lastly, the
completeness that is collected across the entire life cycle of the
product. A review by Pinna et al. [9] talks about all the previously
mentioned challenges confronted by the food industries and
corroborates the idea of the use of the Product life cycle management
(PLM) technique to tackle these problems efficiently and acquire
competitive advantage.
PLM is a modern integrated way of managing all the business
processes that are distributed along the life cycle of a product. PLM
facilitates conforming to the requirements of EN/ISO 19439 which
talks about the modelling of enterprises and emphasis on computeraided manufacturing. The literature review on the evolution of PLM

by Santos et al. [10] offers the different definitions that exist for PLM
which highlights that it is a comprehensive and a complicated
phenomenon and involves expertise from various disciplines in
order to be executed effectively. Although PLM solutions are often
composed of several information and communication technology
(ICT) tools to develop a well-coordinated, integrated, and userfriendly production information management environment,
fundamentally it is not an ICT-based problem [11]. PLM is more
about the strategic business orientation of the enterprise and has
multiple perspectives to it. The organization-oriented perspective
accounts for the issues related to operation and strategy and involves
disciplines of business process modeling, strategic management, and
human resource management. This perspective emphasizes the
remodeling of the relationship that exists between the resources
(people and equipment) that are employed in relevant business
processes in a product life cycle and all the associated entities like
task allocations and parameters to quantify performance.
Information-oriented perspective considers the informative
dimension and information technologies and employs expertise
from product development and ICT disciplines. An infrastructureoriented perspective talks about the ICT solutions like databases,
workstations, and general physical solutions like production
resources, suppliers, and customers [12].
PLM can allow the companies to enhance their innovation rate,
improve profit margins by helping with easy and efficient product
differentiation, construct a best in class supply network, assure
compliance with the different regulations, and become responsive to
changing customer demands with a shorter time-to-market [13,14].
This review describes fundamental processes in the fruit juice and
beverage industry that directly influence product management and
how PLM plays a role in facilitating these processes: product
innovation,
criteria
management,
supplier
management,
formulation management, packaging and labeling management,
compliance, and quality management, and data synchronization.
The review also highlights different PLM software vendors that are
operating in the domain of the fruit juice and beverage industry and
description of some of their key features which aid in addressing the
problems discussed in the review.
2
FUNDAMENTAL PROCESSES INFLUENCING
PRODUCT MANAGEMENT IN THE FRUIT JUICE AND
BEVERAGE INDUSTRY
2.1 Product Innovation
Product innovation is crucial for the food juice industry since it
is very competitive and there is a continuous change in the demands
from the customers. Successful development of new products
depends on the ability of the company to harvest and screen new
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ideas. However, the majority of the players in the fruit and beverage
industry market lack the organization and the system that is needed
for efficient product development. They traditionally rely on manual
and time-intensive ways of coordinating activities relevant to
product development and often these activities are supported by
disconnected departments which further adds delay in the process
of innovation. Without a streamlined approach and prioritization of
tasks that need to be executed, the project moves forward
haphazardly without any clear control, tracing of activities and
criteria that dictated the decision-making process along the way.
These discrepancies result in a time-consuming and inefficient
product innovation process which leads to a sub-optimal return on
investment and missing market opportunities to enhance revenue.
PLM based IT solutions provide platforms that enable product
portfolio management and help in monitoring multiple product
development programs [15]. A positive correlation has been
established between product portfolio management and achieving
results and purpose [16]. It allows the user to look at the possible
product development opportunities and the associated revenue and
profit margins. Additionally, they can help point out when a product
or service should be terminated to ensure an optimal portfolio. By
recognizing the changing trends in the market at an early stage, PLM
based product portfolio management can be used to leverage
whatever is in the development pipeline already and get new
products out that cater to the changing needs of the customers ahead
of their market competitors [17]. PLM based system for product
portfolio management not only helps keep a database record of the
current state of a product, but it also keeps the record of the states
that the product has been through. This offers a valuable means for
auditing the previous data. With the option of product history
management, it is easy to backtrack to specific points where a
problem had arisen or from where there is a chance of starting a new
line of development.
2.2

Criteria Management

Fruit and beverage companies usually have clusters of
information that are distributed among different departments and
business units which are often not well connected. There is no
company-wide view of the specifications of the different products.
For multinational companies, which often is the case for most of the
big players in the fruit and beverage industry, there are islands of
information in different languages (corresponding to different
countries where the product is been marketed) and this is an
additional obstacle in an intra-company collaboration that is often
required to tackle an array of problems.
This fragmented
departmental approach leads to high production costs and
inconsistent quality of products. PLM allows integrated
management of product specifications by providing a centralized
specification system. This system digitally stores and maintains the
specifications of the products and the ingredients that go in the
products. In contrast to manual records of the specification, which
are not user-friendly, the digital records allow easy sharing and
tracking changes. Furthermore, the digital management of
specifications with an integrated system can help in reducing
product costs by enabling specification rationalization [6].
2.3

Supplier Management

Fruit and beverage companies often have a limited view across
the supply chain which hinders their ability to develop healthy
material sourcing relationships. The documentation carrying the
information regarding the suppliers for different components of a
product is scattered and, in many cases, not comprehensive enough.

Furthermore, the manual data-keeping practices are not only
cumbersome but are also prone to error. This hampers in efficiently
carrying out supplier management and feeds into the problem
regarding product traceability. Product traceability enables to
follow the product along its life cycle and this is an indispensable
requirement for different quality management standards i.e. ISO
9000. With the use of PLM, methodology frameworks have been
developed that facilitate managing suppliers and allow easy
communication along the supply chain increasing the visibility of
supply chain entities. PLM system enables electronic collaboration
with the suppliers to assure specification compliance and accuracy.
Additionally, the PLM systems enable the use of different tracking
technologies like bar-codes and micro-electrochemical systems
which aim at the realization of the product as what is termed as an
be traced back to their respective production environments and
supply chain performance can be enhanced by making these
products cooperate with other resources involved in its production
system [18]. These intelligent products allow to tackle problems of
traceability but also facilitate compliance and quality management.
ut a
slaughtering house, chips on animals were used to identify animals
entering the facility and provided information on the origin, age,
breed, gender, housing, and fattening. In the production stages that
followed, all the subsequent cuts from the animal were linked to it.
By using internally developed software to manage all this
information and the company was able to efficiently carry out safety
and traceability management.
2.4

Formulation Management

Formulation management is at the very core of product
innovation. Generally, most the companies in the fruit and beverage
industries keep manual records of food formulations and often use
the trial-and-error approach in formulation development which is
not only inefficient but also leads to delayed product launches. Lack
of automated formulation management and access to updated
product records, it is not possible to properly assess the changes
made to the formulation or have an in-time response to continuously
changing market trends and regulations. PLM is a tool that has
enabled fast prototyping by introducing the concepts like adaptive
design and modular design [20]. Adaptive design is a promising
methodology that offers a transition from traditional to agile
businesses. An adaptive design can be tailored easily to the changes
that are required to be made. It also allows the reuse of the design
information from the previous designs which helps save time and
the associated cost [20]. The modular design method makes use of a
design structure matrix that can be employed for designing,
developing, and managing complex systems. It exhibits all the
elements of a system and the interaction that exists among them,
therefore, highlighting the designed structure holistically and
producing a module product architecture with physically
replaceable modules [20]. Formulation management also covers the
area of process adaptation which is something relevant for the fruit
juice and beverage industry. Based on the change in the formulation
of an object or shift to a new processing technique the current
production process needs to be adapted and this is currently done in
a time-consuming manner manually by the product managers and
floor supervisors. With the development and advancement in the
PLM-based solutions, the decision process regarding process
adaptation can be supported by a knowledgeable and selfoptimizing manufacturing system that will make the process more
accurate and faster. PLM empowers the fruit juice and beverage
industry in the optimization of formulations based on multiple

50

Management of Technology Step to Sustainable Production, 8 10 June 2022, Primo ten, Croatia
factors such as cost, nutrient profile, physical properties, and
specifications ratios. Moreover, it also aids in comprehending the
effect of formulation changes that are been made on the cost of the
product, compliance with regulations, nutrient profiles of the
product, and ingredient labeling on the food packages.
2.5

Packaging and labeling Management

A crucial part of the product life cycle in the food sector is the
managing of packaging and labelling information. Companies
commonly reuse product formulas and have them presented to the
customers in different ways. Food packaging is the main medium to
convey the differences between these products to the consumers [4].
Moreover, food packaging is imperative for the successful launch of
a new product in the market since it is the first impression of the
product on the consumer. While developing new packaging and
labeling designs it also has to be ensured that they strictly comply
with the regulations that are prevalent in their respective markets.
For multi-national companies, the product is destined for markets
worldwide and the packaging information needs to be tailored
accordingly. For example, for food products marketed in the EU the
addit
on the food label however if the product is destined for a market in
the US then it should bear the whole name of the additive. Similarly,
the calorie breakdown on nutrition labels in the US is based on
portion size while in the EU it is based on 100 mL or 100 g [21]. The
common practices for packaging and labeling design by the
technical, marketing, and design team are time intensive manual
processes. Furthermore, as with the criteria management, there are
islands of information distributed among the different teams, and
this offers a great deal of impediment in developing new packaging
designs and labels or even the revision of old designs and labels
since the process involves several cross-functional tasks. A food
business operator must address these problems if the aim is to
launch new products on time. The PLM solutions enable the food
companies to systematically carry out the packaging and labeling
design process reducing the time to market and allowing them to
acquire a competitive advantage. Technical data like nutrition fact
panel, list of ingredients, nutritional and health claims, and
marketing data are aggregated in one space for easy and fast access
during the designing process. Having all the information regarding
the packaging design of the current and past products stored
systematically enables the development teams to reuse designs
when appropriate which leads to saving time and cost.
2.6

Data Syndication

As mentioned earlier in the report, the majority of the food
business operators are only able to maintain information regarding
the products in form of isolated silos of information. Moreover, the
input of information happens manually in most cases which is a
cumbersome way that is prone to error. Due to information inside
the company being maintained among different disconnected
subsystems there exist a lack of harmonization and hardly any crossreferencing exists among the datasets which lead to serious data
consistency and quality issues. Poor data management is one of the
major causes of complaints by customers which can eventually lead
to losing customers and therefore loss of revenue generation
opportunities [1]. A good PLM solution offers the food business
operator the opportunity to synchronize the different pools of data
that internally exist among the different departments i.e., product
design, packaging design, and quality control. The synchronization
feature addresses the need for a unified set of information that is
cross-referenced across different internal systems. This allows for

maintaining complete and accurate data associated with the
products. Well maintained and linked data shared with customers
helps improve the relationship with them and augment company
profits. With systematic handling of data using PLM, the data can be
linked and cross-referenced with other systems like enterprise
resources planning systems. The efficient handling of data using
PLM tools allows data keeping and sharing according to Global Data
Synchronization (GSDN) standards which further facilitate building
customer banks and compliance with quality management [4].

3

EFFECT OF PRODUCT LIFE CYCLE MANAGEMENT ON
PRODUCT DEVELOPMENT IN FOOD INDUSTRY- A
CASE STUDY

Multiple cases of PLM implementation in the multinational
food and beverage industry were investigated in a study by Pinna et
al., [22] to check the following three hypotheses:
a.

b.

c.

The use of PLM-based IT tools had a positive correlation
with the ability to conduct process management and
consequently lead to improve new product development
performance.
The use of PLM-based IT tools had a positive correlation
with the ability to carry out internal and external
coordination activities and consequently lead to improve
new product development performance
The efficacy of PLM functionalities varies over the
different stages of new product development.

In-person interviews and secondary sources that included
company briefings and internal reports were used to collect data and
verify the hypotheses outlined in the study. The data in the study
was analyzed using within case analysis, cross case, and qualitative
content analysis. As the result of the analysis, it was concluded that
the PLM functionalities indeed are positively correlated to process
management and coordination capabilities, and therefore enhance
new product development performance. PLM implementation was
found to lead to more consistent data keeping at different stages of
product development and greatly enhanced transparency. It enabled
easy and accurate retrieval of data by experts in the industry. PLM
solutions constitute the best practices for product development and
process management. Allowing a unified information system
containing the product and project codified items led to streamlining
and standardization of the new food product development process.
This knowledge codification and communication network
transparency were suggested to potentially play a crucial role in
project team communication effectiveness. The effectiveness of PLM
was found to differ among the different stages of new product
development. Recipe development, prototyping, and testing were
the stages of new product development where the positive impact of
PLM implementation was found to be most prominent as it
facilitated problem solving efforts and collaboration. Stages like
planning and industrialization were found not to employ PLM
based tools as the food business operators prefer using ad hoc
solutions to manage these stages due to their highly specific nature
and the use of standardized solutions offered by PLM is not feasible.
4

PLM VENDORS IN THE FRUIT JUICE AND
BEVERAGE INDUSTRY

PLM indeed offers a sophisticated solution to the many
problems confronted by the food business operators as mentioned at
the beginning of the report. There exist multiple vendors for PLM
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systems and the number of vendors continues to grow with the
advent of the industry 4.0 digitalization drive. The choice of PLM
software is dictated by the type of company and the objectives that
need to be achieved with it. It is crucial to efficiently implement a
suitable PLM system in the company to harness all its benefits
therefore a brief assessment of the different PLM vendors in the food
and beverage sector is a good strategy. Some of the biggest PLM
vendors in the food industry are Dassault Systèmes, Infor, Oracle,
SAP, Selerant, Siemens, and Trace One [24]. The study by Pinna et
al., [9] presents a few of the many PLM vendors in the food sector
and the different features they have to offer in Table 1. Table 2
summarizes the definition of the different specifications to further
elaborate on the features offered by the different vendors.
Table 1 . Software categories offered by PLM vendors operating in
the food sector [9].
Software/
vendor

5

Dassault
Syst mes

Infor

Oracle

SAP

X

X

Selerant

Siemens

CAD design
management
CAD for
packaging
design

X

Formula and
recipe
management
Label
Management
PLM team
collaboration
Product
Portfolio and
program
management
Report
specific to
the industry
Regulatory
compliance
Specification
management

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Business operators in the food sector are part of a highly competitive
market. The companies have to deal with continuously changing
customer demands and quality compliance criteria.
Table 1. continued [9].
Software/
vendor
CAD design
management
CAD for
packaging
design
Formula and
recipe
management
Label
Management
PLM team
collaboration
Product
Portfolio and

Sopheon

beCPG

Trace
one

X

X
X
X

X

Techni
transcat

LASCOM

X

X

X

X

X

X

X

X

X

Aras

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Feature
CAD design
management

Definition
Includes software in support of design data
management.

CAD for
packaging
design

Software for packaging design, with for
example tools designed for packaging
professionals for structural design, product
development, virtual prototyping, and
manufacturing.
Software for formula or recipe calculation and
validation for process manufacturers.

Formula and
recipe
management
Label and
artwork
management

Software that helps manufacturers develop
labels and artwork for different markets that
conform to market preferences and regulations.

PLM team
collaboration

Supports tools for collaboration among team
members, enabling the facilitation, automation,
and control of the entire development process.

Product
portfolio and
program
management
Report
specific to
the industry
Product
specifications

Supports the continuous cultivation of product
sets by prioritizing and managing product
development and retirements.

Regulatory
compliance

CONCLUSION

X

X

Table 2 . Different features offered by the vendors of PLM in Food
Industry [9].

X

X

X

program
management
Report
specific to
the industry
Regulatory
compliance
Specification
management

Supports tools for monitoring and developing a
report for the specific industry sector.
Captures the descriptions and quantities of
ingredients, materials, and other content,
including process information needed to
produce, package, and ship a product.
Supports tools that enable companies to identify
what regulations, policies, and obligations
apply to them.

With globalization, the food supply chains are becoming
increasingly complex which often leads to serious traceability issues.
With the introduction of the phenomena of industry 4.0, the
digitalization of industrial processes has become crucial. All these
challenges make it a daunting task for an industry to have and
maintain a competitive advantage. The PLM based tools offer
solutions to these problems by helping in the handling of several
processes that influence product innovation and management i.e.
accelerating product innovation, streamlining supply chains, and
optimization of product formulation. PLM offers solutions for
automated workflows, and packaging and labeling management. It
enables efficient data keeping that meets set international standards.
Ultimately, PLM implementation in companies will allow them to
realize higher profits by decreasing associated product costs, assure
long term success, and minimize the associated risk that can hamper
product integrity.

X
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