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Today’s production systems and pro-
ducts are increasingly – and will in the 
future become entirely – AI-controlled. 
It is easy to extrapolate from this obser-
vation that future production systems 
and products will “think”. However, this 
evolution will require completely new 
science in engineering design, produc-
tion technology and product develop-
ment that surpasses the solutions 
brought by the “industrial revolution” 
proclaimed a few years ago. 

The Austrian Scientific Society for Pro-
duction (ÖWGP) addresses the essen-
tial nature of transformation in scientific 
production, product and materials 
research, also in the light of humanity’s 
current exceptional challenges, such 
as climate change, pandemics, circular 
economy, increasing scarcity of natural 
resources, structural changes of work, 
geopolitical shifts and demographic 
developments. ÖWGP members are 
committed to the scientific challenge  
of finding solutions to policy problems 
in research, industrial, environmental, 
societal and social contexts. Inspired by 
current international industrial research 
and the latest technological achieve-
ments, but also shaken by COVID-19, 
the CO2 crisis, unemployment, short-ti-
me working and decreasing econo-
mic performance of growth-oriented 
national economies around the world, 
the ÖWGP has developed a catalogue of 
perspectives: the NEW DEAL. n

Alois Ferscha
President

“I propose to consider the question 
‘Can machines think?’” –  This was the 
opening sentence of Alan Turing’s 1950 
paper “Computing Machinery and Intel-
ligence” in the scientific journal MIND 
(Oxford Academic). Drawing on his ot-
her theoretical and mathematical work, 
Turing stated that instruction-proces-
sing machines comprised of memory 
and an arithmetic logic unit – that is, 
computers and thus also computer-
controlled systems – are able to solve 
algorithmic problems. John McCarthy, 
who would later be awarded with  the 
Turing Award, took up the topic of “Ar-
tificial Intelligence” (AI) at a scientific 
workshop at Dartmouth College in 1956. 
In this “first wave” of AI research, which 
lasted into the 1980s, humans program-
med intelligent machine behaviour in 
a rule-based manner using extensive 
if-then relationships. Now, in the “se-
cond wave”, computers themselve learn 
intelligent behaviours from vast amounts 
of data and collections of examples. 
Training of large artificial neural net-
works has resulted, for instance, in AI 
breakthroughs in image recognition and 
success in boardgames such as chess 
and go.

We are reaching the cusp of the “third AI 
wave”, which – propelled and motivated 
by the inadequacies of training-data-
based machine intelligence – is heading 
towards logical interactions between 
individual intelligences to identify and 
exploit interrelations in a wider con-
text, especially when data is scarce or 
unreliable. 

Preface
Can machines think?
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Not all Austrian companies were hit 
equally hard by the crisis; the recent 
months have shown that companies 
with digital networking already imple-
mented in their engineering and busi-
ness processes have a clear advan-
tage. However, a wave of insolvencies 
is to be expected once state support 
ceases. A national effort is therefore 
required to strengthen manufacturing 
industry and its substantial contribu-
tion to innovation in Austria, and thus 
create future-proof jobs. 
Another important task is to learn from 
the effects of the COVID-19 crisis, 
which has revealed the vulnerability of 
globally interconnected value chains 
and the possible consequences of 
dependency on individual suppliers. 
Austrian production will become 
stronger if critical dependencies are 
reviewed and value networks are 
redesigned to become more resilient 
while considering sustainability and 
environmental protection. The aim of 
this redesign is to create agile orga-
nisations and adaptable production 
approaches and thus increase value 
chain resilience. 

Austrian manufacturing – particularly in 
2020 and 2021 – is confronted not only 
with the foreseeable developments in 
production technologies, materials and 
products, but also with fundamentally 
new challenges. While 2020 was mar-
ked by the pandemic-related downturn, 
in 2021 opportunities and challenges 
will be in balance. At best, it will take 
years for the Austrian economy – with 
its numerous companies of all sizes – to 
recover from the consequences of the 
present exceptional situation. In ad-
dition to the tragic loss of human life and 
serious consequences to the health of 
many, the impact on Austria’s economy 
was immense. 
For example, 25.8% of production 
workers in manufacturing industry were 
switched to short-time working. Some 
Austrian core industries, such as the 
automotive supplier and the aviation 
industries, made vastly disproportiona-
te use of this (for 56% and 88% of their 
workers, respectively). Austria’s gross 
domestic product for 2020 shrank by 
7%. The effects of the second lockdown 
– and of those that might follow it – are 
primarily felt by employees in the form 
of job loss. We must now implement 
strong countermeasures to maintain our 
position as an internationally competiti-
ve production location. 

1. New Challenges – 
“NEW DEAL”

of production 
workers in Austrian 
manufacturing industry were 
switched to short-time working.

25,8 -  
88%

Austria’s gross domestic product 
for 2020 shrank by 

7%

or a country such as Austria, which has neither a significant 
domestic market nor large deposits of natural resources, 
the most important resource is – and will always be – highly 

motivated and well-qualified people. 
F
Gabriele Kotsis, Christian Ramsauer, Sebastian Schlund
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In addition to addressing the conse-
quences of the current pandemic-re-
lated economic crisis, Austrian industry 
will have to search actively for solutions 
that enable the transition to resour-
ce-efficient – and ultimately resour-
ce-neutral – value creation. Innovative 
solutions for sustainable economic 
activity and carbon-neutral products 
and production processes are beco-
ming critically important. A glance at the 
European and Austrian political agendas 
and upcoming programmes shows that 
great effort will be made to promote 
sustainable and climate-friendly pro-
cesses and projects. Based on the Euro-
pean Green Deal and related European 
initiatives alone, several hundred billion 
euro of the EU budget will be used to 
fund climate-related programmes in the 
period from 2021 to 2027. At the same 
time – and especially in the absence of 
positive results – expensive regulatory 
measures in the context of resource use 
are to be expected.
For a country such as Austria, which has 
neither a significant domestic market 
nor large deposits of natural resources, 
the most important resource is – and will 
always be – highly motivated, well-qua-
lified people. 
A basic requirement for closing this ob-
vious competence gap is a qualification 
campaign that (i) combines competen-
cies in digitalisation, agility and sustai-
nable economic activity with the needs 
and peculiarities of industrial production 
and (ii) considers how they interact. 
Only with highly skilled and committed 
people in specialist and management 
positions in industrial production will it 
be possible to navigate the long-term 

consequences of the current crisis and 
to harness innovation to power trans-
formation to digitised and resource-sa-
ving production technology. The central 
measures of a new strategy for Austrian 
production thus derived are detailed 
below. n

• Industrial strength as a 
foundation for rapid economic 
recovery 

• (Re)design of international 
supply networks to build 
resilient value-creating 
systems

• Consistent focus on 
sustainable value creation

• Qualification campaign for 
industrial production
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1.1. Industrial strength as a foun-
dation for rapid economic recovery

It will be some years before we can 
assess how manufacturing industry has 
been damaged economically and what 
the potential long-term consequences 
of the pandemic-induced crisis will be. 
Despite this uncertainty, it is essential to 
start without delay to invest major effort 
to build a post-COVID-19 economy. 
Against this background, digitalisation 
of products, services and processes 
is critical to success. Digitalisation of 
production makes possible products 
and processes that can be adapted 
and tailored to suit particular contexts. 
Business models based on integrated 
networking, near-real-time recording 
of and response to environmental data 
and customer needs are accepted 
increasingly across industry sectors. 
Considering information on individual 
living and working environments in the 
design of products and services allows 
faster, better and more direct customer 
integration, and results in improved 
customer satisfaction. The amount of 
data customers are willing to supply for 
use in designing such solutions depends 
on their perception of benefit. Techno-
logy and technology integration enable 
new business models and thus offer a 
competitive advantage. n

Austria needs an innovative eco-
system of manufacturing industrial 
partners, a “hands-on” culture of 
unfettered experimentation, and an 
open discourse on the opportunities 
and risks of new technologies and 
business models. This requires, 
despite the prevailing situation, a 
climate of optimism and the coura-
ge to fail, tolerance of failure and a 
willingness to learn from setbacks 
as quickly as possible. 

Rapid economic recovery requires 
an extraordinary alliance between 
industry, science and politics, with 
all partners on an equal footing.

Extension of the low-threshold 
“Innovation Cheque” funding 
instrument for SME products and 
processes.
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1.2. (Re)design of international 
supply networks to build resilient 
value-creating systems

The future of digital production in value-
creating networks will be shaped by a 
further increase in complexity and by 
uncertainty about future developments, 
driven predominantly by the ever-in-
creasing variety of products and by 
shortening development and delivery 
times (“time to market”). Additionally, 
global availability of data and informa-
tion stimulates immediate reaction to 
changes in value-creating networks and 
in global competition. 
The global dynamics of political and 
business decisions and the ability of 
competition, customers and the ecosys-
tems involved to react directly require 
entrepreneurial flexibility in terms of 
alignment with agile business pro-
cesses. This expands on and replaces 
both planning cycles and business 
processes, and opens up opportunities 
for businesses to profit from the time 
advantage of faster decision-making. 
Complete digital models of products, 
production processes and value-crea-
ting networks form the basis for real-
time exchange of vast amounts of data. 
Miniaturised and distributed sensor 
technology, near-sensor data prepro-
cessing, and fusion of diverse sensor 
data make possible digital real-time 
images and close the gap between the 
digital twin of production and the pro-
duction processes and conditions in the 
company. 
Comprehensive provision of high-per-
formance 5G communications infras-
tructure allows fast, wireless transfer of 
great amounts of data. In the context of 
production, this requires environments 
for testing and experimentation to defi-

ne, test and assess realistically the most 
promising applications. Guaranteed 
network coverage not only in metropoli-
tan, but also in industrial areas constitu-
tes an essential locational advantage. 

Personal safety, data security and data 
protection (privacy) form the foundation 
of digital production in value-crea-
ting networks. Occupational safety 
of employees and third parties and 
– ultimately – entirely accident-free 
production processes are a primary aim. 
New challenges arise from increasing 

Strategically, manufacturing 
companies must simultaneously 
drive forward computer-aided 
automated decision-making and 
actively empower their employees 
at all levels.  

Promotion of cross-company 
resilience programmes (supplier 
strategy, interchangeability of 
materials and components and 
make-or-by decisions).

Promotion of investment in rapid-
prototyping infrastructure and 
expanding the possibilities for 
simulation (especially in SMEs).

Standards and shared guidelines 
are the cornerstones of 
infrastructure development. 
Austrian research in manufacturing 
drives the development of 
standards in the relevant 
bodies and supports domestic 
stakeholders in competently 
assessing future-proof standards 
and guidelines. 
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interconnectedness of machines and 
systems and from replacing protec-
tion devices that form physical barriers 
with alternative (i.e. optical, infrared, 
ultrasound, etc.) monitoring systems. 
Only by means of measures that enable 
reliable and incorruptible data exchange 
between distributed objects and actors 
can security concerns be decreased and 
smaller companies realistically reap the 
benefits of real-time inter-company 
data exchange.
In addition to security and safety, pro-
tection of personal data is a hallmark of 
Central European industrial locations. 
New technological and organisational 
measures to protect data privacy in 
production processes are increasingly 
called for. n

Pilot projects and protected 
environments for experimentation 
allow – in cooperation with the 
social partners – a consensus-
based, sustainable strategy to be 
developed in which the benefits 
of data use to employers and 
employees outweigh both risks and 
concerns. 
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1.3. Sustainable Value Creation

Production will continue to be inextri-
cably linked to the transformation of 
materials, energy, auxiliary materials 
and human work into innovative pro-
ducts and services, with responsible 
use of resources being key. Material- 
and energy-efficient practises and an 
economic optimisation parameter are 
primarily human necessities that are 
related to global activities dealing with 
climate change. Carbon-neutral pro-
duction is a declared goal in this context. 
Circular industrial production, proces-
sing and treatment allow products to be 
recycled. n

Environmental protection and 
production must not be mutual-
ly exclusive. In addition to goals 
for efficiency and elimination, the 
pursuit of technological progress 
and use of innovation for more sus-
tainable production are of central 
interest.

Promotion of measures for (i) re-
ducing energy use in manufacturing 
(in particular Scopes 1 & 2 of the 
Greenhouse Gas Protocol) and (ii) 
qualification especially in the area 
of Scope 3 to build awareness of 
sustainable products.
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1.4. Transformation as an oppor-
tunity for diversity

That women are underrepresented in 
technology – especially in German-
speaking countries – is a well-known 
and oft-lamented fact. However, basing 
a solution on the assumption that this is 
due to women lacking interest in tech-
nology, which needs to be sparked and 
stimulated, and to outdated stereotypes 
that are being eroded over generations 
is insufficient. A central problem in in-
dustrial production lies in outdated con-
ventional structures within which women 
have long faced difficult daily working 
lives and numerous incompatibilities 
between work and family. Adjusting to 
such working environments was previ-
ously considered absolutely essential, 
and – under these conditions – ma-
nagement positions were practically 
out of reach for women. Manufacturing 
industry can only remain competitive if 
women are not considered merely as 
potential users of new products, but also 
as active agents in shaping products 
and production processes, and if women 
thus become technology creators.

The ÖWGP sees itself as a driving 
force in the design of sustainable and 
competitive industrial production and 
must therefore also take a contempo-
rary approach to addressing the topic 
of diversity. First, the ÖWGP will work 
to counteract gender stereotypes and 
lack of interest by actively participating 
in existing programmes and initiatives 
(e.g., FiT, Girls Day, various program-
mes for students, mentoring and career 

development programmes). The ÖGWP 
members’ remit lies primarily with uni-
versity students, who are to be suppor-
ted and promoted with special mento-
ring and career programmes.

Second, another set of measures focu-
ses on the approaches to transforming 
production that are addressed in this 
position paper. It is important to ensure 
that structural adjustments improve 
gender equality in particular and lead 
overall to more diversity and inclusion. 
The central demands and concerns of 
the ÖWGP in this context are: a rethin-
king and a change away from the need 
for women to adapt to existing struc-
tures and working environments and 
towards considering their interests and 
perspectives and creating opportunities 
for them to contribute actively to the 
upcoming transformations of production 
processes.

Third, the ÖWGP has set itself the goal 
of increasing women’s visibility and par-
ticipation in research, and thus effec-
tively counteracting their underrepre-
sentation in its own sphere of activity. 
Possible measures include tenure-track 
initiatives, programmes promoting 
honorary and junior professorships, 
and support and guidance for attracting 
female applicants. The ÖWGP views 
itself as a contact point – for applicants 
and as an interface to (international) 
appointment processes in academia or 
for comparable management positions 
in business, and for placing suitable 
researchers in workshops, forums, sym-
posia and conferences. n
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It has been shown that mixed leadership teams are 
more likely to succeed than male-only teams.

The “New Deal” requires more women in production.

The significant imbalance must be corrected.

Active participation by women is a prerequisite for 
achieving optimal processes in the transformation of 
digital production. 
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1.5. Qualification campaign for 
industrial production

Digitalisation of production will fun-
damentally change the competencies 
that are required of employees. At all 
qualification levels, we will see a mas-
sive increase in digital skills alongside 
expertise in basic scientific practise and 
in production technology. The core com-
petencies required of tomorrow’s skilled 
workers, engineers and managers will 
include integrated thinking in terms of di-
gital pervasiveness, integration of digital 
and physical processes and design and 
evaluation of the materials, products, 
processes and systems involved. Skills 
for making decisions under uncertainty, 
supported by real-time data and Artificial 
Intelligence, will be increasingly requi-
red, as will data-driven linking of various 
production technologies and processes.
Successful transformation of skills will 
require training and education concepts 
that use innovative media and learning 
formats to enable skills development 
near, and integrated with, the workplace. 
At the same time, the process of learning 
itself will change massively. Meeting 
the future requirements of a much more 
digitalised and automated process of 
production will require increasingly hyb-
rid and team- and task-centred learning, 
and ultimately human-machine recipro-
cal learning. n
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Government funding, educatio-
nal institutions, companies and 
employees are equally obliged to 
make available and actively use the 
resources required. 

The “New Deal” requires teachers 
who demonstrably combine theory 
and practise and have the courage 
to discard old knowledge and to 
broaden their horizons. 

The “New Deal” requires, above 
all, that students and their tea-
chers embrace network thinking 
and accept that, as ever, practical 
knowledge and the theoretical 
principles of various disciplines 
are the foundations of successful 
future concepts. Further, creative 
approaches to problem-solving and 
entrepreneurial culture that tolera-
tes failure must be promoted. 

Promotion of practical teaching and 
learning facilities – especially for 
staff in manufacturing – to teach 
modern production processes 
(pilot and learning factories, digital 
production, additive manufacturing, 
FabLabs).
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he current process of change in production – with its goal 
of intelligent machines as elements of the “Smart Factory 
of the Future” – is driven by the availability of technological 

innovations coupled with powerful communication technology and 
data management. 

Today, technological challenges 
arise not only from the development 
and use of new materials and from 
information and communications 
technology (ICT), but also from the 
increasing importance of sustainability 
and ecological aspects, for example, 
in individual mobility. In this context, 
the “Green Deal” is often discussed, 
especially at the political level.
These developments are currently 
being overshadowed by the global co-
ronavirus pandemic and the associa-
ted economic crisis. Cities devoid of 
people, universities without students, 
an abrupt end to international pass-
enger air traffic and a negative oil 
price in April 2020 are just examples 
of the immediate consequences of 
severely restricted public life. The 
2008 financial crisis and the current 
COVID-19 crisis show us how vul-
nerable our sophisticated economic 
systems are to such disruptions. From 
a system-theoretical point of view, 

Milestones of production technolo-
gy have always been closely linked to 
societal development and economic 
history. In preindustrial times, the pro-
sperity of a society was determined by 
its level of proficiency in craft processes. 
Invention of the steam engine led to the 
first industrial revolution and laid the 
foundations for the development of mo-
dern production machinery. The ensuing 
increased use of iron-based materials 
spurred rapid advances in machining 
and forming technology. The second 
industrial revolution led to production 
based on the division of labour (e.g., 
assembly line production), and the third 
used the achievements of microproces-
sors in CNC technology for automation 
and robotics.
The resulting potential for applications 
in production engineering has increa-
singly been tapped and has already 
given rise to current topics such as 
“Industry 4.0”, “Digital Transformation” 
and “Smart Production and Services”. 

2. Production Systems
Fritz Bleicher, Franz Haas, Andreas Otto, Klaus Zeman

T
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this is unsurprising, as it has long been 
known that highly optimised systems 
are particularly sensitive to imperfecti-
ons. This means that a minimal change 
to a system can lead to a (qualitatively) 
completely altered behaviour, and this 
applies to production systems as well 
as economic and social systems. Crises 
and cuts in the economic performance 
of numerous industries are leading 
increasingly to discussions of sustaina-
bility and of resilient economic models.
The present  section reflects on the 
current situation from a technological 
point of view and risks a glimpse into the 
future. n
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2.1. Adaptable and autonomous 
production systems

Despite the continuous development of 
new production technologies, clas-
sic manufacturing processes such as 
casting, sintering, forming, machining 
and welding remain central to the value 
chain and must also be developed 
further.
In machining technology, new cutting 
materials and coatings in conjunction 
with optimised control strategies enable 
a significant increase in productivity. 
Due to their resistance to chemicals and 
high temperatures, cutting materials ba-
sed on ceramics offer up to 50 times the 
cutting speed of those based on hard 
metals. In the field of components, non-
iron-based alloys (e.g., titanium alloys 
and high-temperature superalloys) and 
compositae materials are difficult to ma-
chine, and their processing is simplified, 
for example, by tools with CVD hard 
coatings. Model-based methods are 
used increasingly to optimise tool geo-
metries. Cutting tools, comprising cut-
ting edge and tool holder, are becoming 
very complex technological systems: 
Sensors and actuators integrated within 
the tool holders offer great potential for 
optimising and increasing the flexibili-
ty of manufacturing processes. In this 
context, additive manufacturing is also 
growing in importance, as it enables, 
for example, the production of complex 
cooling lubricant systems in tool holders 
and thus opportunities for topological 
optimisation and weight reduction.
These trends also guarantee Austrian 
industry a leading technological role in 
primary shaping and (metal) forming 
processes or in joining technologies, 
where, for example, conformal design 
of heating or cooling channels enables 
process capability and productivity to be 
improved. Integration of sensors allows 
monitoring mould-filling behaviour and 
effects in forming processes, such as 
cutting impact. 

Photonic technologies, now an accep-
ted standard, benefit themselves from 
current innovations in laser technology. 
Pulsed high-power laser systems with 
an average power in the kW range and 
pulse durations in the femto- and pico-
second ranges enable cost-efficient 
and flexible processing for functiona-
lization of large surfaces with minimal 
heat input; thus, tribological, optical and 
fluid dynamic effects can, for instance, 
be achieved. In addition, these pulsed 
systems allow heterogeneous materials 
such as fibre-reinforced plastics to 
be processed delicately and with high 
precision.
New types of laser systems in which 
the spatial and temporal distributions 
of beam intensity can be controlled 
purposefully allow, for example, in la-
ser-beam welding a significant re-
duction in – or complete avoidance of 
– processing errors while increasing the 
achievable processing speed. Despite 
various ongoing European research pro-
jects focusing on these innovative laser 
systems, their potential – especially in 
terms of process and material flexibility 
– is far from being fully understood and 
realised. Particularly in laser-assisted 
additive manufacturing processes, these 
developments open up new possibilities 
for controlling heat introduction and 
thus for improving component proper-
ties.
As additive manufacturing has matu-
red, it has developed into a key general 
technology in modern production that 
opens up completely new possibilities, 
especially in product development and 
design: for instance, novel lightweight 
constructions and energy-efficient 
cooling systems that use new materials 
and can be produced only by additive 
manufacturing. 
Additive manufacturing processes will 
also play a crucial role in the effort to 
make production more flexible; they will 
surely not replace established manu-
facturing processes entirely, but will 
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aspects of quality assurance already 
during processing (in process). Thus, 
the risk of loss due to rejects seen in the 
prevailing ex-post quality assurance 
method is reduced, and the resource ef-
ficiency of production can be increased. 
En route to these integrated systems, a 
trend has emerged in production me-
trology and quality assurance towards 
100% workpiece inspection within the 
production machine (in situ) and directly 
in the production line with feedback 
to process control (in line) or random 
sampling at the production machine (at 
line). Classic random sample measure-
ment is increasingly becoming obsolete, 
as measuring devices take on the role of 
reference test equipment and calibrate 
or validate quality assurance algorithms 
in the integrated systems described ab-
ove. In combination with data evaluation 
technologies and Artificial Intelligence, 
these algorithms will control more com-
plex relationships, which will ultimately 
enable self-learning and self-optimi-
sing manufacturing systems. Precision 
engineering in toolmaking, the semi-
conductor industry and optics remains 
an exciting field of research with great 
potential for future sustainable produc-
tion. n

expand the range of available manufac-
turing technologies. Their true potential 
will be tapped in synergy with other pro-
cesses, for example, in hybrid machines. 
Deficiencies of additively manufactured 
components in terms of achievable sur-
face quality and dimensional accuracy 
can, for instance, be compensated for 
by subsequent machining. 
Further, the high costs of purely addi-
tively manufactured components can 
be reduced by combining additive and 
conventional processes in one machine.
Clearly, this also requires the develop-
ment of appropriate software tools that 
enable optimal planning of hybrid pro-
cesses considering the potential of each 
technology used. 
The development of hybrid machines in 
which several (“additive“ and “subtracti-
ve“) manufacturing processes are com-
bined is an important trend in machine 
tool flexibility.

Even further reaching are innovative 
concepts for flexible, modular, adapta-
ble and reusable production systems, 
which will in future increasingly replace 
capital-intensive means of production 
designed and built for only one specific 
task.
Central issues in the development 
of these production systems are the 
control technology used and its pro-
gramming, information and communi-
cations technologies, self-organisation 
and self-optimisation, the degree of 
flexibility of the system architecture, and 
stability and optimality of the control of 
resource and energy consumption. On 
this basis, the demand from volatile and 
complex future markets for innovative, 
highly flexible and economical manu-
facturing technologies and production 
systems can be met.

Integration of sensors, real-time data 
analysis and feeding back of results 
into the manufacturing process ena-
ble manufacturing systems to take on 

Classic manufacturing proces-
ses will continue to be of central 
importance in production and must 
be further improved. This also ap-
plies to photonic technologies, the 
potential of which is far from being 
exhausted.

Additive manufacturing is now a key 
technology in modern production.

Modern production will be shaped 
by autonomous, modular and adap-
table production systems that will 
replace inflexible and capital-in-
tensive production lines.
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2.2. Digital Transformation

Studies have shown that Austrian wor-
kers do not generally expect to be re-
placed by artificial-intelligence-based 
technologies. However, AI will undoub-
tedly change most job profiles, and its 
advantages outweigh its disadvantages. 
In production, AI algorithms are increa-
singly used to optimise processes and 
to analyse data. The aim of this current 
development should be an innovation 
campaign across Austria supported by 
numerous new products in machine and 
plant construction that have been im-
proved by machine learning. In parallel, 
a completely new generation of automa-
tion technology could lead to a moderni-
sation surge in industry and commerce.
Autonomous production overnight using 
automated loading of machines with 
workpieces is becoming increasingly 
common: Production runs in night shifts 
keep capacity free in the day for indivi-
dual parts and short runs. The lean auto-
mation programme for cost-effective 
automation of machine tools is another 
contemporary example.
Automated Guided Vehicles (AGVs) 
have become an integral part of mo-
dern production. Interacting with a fleet 
management system for central control 
of several “shuttles” with heavy paylo-
ads and longer charging intervals, AGVs 
are proving to be the pacemakers for 
agile production of the future. Recently 
introduced location technologies enable 
use of driverless transport systems and 
drones in production, with integrated 
monitoring of the supply chain via ul-
tra-broadband, RFID, 5G and GPS. The 
underlying idaea is system openness 
for flexible configuration of complete 
systems.
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In addition to various aspects of digi-
tal transformation in all phases of the 
product life cycle – that is, from the first 
product idaea to product development, 
production, distribution, use, service 
and replacement – the relationship bet-
ween manufacturer and customer is gai-
ning in importance. “Classic” industries 
will increasingly deploy and use tech-
nologies that are based on the Internet 
of Things and data and online services. 
The associated real-time networking of 
products, processes and infrastructure 
will permanently change the working 
world of the future. New challenges thus 
arise from the increasing flexibility and 
complexity of production systems and of 
internal logistics.

The hitherto prevailing interpretation of 
Industry 4.0, according to which net-
worked production resulted from linking 
manufacturing solutions and IT, is being 
expanded – or replaced – by agile, self-
learning systems.
Manufacturing systems will have the 
ability to programme and organise 
themselves, will impose new require-
ments on themselves, and will adapt 
and optimise themselves. This requires 
research, primarily into new approaches 
to the integration of various control and 
communication systems (breaking up 
the common automation pyramid), tech-
nologies for safety and IT security, and 
development and adaptation of infor-
mation interfaces and data semantics. 
Further, interdisciplinary virtualization of 
processes, machines and procedures is 
gaining in importance in this context.
The development and use of multi-phy-
sical, coupled simulation models to 
master growing system complexity is 

coming increasingly to the fore. Machi-
ne learning and AI methods will play a 
decisive role in the use of information in 
future production systems.
Particular attention must be paid to the 
transferability of established informa-
tion systems and solutions for future 
uses. Complete penetration of va-
lue creation processes by integrated 
information systems and cross-system 
optimisation methods is key to resour-
ce-saving production. nAn innovation campaign 

across Austria, using ma-
chine learning to trigger 
a modernisation surge in 
industry and commerce.

Our Aim
Artificial Intelligence and machine 
learning will trigger a modernisa-
tion in industry and commerce and 
will change many job profiles in the 
long term.

Mastering the growing complexity 
of new types of production systems 
requires the development and use 
of multi-physical, coupled simula-
tion models.

Sustainable and resource-saving 
production requires integrated 
information systems and cross-
system optimisation methods to 
completely penetrate value crea-
tion processes. 
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2.3. Contribution of Production to 
the Green Deal

In her role as President of the European 
Commission, Ursula von der Leyen has 
laid out the strategic goals. By 2030, 
greenhouse gas emissions are to be 
reduced by 50% compared to 1990, and 
by 2050 the EU is to be completely cli-
mate-neutral. This can only be achieved 
by extensive restructuring of all econo-
mic sectors. In the context of industrial 
production, the “Green Deal” entails 
a strategy of circular economy with 
significantly reduced use of resources 
and systematic reusability of products 
via intelligent upcycling and recycling. 
Closing of energy and material cycles is 
a prerequisite for the circular economy. 
The Association of German Machine 
Tool Builders (VDW) sees an opportuni-
ty to develop new revenue streams in the 
process of analysing how the ambitious 
goals of CO2 reduction might feasibly 
be achieved. The VDW considers digital 
networking using new business mo-
dels to be the greatest driver towards 
achieving goals. This is also evident in 
the sustainability of steel production 
(decarbonisation) and the innovative 
use of hydrogen as an energy source. 
Following the hydrogen path, from 
hydrogen generation via its distribution 
to its application in mobility, requires 
joined forces.

The new industrial and consumer goods 
necessary for sustainable energy sup-
ply, distribution and use must also be 
produced. Particularly in Austria and in 
Europe, this will in some regards neces-
sitate disruptive redesign of production 
facilities to form new value-creating 
centres and networks for ecological 
production. This requires mastery of 
complex causal relationships and use of 
newly conceived closed material cycles. 
Society must immediately launch focu-
sed innovation programmes in order for 
implementation to achieve the proclai-
med goals. n

The medium- and long-term 
climate goals of the EU - including 
complete climate neutrality by 2050 
- can only be achieved via far-rea-
ching restructuring of all economic 
sectors.

This requires – in part – disruptive 
redesign of production facilities, 
mastery of complex causal relati-
onships and use of newly conceived
closed material cycles.

Focused innovation campaigns 
must be launched immediately 
if implementation is to attain the 
climate goals proclaimed.
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reduction in 
greenhouse 

gas emissions by 2030
50%

2050
climate neutrality by
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roducts of the future, i.e., “thinking“ products, will have to 
be built on a fundamentally new industrial technological 
principles, underpinned by robust, reliable, flexible, 

autonomous, energy-aware and real-time capable embedded tiny 
Artificial Intelligence.

products, Product-as-a-Service) and 
their manufacturing processes (in-
telligent factories, digital production, 
virtual factories). For the first time, 
products and production systems 
can and must be tightly interwoven 
- understood, designed, developed 
and operated. In future, products and 
their development and production will 
be more intertwined than ever before. 
Autonomous adaptation to changed 
boundary conditions and updates 
during utilisation, reuse of material 
product components (upcycling) or 
feeding back operational data into 
product development are just some of 
the trends that will gain in importance.

Central to this entanglement will be 
the design of autonomous, real-time 
capable, trustable, interconnected, 
embedded intelligence in products. 
The next generation of products 
augmented with intelligence will fo-
reseeably have human-like cognitive 
abilities, such as recognition, percep-
tion, interpretation, understanding, 
awareness, memory and learning, 
anticipation and prediction, planning, 
forgetting, intuition, reasoning, and 
decision-making, and will be equip-
ped with corresponding cognition-
controlled ability to act. They will – in 
a technical sense – be cognitive pro-
ducts that “think”. As a consequence, 
completely new, “intelligent” product 
and industrial technologies will emer-
ge that are controlled by small or tiny, 
robust, reliable, flexible, autonomous, 
in part energy self-sufficient and 
real-time capable embedded Artificial 
Intelligence.

3.1. Cognitive Products

Up until now products have been classi-
fied according to the areas of their cons-
tituent components, such as products 
of mechanical, electrical or software 
engineering. Nowadays, products are 
increasingly categorised according to 
their capabilities and not just according 
to their components. Flexible, adapta-
ble, personalizable, and time-, loca-
tion- and utilisation-sensitive products 
are increasingly labelled “smart” or 
“intelligent”, depending on the degree 
of autonomy or intelligence embedded 
in their material, hardware and software. 
Product development itself has under-
gone a significant change from highly 
specialised individual fields to complex, 
multi-disciplinary, synergistic orches-
trations which are also highly different-
iated into product design, prototype 
construction, production organisation, 
quality assurance, interoperability, usa-
bility, recyclability, etc.

Technological progress in the past two 
decades, in particular the miniaturisa-
tion of microelectronics, in combination 
with global interconnectedness via the 
Internet and WWW, and more recent 
advances in AI methods, have led to 
completely new industrial and busi-
ness-relevant application scenarios for 
embedded information and communica-
tion technologies, and thus have given 
rise to highly innovative alternatives 
for product design. Miniaturisation, 
digitalisation, data entanglement and 
virtualisation open up an unpreceden-
ted spectrum of possibilities for future 
products (intelligent products, digital 

3. Products
Alois Ferscha, Klaus Zeman

P
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Cognitive products collect data about 
their environment, their utilisation, their 
owners and operators, and their own 
status from a variety of multimodal sen-
sors. The collected data and the derived 
patterns of circumstances, utilisation, 
mobility and interaction are analysed 
and interpreted, and trigger appropriate 
context-sensitive reactions via embed-
ded actuators. Pivotally, reactions are 
adapted to situations and not based on 
rigid control algorithms. The aim of the 
research in the field of cognitive techni-
cal systems (CTS), in general, is to draw 
inspiration from cognitive psychology 
and thus to imitate human-like cogni-
tive abilities, particularly in the context 
of technical products. This is where 
conventional reactive hardware-soft-
ware co-designs and mechatronic pro-
ducts with a closed control loops (e.g., 
in accordance with VDI 2206) differ 
from cognitive products, as the latter‘s 
adaptability affects not only predictable, 
but also unpredictable circumstances 
supported by data-driven assessment 
of the situation, which requires flexible, 
adaptable control loops with learning 
ability. Cognitive technical systems do 
not necessarily always react determi-
nistically to a given input with the same 
output, but produce (correct) outputs 
that reflect the actual situation, driven 
by knowledge, experience, expectation 
and conclusion. In addition, the beha-
viour of CTS is not only determined by 
individual cognitive components, but 
also by the interaction of many different 
cognitive elements. CTS must be able 
to explain and justify their behaviour 
and should ideally act in a human-like 
manner.

A normative categorisation of CTS 
capabilities does not exist yet, but it 
would undoubtedly include the abilities 
mentioned above, such as perception, 
learning, planning, knowledge-mo-
del-based negotiation and decision-
making, having a self-reference model, 
awareness of the environment, ability 

to communicate, interact and act in 
unstructured environments.

The outstanding technological enablers 
of cognitive products include the dra-
matic miniaturisation of digital electro-
nics (microcontrollers, microprocessors, 
system-on-chip), high-performance 
signal processing (analog signal pro-
cessing, adaptive filters, time-discrete 
integration, DSP hardware), wireless 
communication and radio modules such 
as WiFi 6, 5G cellular, LPWA, MMW, 
software-defined radio, RFID, NFC, 
BTLE, ZigBee, LoRa, LTE, positioning 
(UWB indoor) and localisation (GPS, 
BeiDou, GLONASS, NavIC, Galileo, 
Quasi-Zenith , Skymark, ImageNav), 
multimodal sensors (light, noise, vibra-
tion, chemical, electrical and electroma-
gnetic, metal detectors, thermal, optical, 
imaging, pressure, force, acceleration, 
flow, viscosity, smoke, gas, etc.) and 
sensor networks. n

The digital transformation aug-
ments physical products with digital 
product representations or comple-
ments digital services with physical 
embodiments. The resulting ent-
anglement of traditional manu-
facturing with the emerging digital 
goods industry can be regarded as 
the strongest driver of innovation in 
industrial history.

The next generation of intelligence-
augmented products will – fore-
seeably – exhibit human-like cog-
nitive abilities, such as recognition, 
perception, interpretation, unders-
tanding, awareness, memorisation 
and learning, anticipation and 
prediction, planning, forgetting, 
intuition, reasoning and decision-
making, and will be equipped with 
corresponding cognition-control-
led ability to act.
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to similar and comparable learning pro-
blems (transfer learning) and learning 
in the collective of different learning 
algorithms (ensemble learning) turn out 
to be the most promising strategies of 
deep learning, since they do not require 
the involvement of time-consuming 
and cost-intensive human control and 
monitoring. Consequently, learning 
strategies are designed and developed 
that avoid the pre-generation or availa-
bility of so-called training data and thus 
realise an evolutionary form of learning 
(one-shot learning, few-shot learning). 
This change of method in pattern recog-
nition and machine learning is accompa-
nied by an enormously agile and varied 
development of algorithms, reference 
implementations as well as program, 
software and tool libraries such as Ten-
sorFlow, Keras, PyTorch, Caffe, Micro-
soft Cognitive Toolkit, PaddlePaddle or 
OpenNN - to name but a few. For robots 
as products, cognitive product capabili-
ties implemented in this way are already 
a de facto reality today. The momentum 
of this development, observable on a 
daily basis, will lead in the very short 
term to embedded AI in practically every 
product being a pervasive reality. A 
particular acceleration in “cognification“ 
– comparable to the electrification of 
mechanical systems due to ubiquitous 
access to electrical energy – is obser-
vable in products of the digital goods 
industry. In this field, enabling cognitive 
capabilities via networking, i.e., through 
ubiquitous online access to sensors 
and self-learning artificial intelligence, 
is comparatively easy. The effects that 

3.2. Embedded AI

Machine learning and knowledge re-
presentation will play an essential role 
in future generations of such cognitive 
products. While traditional methods 
of mathematical pattern recognition 
(classification, clustering, regression 
analysis, statistical inferencing such 
as estimating and testing, Markovian 
processes) have so far been used in 
industrial sectors such as electronics 
and semiconductor technology, avio-
nics, agriculture, banking and insurance, 
social media, consumption and consu-
mer-behaviour analysis, healthcare, raw 
materials development, transport and 
logistics, tourism, telecommunications, 
and last but not least, the automotive 
industry mainly and on large computer 
systems (supercomputing) with extre-
mely large data sets (big data), there 
is a clear trend towards small and tiny 
AI solutions for small and tiny execut-
ion platforms. This is accompanied by 
a rapid advancement in learning and 
pattern recognition methods, most of 
which are based on neural network 
models. In deep learning, machine 
learning techniques are pursued, in 
which artificial neural networks are used 
in multiple layers to represent different 
levels of abstraction of learning con-
tent including feed-forward networks 
(FFNs), convolutional neural networks 
(CNNs), recurrent neural networks 
(RNNs) and generative adversarial net-
works (GANs). The learning principle of 
reinforcement by reward (reinforcement 
learning), the transfer of learning results 

he technological underpinning of cognitive products are 
tiny embedded systems, especially those that implement 
autonomous on-device artificial intelligence (embedded AI). T
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can be achieved are industrially and 
economically groundbreaking. If we 
the Volkswagen Group as a referen-
ce example of the European material 
goods industry with an enterprise value 
of 33,797 M€  (in 2020) and 200,000 
employees (0.17 M€ / employee) and 
compare it with Microsoft as a reference 
for the US digital goods industry with 
an enterprise value of 1,470,106 M€ 
(in 2020) and only 163,000 employees 
(9.02 M€ / employee), it becomes clear 
that the raw materials of the capital-in-
tensive material goods industry (steel, 
aluminium, plastics) are fundamentally 
different from those of the know-how-
intensive digital goods industry (cogniti-
ve competence, intelligence). Moreover, 
the cognification of digital goods - and 
thus the generation of added value – 
requires next to no employee involve-
ment: self-learning artificial AI becomes 
smarter and better with each use.
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human intervention, learn and acquire 
new knowledge without human assis-
tance (“self-evolving intelligence“), or 
protect the user, themselves or other 
objects in the operating or usage envi-
ronment from dangers or threats. Espe-
cially here, the importance of real-time 
capabilities of cognitive products beco-
mes clear. With increasing deployment, 
usage-density and usage-frequency 
of embedded AI powered cognitive 
products, compatibility and friction-
free coexistence of human and artificial 
intelligence becomes a key question. 
Cognitive products will only gain user 
acceptance and ultimately user trust if 
they are able to explain the motivation 
and rational of their behaviour towards 
the user in a comprehensible - explicit 
or implicit - way (from “Black-Box AI“ to 
“Explainable AI“). n

Edge AI as an implementation strategy 
for cognification in the production of 
material goods builds on the principle of 
data analysis and intelligence control at 
the place of origin, to avoid time-consu-
ming and communication-intensive data 
transmission to central server or cloud 
resources as a consequence. A fore-
seeable follow-up development of cur-
rently storage-based implementations 
will be a consistent stream-based intel-
ligence implementation, in which data 
from online sensors can be collected, 
evaluated, and - if necessary - transfor-
med, but not stored or archived for later 
reprocessing (“transform-and-forget“). 
Small and tiny execution platforms have 
only extremely limited storage capa-
cities and, due to very limited energy 
resources, hardly any wireless com-
munication options. Especially from the 
perspective of maintenance-free use 
of cognitive products, operating energy 
becomes the all-important implemen-
tation question. Energy self-sufficien-
cy through sensors that are operated 
according to the energy harvesting 
principle (energy conversion from light, 
heat, sound, acceleration, pressure, 
etc.) becomes a key technological 
issue. For cognitive products as reactive 
systems, a continuous real-time capabi-
lity of the system behaviour is required, 
i.e., time-limited reaction and response 
guarantees are mandatory. Best-effort 
strategies, as found in today‘s standard 
operating systems (Windows, Linux, 
MacOS) or in standard communication 
protocols (IPv4) prove to be unsuitable 
for the implementation of adaptable, 
self-organising, error-detecting, fault-
tolerant, autonomous products. Such 
products must be able to autonomously 
collect and understand information ab-
out the situation, be operational without 

The currently observable evolu-
tionary momentum of the entan-
glement between the material and 
digital goods industries, coupled 
with scientific (AI) and technolo-
gical (miniaturisation, radical net-
working) progress, leads, by logical 
necessity, to a post-digitalisation 
era of cognification. Embedding in-
telligence into products (cognitive 
products) must be a major priority 
for research- and industrial policy. 

The design, development and ope-
ration or use of AI-driven cogni-
tive products, product ensembles 
and product federations require 
a harmonisation of the symbiosis 
between human intelligence and 
artificial intelligence.
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be ensured by high (i.e., expensive) re-
dundancy, due to physical and technical 
limitations (battery-supported: zinc-
air, lithium; autonomous: solar, wind, 
thermal; storable: super-capacitor). 
The choice of a wireless communication 
technology depends, for instance, on 
the operating environment (range, sig-
nal propagation, attenuation, distortion, 
scattering, noise, signal interference, 
etc.), the operating mode (duplex, 
half-duplex), power consumption 
(low-energy), media access control, 
the selected communication protocol, 
and addressing schemes. To date, there 
are few or no suitable technologies 
available that would both provide very 
low-energy, mid-range, and sponta-
neous (pre-arrangement-free) networ-
king with simultaneous support for vast 
scaling. 

Furthermore, human safety in handling 
such systems must be guaranteed over 
the entire product life cycle. Any devia-
tion from the specified system behaviour 
due to perception or assessment of a si-
tuation, can lead to dramatic safety vio-
lations, physical damage to people and 
things, or enduring loss of confidence in 
operational safety. Possible triggers are 
loss of messages due to trivial overloads 
of radio channels, signal interference 
between radio systems, short-term 
power supply failure, proximity to elec-
tromagnetic fields or signal attenuation 
due to open glass doors. Unfavourable 
environmental conditions usually have 
a strong impact on the reliability and 
energy efficiency of IoT communication, 
which makes it difficult to develop a 
system suitable for all possible condi-
tions. Consequently, the role of IoT so-
lutions is currently severely limited and 
its use restricted mostly to non-critical 
monitoring applications. Conventional 
resilience methods are usually based on 
redundancy, which conflicts with IoT re-

3.3. Dependable IoT

The rapid evolution of the Internet and 
the associated interconnectedness of all 
things (Internet of Things, IoT) in a wide 
variety of areas, and especially in critical 
application domains such as intelli-
gent health systems, traffic and control 
systems, building technology, complex 
manufacturing plants and production 
systems, and critical infrastructure, 
increase the need for robust, fault-tole-
rant, reliable and resilient operating and 
networking technologies that (must) 
function reliably and stably even under 
highly dynamic, unpredictable and harsh 
environmental conditions.

Cognitive products designed as IoT 
devices are highly resource-limited and 
are exposed to adverse natural (e.g., 
cold, heat, moisture, radiation, accele-
ration, electromagnetism, gases, etc.) 
or induced (by incorrect operation, 
destructive use, cyber-physical attacks, 
etc.) environmental conditions. Com-
mon threats to IoT systems are intentio-
nal attacks and the risk of malfunction 
resulting from systemic complexity. 
Since these are often designed as sys-
tems-of-systems, the inherent risk of 
malfunction is exacerbated by sponta-
neous changes in system topology and 
configuration, replacement or reorga-
nisation of critical system components, 
additions, expansions or limitations of 
operational functionality due to software 
or service updates, addition or removal 
of hardware components, the presence 
of design and/or scaling errors and, last 
but not least, the complexity-related 
inability to validate the overall sys-
tem. Secure energy supply and secure 
wireless communication are essential to 
the reliable operation of homogeneous 
and heterogeneous cognitive product 
ensembles. The realisation of energy-
autonomous cognitive products can only 
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source constraints. Application-specific 
IoT reliability is therefore an extremely 
important open topic for research. The 
future Internet of “reliable things” must 
consist of situation-, context- and loca-
tion-aware cognitive components that 
are organised in coordinated collectives 
or ensembles and ensure fault-tole-
rant, fail-safe and resilient operation, 
including safety-critical missions. In 
terms of network technology, reliability 
must be implemented on the physical, 
data link, network and transport level. 
This is a basic requirement for dependa-
ble cognitive product ensembles. Only 
real-world capable, socially acceptable, 
field-tested, spontaneously resilient 
and dependable IoT solutions will lead 
to an industrially, economically, and 
socially accepted digital transformation 
in such systems. n

Even under highly dynamic, 
unpredictable and harsh environ-
mental conditions it is required, that 
robust, fail-safe, dependable and 
resilient operating and networking 
technologies function reliably and 
stably.

The future Internet of “reliable 
things” must consist of situation-, 
context- and location-aware cog-
nitive components that are organi-
sed in coordinated collectives and 
ensure fault-tolerant operation 
even for safety-critical missions.
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a global example. Overall, the aim is to 
consistently implement and strengthen 
the principle of circularity in produc-
tion processes; a focus on circularity is 
also seen as a prerequisite for climate 
neutrality.

A stronger focus on sustainability both 
in product design and in production be-
comes concrete in a number of possible 
ways; for example, by improving the 
durability, reusability, upgradability or 
repairability of products, by reducing or 
banning the use of hazardous chemicals 
in products, by increasing energy and 
resource efficiency (e.g., by employing 
AI-optimised processes in production), 
by consistently increasing the propor-
tion of recycled material in products 
while guaranteeing their performance 
and safety, by carbon-emission-avoi-
ding remanufacturing and high-quality 
recycling, by restricting the use of sing-
le-use products and “built-in” planned 
obsolescence, by banning destruction 
of unsold durable goods, by creating 
incentives for Product-as-a-Service 
or other business models in which the 
manufacturer retains ownership of the 
product or is responsible for its perfor-
mance throughout its life cycle, and by 
consistently harnessing the potential of 
the digitalisation of product information, 
for example, in the form of “product 
memory“ or product identity traceability 
solutions, such as digital identity ma-
nagement and identification using RFID, 
NFC, QR codes or digital watermarks.

The desired change in the context of 
products and their production can be 
set in motion by goal-oriented research, 
“circular innovations” and extensive 
digitalisation, and can ultimately be im-
plemented and guaranteed sustainably.

This offers enormous potential for “cir-
cular innovators” in Austria and Europe 
(steel and light metal, petrochemical, 
paper, plastics, supply, and textile in-
dustries and energy suppliers).
Austria and the EU can only be suc-
cessful if their efforts also advance the 
transformation to a fair, climate-neutral, 
resource-efficient and circular economy 
at the global level. All local and regional 
measures and efforts in product and 
production management must be consi-
dered in a global context. n 

3.4. Sustainable Products

With the Circular Economy Action Plan 
as an essential component of the new 
European growth strategy “European 
Green Deal” (Ursula von der Leyen, Dec. 
2019: “It shows how to transform our 
way of living and working, of producing 
and consuming so that we live healthier 
and make our businesses innovative.”) 
the European Commission has presen-
ted a challenging programme for achie-
ving climate neutrality across Europe by 
2050. The new action plan announces 
initiatives along the entire product life 
cycle: Sustainable product design, the 
design and embedding of products in 
circular economy systems, the trans-
formation to sustainable products and 
the attempt to keep raw materials in the 
cycle as often and as long as possible 
are key approaches and requirements in 
this context.

As effective measures for achieving this, 
the plan mentions: making sustainable 
products the norm in the EU, strengthe-
ning the role of consumers and users 
within the circular system, promoting 
industrial sectors that have high poten-
tial for circular resources (electronics, 
IT, batteries, vehicles, packaging, 
plastics, textiles, construction indus-
try, buildings, food, water, nutrients), 
minimising waste, making the circular 
economy regional and its urban reali-
zation human-friendly, and thus setting 

Sustainable product design, the design and embedding of 
products in circular economy systems, the transformation to 
sustainable products and the attempt to keep raw materials 
within the cycle as often and as long as possible are central 
approaches and requirements of the European Commission in 
the Circular Economy Action Plan.

Sustainability is realised by measures such as: increase in 
energy and resource efficiency, for instance, by means of AI-
optimised processes; product updates during and after the use 
phase; remanufacturing that avoids carbon emissions; high-
quality upcycling and recycling; limits on single-use products 
and planned obsolescence; banning of the destruction of 
unsold durable goods; incentives for Product-as-a-Service 
business models; and full use of the potential of digitalizing 
products, engineering and production processes.
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interdisciplinary field and the basis for 
new developments that can be continu-
ous or disruptive.
Progress in digitalisation offers a unique 
opportunity to produce in a resource-
saving manner while avoiding negative 
effects on the usefulness and quality of 
the products manufactured. The mate-
rials used represent a significant cost 
factor. New materials must meet future 
technical requirements, be available in 
sufficient quantities and meet customer 
expectations in terms of price.  n

4.1. Introduction

Materials are central to all sustainable 
future developments in the key issues of 
global concern (globalisation, urbanisa-
tion, mobility, health, resources).
At Austrian universities and research 
institutes, materials science is inten-
sively researched, and a number of 
Austrian companies are among the 
international leaders in this area, such as 
AMAG, Borealis, Infineon, RHI, TDK, TI 
and voestalpine. Materials science is an 

4. Materials
rogress in digitalisation offers a unique opportunity to produce 
in a resource-saving manner while avoiding negative effects 
on product uses, quality and production costs.

Clemens Holzer, Christof Sommitsch, Martin Stockinger
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4.2. Material Development

Science is empirical, theoretical, nu-
merical and data-based, and these four 
paradigms are also reflected in mate-
rials development, where development 
of broad scientific understanding as a 
basis is required.

In recent years, advances in ICT have 
brought great developments in mo-
delling and simulation of materials and 
materials production. Another important 
trend – learning from nature – leads to 
conceptually new materials, especially 
due to an improved understanding of 
the functions of various levels of size 
and hierarchy. Further, use of multi-ma-
terials enables creation of products with 
properties that would not be possible 
with materials used individually.

In addition to continuously increasing 
requirements and functionalization, 
the drivers of materials development 
are: new technologies such as additive 
manufacturing; resource conserva-
tion in extraction, production and use; 
recyclability; and costs. Materials are 
increasingly customised not only to their 
applications, but also to their optimal 
production technologies. n

Due to climate change and the 
increasing demand for a circular 
economy, the requirements impo-
sed on newly developed materials 
and material systems are changing. 
A holistic approach in the develop-
ment process that considers not 
only the classic goals of product 
properties, development costs and 
development time, but also sus-
tainable production and ecological 
goals, including recyclability, life 
cycle assessment and avoidance or 
recycling of waste generated during 
production, must become standard 
in the future.
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4.2.1. Materials Modelling and 
Simulation

Materials modelling uses the knowledge 
of physical and chemical laws applica-
ble for materials  to describe them by 
means of mathematical and numerical 
methods. The macroscopic functional 
characteristics of a material result from 
its structure or changes therein in the 
course of production, processing and 
use. The structural material parame-
ters at all scales – from electronic and 
atomic scale to macroscopic – must be 
taken into account.

This is done in multi-scale modelling, 
which uses mesoscopic, atomistic and 
quantum-mechanical modelling to trace 
(multi-physical) constitutive laws back 
to basic mechanisms and thus impro-
ve them significantly. Coupling across 
different scales allows material systems 
to be described seamlessly by elemen-
tary electronic and atomistic proces-
ses, as information is passed along the 
simulation chain from the nano- to the 
macro-scale. Considerable progress is 
being made in linking electronic struc-
ture, statistical and molecular-field 
theories, for instance, by means of 
ab-initio methods (density functional 
theory, quantum chemistry). These 
approaches aid in identifying the bonds 
and elementary excitation states that 
determine all properties of a material. 
At the next (higher) level, molecular 
dynamics and Monte Carlo methods are 
used to describe kinetic mechanisms. At 
the mesoscopic level, averaged dyna-

mic properties are calculated by means 
of molecular-field approximations and 
with the help of automatons such as 
the cellular automaton method. Finally, 
continuum-based, thermodynamic or 
constitutive kinetic models (phase-field 
method, Navier-Stokes equations) are 
used at the mesoscopic and macrosco-
pic levels.

Simulation routines or programmes can 
be based on various numerical solution 
methods, such as the finite-differen-
ce, finite-element and finite-volume 
methods. 

In the future, as increasing computa-
tional power becomes available (e.g., 
Vienna Scientific Cluster, VSC, in 
Austria, European High-Performance 
Computing, EuroHPC, at the European 
level), larger and more complex structu-
res will become calculable.n

Access to powerful compu-
ting clusters and to the software 
required for materials modelling 
is essential to maintaining Austri-
an excellence in this field and to 
optimally supporting the scienti-
fic community. In basic research, 
elaborate grant application phases 
with a low probability of success 
(as excellent applications are 
rejected due to insufficient funds) 
are the greatest obstacles to in-
ternationally competitive scientific 
excellence.
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evaluation, methods must therefore also 
be developed that enable fast analysis 
of large areas, such as the Frequency 
Spectrum Spatially Resolved Acoustic 
Spectroscopy (F-SRAS) method.

4.2.2.2. Chemical analyses
In addition to structure, chemical com-
position plays an important role. The 
methods for its analysis have also been 
well researched, but there is scope for 
improving time-efficiency and accuracy. 
Fast techniques, such as spark erosion 
spectroscopy, exhibit a relatively wide 
scatter range; more precise, wet-che-
mical analyses, however, are very labo-
rious. Methods for the equally important 
analysis of local chemical composition 
close to the surface (e.g., Auger electron 
spectroscopy) are difficult to access and 
require high-level expertise to evaluate. 
In this context, easier access to high-
quality methods should also be realised 
with the help of digitalisation.

4.2.2.3. In-situ analysis
Methods that enable direct observation 
of physical processes are particular-
ly valuable in the design of adequate 
material models. For example, small-
angle scattering experiments in a 
synchrotron can quantitatively capture 
phase transitions during thermal cycles. 
However, since access to such complex 
and expensive methods is limited, the 
development of less costly approa-
ches that produce results of similarly 
high quality and of methods with higher 
temporal resolution is a major challenge. 
Promising examples in this context are 
advances in high-temperature XRD and 
in confocal and scanning electron mi-
croscopy, and the coupling of thermo-
mechanical testing devices with laser-
ultrasound or eddy current sensors.

4.2.2. Materials Characterisation

From the perspective of faster and 
optimised development of new mate-
rials, and considering the importance of 
modelling as emphasised in the previous 
section, a strong focus must be placed 
on research into particularly efficient 
characterisation methods. Derivation 
of model parameters and verification of 
existing modelling approaches for new 
materials require high-quality data. The 
new options now available for rapid pro-
cessing of large amounts of data make 
it possible, for example, to simulate the 
measurement process directly during 
measurement, and thus to obtain signi-
ficantly more accurate results.
The ÖWGP has therefore identified an 
increased need for research activities in 
the following areas of analysis:

4.2.2.1. Imaging analysis
Imaging methods, from light microscopy 
to transmission electron microscopy, 
have been used globally for years and 
are therefore very well developed. 
Nevertheless, new measures that further 
increase efficiency are also called for 
in this context. Easier operability both 
locally and via network, faster detectors 
and evaluation software and thus less 
costly options for analysis in electron 
microscopy should be particular priori-
ties. However, high-quality analysis, in 
turn, requires preparation techniques to 
be developed further. Smaller laborato-
ries should thus also be able to produce 
good sample material, for instance, for 
high-resolution EBSD analysis. In the 
context of large-scale manufactured 
materials, characterisation of variations 
in structural characteristics is a particu-
lar challenge. With metals, for example, 
chemical segregation from the liquid 
phase and different thermal cycles in the 
production process lead unavoidably to 
metallographic differences and conse-
quently to variations in local properties. 
For a clean, statistically meaningful 
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4.2.2.4. Further analysis methods
While the development of new mate-
rials should focus on their properties 
and their uses, it should also consider 
potential subsequent manufacturing 
processes. Simulation of production 
processes at the laboratory scale is the-
refore also essential research. In terms 
of analysis, the main issue is the transfer 
of information – and thus of relatively 
simple data such as time, temperature, 
pressure, and deformation – from the 
real process to the laboratory environ-
ment; recording of the variables must be 
highly accurate and reproducible. n

In order to advance digitalisation 
in materials development and thus 
guarantee an optimal process, 
materials must be characterised in 
terms of their various properties, 
model parameters must be derived 
from experiments and material mo-
dels must be verified. This requires 
not only investment in modern ana-
lysis methods on site, but also that 
Austrian researchers have access 
to international research institu-
tions. Digitalisation results in new 
business models – companies and 
institutes that produce, manage 
and sell data. 
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4.2.3. Materials Data Processing

Another major challenge is efficient linking 
of material and process data with suitable 
material models and a heterogeneous soft-
ware environment.

Today’s very labour-intensive, stepwise 
manual method must be largely automated 
to become faster and to reduce human in-
fluence. This requires (i) data from indivi-
dual sensor systems and analysis methods 
to be linked and archived using accurate 
time stamps, and (ii) implementation and 
exploration of fast methods that evaluate 
error measures for the data depending on 
their origins.
Strong research focus in the field of material 
data processing, especially in the operatio-
nal environment, must be placed on the de-
velopment of suitable systems for reducing 
disruptive errors that arise from inadequate 
data and on the chaining together of soft-
ware products.
In linking material and process data to the 
world of models, methods that are not rigid, 
but improve independently with increasing 
amounts of data will in future be of particu-
lar interest.

This requires not just unidirectional, but 
bidirectional coupling of data and model, 
for instance, by means of AI methods. The 
higher the amount of usable, high-quality 
data, the better these methods will work. 
In basic research, it makes sense to make 
raw data available globally in the spirit of 
broader open-source use to support the 
creation of data-based models. A problem 
of such databases on materials, processes, 
and past and future experiments is that they 
often contain proprietary data, and thus 
further development of secure systems for 
use of anonymised data is a promising field 
of research and a potential source of new 
business ideas.

Considering the sustainability of materials 
reveals another great benefit of digitalisa-
tion. Environmentally relevant data should 
be collected in a form that enables simula-
tion and not just material flow analysis. Data 
analysis across entire systems would then 
become possible and environmental data-
bases could thus be improved. n
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In future, greater emphasis must be put on 
the collaboration between materials re-
search, data science and sensor develop-
ment. The agility required in the data-ba-
sed sciences represents a barrier for “old” 
domains that can only be broken down by 
a targeted cultural change. The “common 
language” required for this purpose can 
be developed – and application of modern 
methods can be achieved – via interdisci-
plinary training programmes, collaborative 
research and targeted funding for multidi-
sciplinary research projects.
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4.2.4. Artificial Intelligence in 
Materials Development

According to the fourth paradigm, 
data-based science, existing amounts 
of data (data pools, Big Data) can be 
analysed – for instance, by means of 
neural networks – in order to identify 
regularities or data relationships that are 
purely mathematical and statistical, but 
not physical.

In materials research and production, a 
large pool of material- and processing-
specific measurement data is available, 
including chemical composition, me-
chanical and physical material parame-
ters and process data (production and 
processing). This data can be expanded 
qualitatively and quantitatively by means 
of physics-based material modelling, 
process simulation and data for life 
cycle assessments (LCAs).

This expansion of the data pool can be 
controlled using Artificial Intelligence 
methods. Hence, algorithms must be 
developed that select existing physics-
based models to cheque existing – and 
to generate new – data points and thus 
create an optimised data pool (hybrid AI 
models).
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Various Big Data analysis methods 
(reverse engineering) can be used and 
developed further in order to predict 
material properties for new chemical 
compositions and given processing 
routes. Conversely, processing routes 
optimised for a given chemical com-
position can be calculated to achieve 
specified material properties.
AI methods can thus generate new, 
improved materials and also optimise 
process routes. n

The real-time capability of physics-
based models is inversely propor-
tional to the number of influencing 
variables in the process to be 
simulated. Making optimal use of 
the properties of modern materials 
while minimising variation requires 
efficient modelling of the manu-
facturing process chain. Data-ba-
sed models such as AI approaches 
allow complex relationships to be 
simulated in real time and guaran-
tee optimised processes. In this 
context, promoting collaboration 
between specialists is, again, 
important for successful implemen-
tation. 
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to calculate the current condition of the 
material.
In addition to models of the structural 
evolution of the undamaged structure as 
described above, damage models to the 
material (initiation and growth) are to be 
used. An example of this is the calcula-
tion of thermomechanically loaded com-
ponents and their creep. The primary, 
secondary and tertiary creep including 
pore nucleation, growth and coagulation 
can be used as a basis for determining 
the remaining service life. Use of AI 
methods is also possible in this context 
if sufficient data is available. n

4.3. Materials in Use

4.3.1. Modelling

Components and their materials in use 
can be monitored at various levels. 
Cyclically loaded parts are examined for 
cracks at defined maintenance intervals. 
Fracture mechanics is used to calculate 
cracks, their growth rates, and thus the 
component’s remaining service life until 
replacement. In power plants, reference 
samples exposed to the same loads as 
real components are installed and exami-
ned for damage at specified test intervals. 
Structural health monitoring methods are 
used, for example, in bridge construction, 
in the aviation and aerospace industries 
and in wind turbines to determine and 
monitor the condition of parts.

The materials modelling methods descri-
bed earlier can also be used to predict 
the remaining service life throughout a 
product’s life cycle. Based on knowledge 
of the modelled structure of the compo-
nent, and taking into account material 
production and processing, the structural 
changes in the course of use can also be 
calculated. Given precise knowledge of 
the loads occurring during operation, this 
method can be used to design compo-
nents. Alternatively, measurement data 
of the loads can be fed directly into a ser-
vice-life-accompanying model in order 

Being able to statistically evaluate 
the changes in properties and – in 
particular – failure of materials in 
use and to automatically derive 
measures from this information 
requires data to be collected in a 
diligent and structured manner du-
ring product use and then made ac-
cessible to the scientific communi-
ty. Aside from further development 
of sensors and service-life models, 
particular central challenges to be 
addressed are the development 
of secure methods for external 
data access and clear information 
governance rules.
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4.3.2. Life Cycle Management

The increasing exploitation of natural 
resources and its negative impact on our 
environment also gives rise to significant 
challenges in materials development. 
Although for many materials circular 
processes have been developed, in 
many cases scope remains for improving 
efficiency and environmental compati-
bility. For new materials, it will in future 
also be important to consider circular 
economy scenarios during develop-
ment. It is very likely that materials with 
greater eco-efficiency will have better 
market prospects than those that are 
poorly recyclable. Hence, this area also 
requires intensive future research.
In the case of metals, the focus is clearly 
on classic liquid-phase recycling, which 
is very energy- and cost-intensive even 
when processing pure materials. Promi-
sing new approaches process the mate-
rial directly in its solid state and create 
new products with little effort, although 
with compromises in terms of properties.
Direct processing of individual parts 
of a product, also called upcycling, is 
another important trend. Here, there are 
no limits for creative minds, but also on 
a larger, technological scale, upcycling 
offers untapped potential. 
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The development of smart materials, 
such as self-healing materials, that 
adapt themselves to environmental 
conditions is also an important field of 
research with great potential.
A digital image of a material beyond its 
first life cycle could provide valuable 
support in all life-cycle processes, but 
can only be realized with the help of 
cross-company material data tracking. 
This approach has therefore interesting 
potential, but requires a complex, very 
long-term implementation process. n

Today’s linear economy with its 
high demand for raw materials is 
one of the main drivers of climate 
change. Sustainable use of our re-
sources within a circular economy 
is the solution towards which the 
EU is working. Hence, the end of 
the life cycle of new materials and 
products must already be consi-
dered comprehensively in the con-
ception phase of their develop-
ment. The focus should not only 
be on designing for recycling (for 
both materials and products) and 
on optimising recycling methods, 
but also on repair plans, self-hea-
ling systems and alternative reuse 
of materials. Evaluating which so-
lutions are best requires extensive 
life cycle assessments. 
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Goals
The way to the “NEW DEAL IN PRODUCTION“

The tasks to be tackled on the challenging path to climate neutrality involve taking on greater responsibility than ever for 
ensuring that an environment worth living in is passed on to future generations.

The age-old conflict between economic and ecological goals (climate goals) can only be resolved by means of new and 
improved sustainable technologies and systems.

This requires – more than ever – creativity, motivation and highest qualification.

Attractive products, efficient production systems and high-performance materials are the cornerstones of a successful fu-
ture of the manufacturing industries in high-wage countries such as Austria. The technologies used to implement products 
must build on the latest research results in order to continue to generate new advantages due to innovations in products and 
processes and to enable the implementation of overarching societal objectives such as carbon neutrality, resource conser-
vation and circular economy.

From the current challenges faced by Austria’s manufacturing industry as identified in Section 1 and the detailed insights 
into the three areas of production systems, products and materials given in Sections 2 to 4, we derive, in summary, the fol-
lowing goals, measures and key topics for the implementation of the “NEW DEAL in Production” and thus for strengthening 
production in Austria.

Sustainable Technologies

with potential to resolve trade-offs between
•	 economic goals
•	 climate goals
•	 acceptance
through funding programmes and incentive systems

Climate Goals

•	 Climate neutrality in Europe by 2050
•	 Resource conservation, carbon neutrality
•	 Sustainable products via sustainable product design and sustainable production
•	 Circular economy systems for (raw) materials and products (reuse, upcycling, recycling)

„
Economic Goals

•	 Rapid recovery during/after the COVID-19 pandemic
•	 Strengthening production, competitiveness, prosperity of the Austrian economy
•	 Strengthening Austrian “product owners”
•	 Creation and safeguarding of jobs

q

q
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Resilience of Production

•	 Robustness, independence, stability
•	 Agile, flexible, resilient value networks that produce eco-

logically instead of conventional supply chains
•	 Broad acceptance, explainability, social compatibility
•	 Harmony between people, technology, society and the 

environment

Exploiting the Potential of Digitalisation, Agility and AI

•	 in materials development
•	 in product development
•	 in production

Long Term Goals 

•	 Excellence in materials, products, and production
•	 Motivated, well-qualified people as Austria’s most import-

ant resource
•	 Innovation-friendly environment
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Key Topics
Transformation into Agile, Resilient, Ecological Value Networks
•	 autonomous, agile, cognitive products and production systems
•	 with the ability to “think”, “memory” and goals
•	 automated decision-making
•	 cross-system optimisation for resource-saving production

Seamless Digitalisation
•	 seamless, digital representations (digital twins) of

•	 materials, including manufacturing and processing technologies
•	 products along all life-cycle phases
•	 production systems and processes
•	 engineering processes (product engineering, digital engineering, 

MBSE)
•	 integrated, comprehensive information systems
•	 standards (interfaces, compatibility)
•	 modeling, simulation, optimization of complex, interconnected systems

Model-Based Methods
Modelling, simulation and optimisation of
•	 materials (multi-scale)
•	 products and production systems (multi-physics, multi-level)
•	 engineering processes
Improving the continuity, consistency and traceability of models,  
parameters, information and data

Data-Based Methods (Big Data, AI, Machine Learning)
Use of the wealth of data from production, product use and service for
•	 predictions
•	 condition monitoring
•	 product updates
•	 product improvement

Fusion of Model and Data-Based Methods
Use of
•	 data-based methods to adapt models
•	 models to support data-based methods
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Climate Neutrality
•	 of products and production systems
•	 readiness for circularity and resource efficiency of

•	 materials
•	 products (along all phases of the life cycle)
•	 production systems
•	 engineering processes

•	 sustainable product design and production
•	 evaluation of sustainability using life cycle assess-

ment
•	 exploiting the full potential of digitalisation, cognifi-

cation and AI
•	 design of circular economy systems (remanufactu-

ring, upcycling, recycling)
•	 “Green Technologies” as opportunities for industry 

and work
•	 environmental protection as an opportunity and a 

meaningful goal

Cognitive Technical Systems
•	 products and production systems as cognitive  

systems
•	 embedding of cognitive skills
•	 human-like action 
•	 explainability of decisions
•	 justification of behaviour

Embedded AI
•	 miniaturisation, tiny platforms (mobile AI, edge AI, 

embedded AI)
•	 internet of “thinking things”
•	 Edge AI for cognification in manufacturing 
•	 energy self-sufficiency through energy harvesting as 

a key issue

Dependable IoT
•	 reliable operation even under highly dynamic,  

unpredictable and harsh environmental conditions
•	 internet of “reliable things” for fault-tolerant  

operation also for safety-critical missions
•	 proof of practicability as a prerequisite for broad 

acceptance
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Structural Measures

Funding for Pilot Projects, Pilot and Learning Factories, FabLabs

•	 for quick and early validation of ideas and concepts
•	 for training in the fields of digital production and additive manufacturing, particularly 

for people working in manufacturing industry

•	 for unconventional, experimental and talent-promoting knowledge acquisition and 
knowledge transfer techniques

Qualification

•	 support measures to get young people inspired for technical qualifications and  
professions

•	 training of highly qualified specialists at all organisational levels 
•	 funding to support a culture of diversity and inclusion

Funding Programmes

•	 bipolar structural support: for parallel projects in ICT and production technology 
•	 stimulation of innovation spurts: by intensifying the promotion of research at the 

interface of production technology and ICT

•	 for investment in rapid-prototyping infrastructure
•	 for investment in cross-sector data-sharing infrastructure
•	 to expand the possibilities for simulation (especially in SMEs)
•	 for measures that reduce energy consumption in manufacturing industry

•	 to increase cross-company resilience
•	 for the development of supplier and procurement strategies 
•	 for the interchangeability of materials and components
•	 to support make-or-buy decisions

•	 for new materials and their processing into innovative products with special  
functionalities

•	 development and expansion of low-threshold entry aids for SMEs  
(“Innovation Cheque”)

•	 adaptability of funding programs across all TRL levels



57



58

“Cultural” Measures
Innovation-Friendliness

•	 strengthening of a climate conducive to innovation
•	 commitment to research / development / innovation
•	 appreciation and recognition of innovations
•	 optimism, courage to fail, fault tolerance, perseverance
•	 harnessing setbacks to generate belief and conviction
•	 innovation as a catalyst for building cultural capital

 

Partnership

Alliance between
•	 industry
•	 science
•	 politics
on an equal footing

Claim to Excellence

•	 commitment to excellence in research as a fundamental strategy
•	 long-term perspective in building excellence
•	 long-term perspectives to accompany research excellence at all levels
•	 review by periodic evaluation

Pragmatics

•	 seek and recognise opportunities and take risks
•	 focus on strengths and new, promising opportunities
•	 success by leveraging emerging opportunities and taking promising 

chances

Openness and Trust

•	 hands-on culture and joy of experimentation
•	 open discourse on the opportunities and risks of new technologies and 

business models
•	 promotion of creativity through acceptance of different solution approaches  

in a fault-tolerant entrepreneurial culture
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Incentives for Climate Goals

e.g., by
•	 limiting the use of single-use products and planned obso-

lescence
•	 banning the destruction of unsold durable goods
•	 incentives for Product-as-a-Service business models
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