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Preface

The Second EURECA-PRO Conference on Responsible Consumption and Produc-
tion provides an interdisciplinary forum for practitioners, academics, and scientific
experts on the most recent advances to achieve UN Sustainable Development Goal 12
(SDG12), embracing the challenges posed by the European Green Deal. As such, the
conference aims to represent a unique place to share experiences, scientific results,
and visions for making the EU’s economy sustainable by covering all sectors, espe-
cially transport, energy, agriculture, buildings, and industries. The conference also
aims to constitute a benchmark for leading researchers in the SDG12 field to discuss
current and future challenges, opportunities, and innovative solutions considering
the technological, humanistic, economic, social, and environmental dimensions of
responsible consumption and production.

Alliance consists of nine higher education institutions: Montanuniversitit Leoben
(Austria), Technische Universitit Bergakademie Freiberg (Germany), Technical
University of Crete (Greece), Universidad de Le6n (Spain), Silesian University of
Technology (Poland), University of Petrosani (Romania), University of Applied
Sciences Mittweida (Germany), Hasselt University (Belgium), and University of
Lorraine (France). EURECA-PRO integrates their joined forces to become the global
educational core hub and interdisciplinary research and innovation leader in environ-
mental and social framework development under the umbrella of SDG12, effectively
contributing to the European Higher Education Transformation Agenda. Through
the implementation of five Research Lighthouse Missions (LH) (LH1: ‘Responsible
Material Flows’, LH2: ‘Environment and Water’, LH3: ‘Sustainable Materials and
Products’, LH4: ‘Clean Energy’, and LHS5: ‘Process Automation and Industry 4.0”),
EURECA-PRO is creating a research environment focused on actively developing
solutions to SDG12 current global challenges.

In this book, readers will find excellence-based communications dealing with the
following five topics: (i) Smart and Healthy Societies (LH2 and LHS), (ii) Recycling,
Reuse, and Longer Lasting Products (LH1 and LH3), (iii) Clean Air, Freshwater,
Healthy Soil, and Biodiversity (LH2), (iv) Cleaner Energy and Cutting-Edge Clean
Technological Innovation (LH4) and (v) Industry 4.0. (LHS).



< Preface

Thanks to the participants and the organising team for giving us this opportunity.
The rest of us have no choice but to take advantage of it. On behalf of the organising

committee, we hope you enjoy reading the content of the papers included in this
book.

Leén, Spain José Alberto Benitez-Andrades
Paula Garcia-Llamas

Angela Taboada

Laura Estévez-Mauriz

Roberto Baelo
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Plenary: Anti-Ephemeral Design for Responsible
Production and Consumption of Mobility

Artur Grisanti Mausbachl(g), Cyriel Diels!, Dale Harrow!,
and Maria Cecilia Loschiavo dos Santos?

1 Intelligent Mobility Design Centre, Royal College of Art, 15 Parkgate Road, Battersea,
London SW11 4NL, UK
artur.mausbach@rca.ac.uk
2 Faculdade de Arquitetura e Urbanismo, Universidade de Sao Paulo, Rua do Lago 876, Sao
Paulo, Brazil

Abstract. This paper introduces the concept of Anti-Ephemeral Design through a
discussion about automotive design responsibility on collaborating to the genera-
tion of consumption habits which have great impact on the environment. The paper
examines the relationship between consumerism and the mythical images of the
automobile. Findings from the Joyful Journeys (Mausbach in Fourteenth Inter-
national Conference on Ecological Vehicles and Renewable Energies (EVER).
pp- 1-9, 2019 [1]) and Ecofitting (Mausbachet al. in 2020 Fifteenth International
Conference on Ecological Vehicles and Renewable Energies (EVER), pp. 1-9,
2020 [2]) projects are used to point out the need to look at tangible and intangi-
ble aspects of design to address both environmental, economic, socio-ethic and
subjective aspects of sustainability. The paper proposes an alignment with new
values, to design, produce and consume mobility sustainably.

Keywords: Automotive design - Sustainability - Consumption - Circular
economy

1 Introduction

Anti-Ephemeral Design investigates alternative mobility processes and products aiming
to support the transition to sustainability. While exploring the development of limited
resources circular economy, looking at alternatives to expand the lifecycle of products,
and examining designers and users’ needs and aspirations, the project focuses on solu-
tions which are at the same time responsible, joyful and meaningful at personal and
social levels. This paper introduces the discussion about the relationship between the
mythical image of the car and consumerism, presents alternatives to consumption and
production though the Joyful Journeys [1] and Ecofitting [2] projects developed at the
Intelligent Mobility Design Centre of the Royal College of Art, and questions in why,
how and what form we can consume mobility responsibly.

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
J. A. Benitez-Andrades et al. (eds.), Global Challenges for a Sustainable Society,
Springer Proceedings in Earth and Environmental Sciences, https://doi.org/10.1007/978-3-031-25840-4_1
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4 A. G. Mausbach et al.
2 Car Design and Consumerism

According to Yuval Noah Harari [3], the twentieth century presented a battle between
fascism, communism, and liberalism, ultimately won by the latter, but as “history took
an unexpected turn”, a crisis also hit the liberalism. While the economic crises of 2008,
is cited as one of the reasons for the degeneration of liberalism, the climate crises and the
sanitary crises highlighted that the aims and achievements of society were vain, and its
values need to be reviewed. According to Umberto Eco [4] a crisis has extended to the
concept of community, giving rise to “unbridled individualism”, and “led to the collapse
of ideologies”; then, without sharing values or being part of something, individuals are
pushed to follow consumerism. One which Stuart Walker [5] signals as the kind of
consumerism that turns everything obsolete, creating more frustration than satisfaction,
and cultivating a society of selfishness, envy, and greed. According to Robert Crocker,
“consumers are now ‘trained’ by advertising, marketing, and peer example, to adopt a
linear perspective of the products they buy, as short-lived, packaged products and only
of real value when they are brand new, or nearly so, a perspective that is neither natural
or unchangeable, but one that can be altered” [6].

The design developed as part of the twentieth century economic systems is a reflection
of their values and production systems. In the automotive industry, the pursuit for higher
qualities of the products has been aligned to the mindset of societies which were less
attentive to the consequences of their actions to others and the environment, according to
Jackson [7], a “age of irresponsibility”. Car design has served a system of consumption
which depends on constant growth, massive amounts of resources for production and
use, and responding to fashion cycles which ironically has rendered the contemporary car
mostly irrelevant in meaning and emotional value. The ephemerality of car design raises
questions about the designers’ responsibility, which has been discussed by Papanek [8],
Bonsiepe [9], Manzini [10] and others, but has not yet reached car design to support a
cultural shift.

Cars have never been merely a tool. From its inception, it was both a utilitarian
and a symbolic object, which quickly evolved its own imaginary context, represented
by the myths of Speed, Freedom and Comfort [11]. The twentieth century Car design
focused on attracting the consumer, expressing personality, and innovation. According
to Gui Bonsiepe [9] “design has increasingly moved away from the idea of intelligent
problem solving, and has approached ephemeral, fashionable, fast obsolete, formal-
aesthetic game, glamouring the world of objects”.

In the beginning of the twenty-first century the car is facing a moment of radical
change. Electrification of powertrain, shared use, and autonomy are challenging the
paradigms of the automotive industry and stimulating the replacement of the current fleet
by new vehicles. While this might create a demand for new cars, it does not consider
if people are prepared to replace their vehicles, financially or emotionally. How to deal
with the current world fleet of 1.4 billion [12] cars has not been addressed by automotive
design, which is focusing on creating the novelty. Ephemerality of products need to
be discussed in relation to the possible design strategies. Both the embodied carbon
and their meaning, cultural and personal sensitivities are significant parts of a product.
Proposals of circular economy must start from existent objects, and its already embodied
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carbon footprint. Moreover, the transition also interferes with the way people consume,
use, and experience cars, and more widely, mobility.

Indeed, deeper transformations are needed to deal with the environmental, societal
and climate crisis that humanity is facing now. Particularly, to improve the model of
interaction between the industry and the natural environment in the direction of sustain-
ability, our social, ethical, aesthetic, and economic paradigms need to shift, and both our
subjective and objective experiences need to be addressed. Stuart Walker [5] proposes
to extend the foundation of sustainability to a Quadruple Bottom Line, pointing out that
creative design endeavors should be informed by their Practical Meaning, Social Mean-
ing, Personal Meaning and Economic Means. Therefore, when looking at the transition
of the automobile and its consumption, we should also investigate the subjective aspects
of design. To be able to transform we need also to evolve our viewpoints and be open to
change our assumptions in many areas. The following sections projects from the Royal
College of Art present projects which explore the cultural shift necessary to achieve
more responsible production and consumption of mobility.

3 Sharing Joyful Journeys

The Joyful Journeys project was developed at the Royal Centre with the Loughborough
School of Design, to investigate how meaningful mobility experiences are created. The
project used design research methods such as journey shadowing and interviews to
identify experiences and values inside the current context of mobility. One of the journey
shadowing subjects stared an older woman who gives people lifts in a rural location in the
UK. The recording was transformed in a short movie, including additional animations,
showed in the 2018 London Design Festival, and is available on YouTube [13] (see
Fig. 1).

In the piece, it is noticeable that the experience of a journeys has values beyond the
functional aspect of mobility. The lady points out her love for driving, also as something
that she can still do, and that she likes to give lifts to people as a community bound.
Moreover, the Joyful Journey was created to provoke a debate about the main market
target of current MaaS (Mobility as a Service) on young city dwellers, and to remember
that it is possible to share mobility outside of a monetized structure. The idea of sharing
can immediately reduce the impact of a particular commute while including more people
in an existing vehicle journey. Reducing the ecological footprint of mobility should not
depend solely on the implementation of new technologies or services. There are four
levels of designers’ intervention to transition to sustainability, according to Vezzoli and
Manzini [14]. The fourth level is the proposal of new scenarios corresponding to more
sustainable ways of living: developing at a cultural level; promoting new standards of
quality; changing the structure in response to demand.

4 Ecofitting Circular Economy

The Third level of intervention according to Vezzoli and Manzini [14] is the creation of a
new and sustainable mix of products and services: offering a different and more sustain-
able way to achieve the benefits a product can give, through a new mix of products and
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Fig. 1 Still from the Joyful Journeys video (REF)

services—must be committed to cultural change and new consumer behaviour. Circular
economy proposals can be included in this group. For the success of circular economy,
an important is the integration of the consumer, or user, in the system, expanding the
activity as an integral part of community and creating cultural change. Therefore, design
it is at the core of circular economy.

The Ecofitting project was developed at the Royal College of Art Intelligent Mobility
Design Centre with the support of CENTS (Circular Economy Network + In Trans-
portation Systems) from February 2020 to January 2021 [15]. Ecofitting is a sustainable
solution for the large UK fleet of internal combustion engine cars that is rendered non-
compliant with initiatives like the Ultra-Low Emission Zones. Focused on sustainability
and conceived as circular economy strategy (see Fig. 2), Ecofitting goes beyond just
electrification, opening an opportunity for new approaches to automotive design, and
to cater for generational shifts in desirability. The project proposes the retrofitting to
electric of cars mainly from 1980 to 2000s, which also incorporate alternative aesthetics
and materials.

The project findings indicate that there are promising opportunities for developing
automotive design differently. Car design has developed an aesthetic of perfection, which
is represented by the sleekness of surfaces, thinness of the joint between panels of
metal or plastic, the shininess of the chromes, sharpness of edges, or even the noise of
closing doors which is not aligned with the taste of new generations and is too costly
to maintain and unsustainable [15]. It also points out that Ecofitting is an effective
sustainable solution which respects emotional and cultural values of cars, promotes
long-term ownership, and can change how cars will be designed in the future.
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Fig. 2 Ecofitting Circular Economy landscape [2]. The concept of circular economy creates oppor-
tunity for new SME to participate on activities of retrofitting vehicles aiming to extend their lifecyle
and reduce their environmental impact. Automotive design practice will be like architecture design
practice, bringing professionals and users closer, and cars understood as long lasting platforms,
like architecture

The circular economy solution and concept products developed at the Ecofitting
project were analyzed applying the Sustainable Design Orienting developed to consider
a quadruple bottom line for sustainability [16] (see Table 1). The tool which was origi-
nally developed by the Polytechnic of Milan [17] and included Environmental, Economic
and Socio-Ethic Sustainability issues. It has now been updated with the inclusion of Sub-
jective Sustainability issues. Benefits of Ecofitting are related to long-term ownership,
waste and resource reduction, local production and wider distribution of opportunities,
promotion of local culture, nurturing communities and responsible consumption, pro-
motion of an aesthetic of sustainability, valorization of personal identity and deeper
values. The research highlighted the importance of creating design development tools
considering both the tangible and intangible aspects of design.

5 Conclusion

The transition to sustainable mobility is urgently needed to fight climate change, and
at the same time it can produce great environmental impact. According to Ekins [18]
the Impact on the environment is a product of People, times Consumption, times Tech-
nology (I = PCT). It is necessary to re-think production and consumption, and design
becomes a strategic tool. It has an important role as an applied art that draws upon our



8 A. G. Mausbach et al.
Table 1 Subjective Sustainability comparative analysis using the SDO tool

SUBJECTIVE SUSTAINABILITY

SYSTEM ALIGNMENT WITH
VALUES & SUBJECTIVE WORLDVIEWS

PERSONAL SYSTEM BACKING
FULFILMENT CULTURE &
EDUCATION
PERSONAL AESTHETIC ADEQUACY OF
EXPERIENCE WITH PRODUCT AESTHETIC
PRODUCTS PROPERTIES
PERSONAL AND SOCIETAL
AESTHETIC EXPRESSION
ICE
ELECTRIC VEHICLES
ECOFITTING

The performance of Ecofitting was compared to mainstream industry’s electric cars and internal
combustion cars (ICE)
The values on the vectors come from a checklist [16]

imagination envisioning alternative perspectives, if informed by philosophical, ethical
and environmental considerations, it can make a constructive contribution to the nature,
extend and pace of positive change [5]. This transition should change the relationship
between consumers and product to one of care. According to Crocker [6] “the object
once possessed effectively ‘talks back’ to its owner, requiring time, place, maintenance
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and attention: this is a material, psychological and social relationship, and not just a
momentary transaction.” The relationship of “care” also establishes a connection to the
materiality of the objects.

The Anti-Ephemeral Design research explores the idea of a meaningful engagement
with objects as part of a circular economy, particularly focusing on dealing with the
carbon footprint compromised by aesthetical, normative or technological obsolescence
in the existent car fleet. Anti-Ephemeral Design aims at extending the lifecycles, adapting
products, working with alternative materials and processes, including people through
open source and economic opportunities, therefore, proposing a cultural and societal
shift.

The Joyful Journeys and Ecofitting projects (see Fig. 3) pointed out the need to
look beyond the creation of new products: changing the way we use and extending the
lifecycle of products can offer alternatives for reducing the impacts of mobility in the
environment. To achieve that there is a need for a cultural paradigm shift, we must think
from the point of view of sustainability. We cannot judge sustainable solutions with
a mindset of a non-sustainable society, economy or culture. As advocate by Papanek
“designers have help to wield power to change, modify, eliminate, or evolve totally new
patterns” [8]. It is necessary that design moves from being part of the problem to being
part of the solution. Otherwise, the new paradigms of sustainable mobility Autonomous,
Electric, and Shared will become the new myths. While designing sustainable mobility,
we must consider environmental, economic, socio-ethic and subjective issues, and aim
for joyful, meaningful and responsible mobility.

Fig. 3 Ecofitting Upcycled Golf: the design is used to challenge aesthetic conventions and provoke
a debate about consumption habits [15]
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Abstract. We realize today that the unsustainable way that our societies grow,
consume, and waste natural resources. While resources such as water, fossil fuel,
and nutrients are becoming scarce, climate change is progressing. Sustainable
development implies the need to identify tools to properly manage our water
resources.

1 Summary

We realize today that the unsustainable way that our societies grow, consume, and
waste natural resources. While resources such as water, fossil fuel, and nutrients are
becoming scarce, climate change is progressing. Sustainable development implies the
need to identify tools to properly manage our water resources. However, the chal-
lenge is to understand the interconnections and synergies between technical and non-
technical/social/management and economic aspects. Circular economy appears today as
an alternative economic model that can guarantee the economic growth while minimiz-
ing— or ideally eliminating—the climate change impacts. It dictates that new solutions
are required to deal with waste; in fact, in a circular economy, waste is no longer viewed
as ‘waste’ rather than as a valuable input/material to another process. This new app-
roach also demands new solutions and processes that will not generate an environmental
impact themselves while targeting at solving an environmental issue and/or minimizing
a different environmental impact [1].

Although the circular economy model is already studied and proposed by many gov-
ernments and international organizations, water resources management and especially
wastewater management has not received the similar attention in the context of circular-
ity as is the case of, e.g., solid waste. The relevant discussion has only begun in recent
years with proposals aimed at reducing consumption, reusing and recycling of water and
wastewater and recovery of materials and nutrients. In general, we can say that liquid
waste (human waste, rainwater, runoff) remains the largest untapped waste category, but
it is a pillar of circular economy as defined by the European Commission.

Water reuse has been practiced world-wide under varying regional/local conditions
for decades and is recognized as a vital part of integrated water resources management
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in many countries. Meanwhile, recent developments in the concepts of climate change
adaptation, sustainability and circular economy, as highlighted in the EU Green Deal,
and the UN Sustainable Development Goals for clean water and sanitation, are providing
a renewed interest and awareness on water reuse, and in some cases increased funding
opportunities. On the other hand, these recent initiatives may neglect continuing attention
to traditionally recognized challenges, such as public acceptance, economic feasibility,
and planning and implementation for the protection of public health under specific local
conditions.

At the moment, wastewater recycling initiatives have emerged mainly in countries
facing the problem of reduced water availability mostly due to the effects of climate
change and the increasing cost for drinking water production. The European Union
published just in 2020 a new regulation on water reuse with limited application in
agriculture. There is therefore a lack of a comprehensive plan for the sustainable and
efficient use of wastewater.

In this context, Nature-based solutions (NBS) are more and more widely recognized
as important tools in climate action, in addressing societal challenges, protecting, and
restoring ecosystems and supporting biodiversity conservation [2]. NBS represent an
attractive and useful toolbox for sustainable strategies that can play a key role in the
implementation of the European Green Deal. The European Commission sees NBS as
part of the EU Climate Pact and even promotes nature-based learning initiatives. This
is why the use of NBS such as the green technology of Constructed Wetlands (CW) is
gaining increasing global attention and popularity over the last years. This technology
in particular, has typically few mechanical parts, limited maintenance and operation
needs, limited or even no need for specialized staff, minimized use of non-renewable
materials (concrete, steel etc.), design flexibility and replicability, minimum greenhouse
gas emissions, minimum or even zero energy consumption, and produces no harmful by-
products. NBS can provide solutions that contribute towards a more circular management
of water and wastewater.

NBS change the processes used to treat wastewater to reduce the pollutants load
by applying ecological engineering techniques with reduced carbon footprint and mini-
mized use of materials. Moreover, and most important, NBS can provide the option to
further valorize the treated effluents for beneficial reuse, e.g., for irrigation of crops or
recycling in an industrial process, closing this way the loop of water as a natural resource
in the economic model and promoting circularity aspects and practices (Fig. 1).

This plenary talk will document this approach through a series of case studies that
demonstrate the feasibility, scalability and opportunities provided by CW technology
for circular wastewater management and reuse of different wastewater sources. These
examples will help reflecting how water reuse projects may fit into the context of sus-
tainability and circular economy and be promoted not only in the rural context but also
in the urban environmental and the industrial sector. The case examples highlighted in
the plenary talk will be from Europe, South America, Asia, Middle East and Africa [3,
4].

Identifying sustainable management ways for wastewater effluents is a key factor
towards expanding and implementing the circular economy principles. New, green tech-
nologies are needed to enhance the sustainable character of wastewater management,
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Fig. 1 Left: a constructed wetland system in the Czech Republic for wastewater treatment and
reuse. Right: a constructed wetland system in Oman for oily water treatment reuse

especially in the industrial sectors, but also new initiatives to close the materials cycle
and promote water reuse and recycling. Nature-based solutions such as the green tech-
nology of Constructed Wetlands can provide these desired characteristics. The case
studies presented here from different wastewater sources and different climatic condi-
tions demonstrate that the dual goals set of implementing sustainable technologies and
circular practices is technically and economically feasible at various scales. The use of
Constructed Wetlands for wastewater allows the recycling of the treated effluent in the
industrial process reducing this way the freshwater consumption. It also enables the reuse
and exploitation in irrigation to produce valuable crops. These examples of wastewater
management indicate the potential to close the loop of water and promote circularity
aspects and practices in the water sector.
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Abstract. Smart and healthy societies are among the research areas where it
is important to make progress in order to achieve the targets set by SDG 12
within the framework of the EURECA-PRO alliance [1]. For this reason, a panel
discussion was held during the 2nd EURECA-PRO Conference on Responsible
Consumption and Production”. This panel was attended by two expert researchers
with complementary profiles that allowed a dynamic discussion on this topic:
Manuel Franco, from the University of Alcal“a (Spain) and Barbara Wedler, from
the University of Mittweida (Germany). The experts answered four questions
related to smart and healthy societies and how they can help to achieve several of
the objectives of the European Green Deal: (i) what are the challenges of smart and
healthy societies on the way to achieving climate neutrality by 2050; (ii) what new
opportunities will sustainable production bring in the field of smart and healthy
societies; (iii) how can we promote sustainable production in the field of smart and
healthy societies; (iv) how can we promote sustainable production in the field of
smart and healthy societies; and (v) how can we promote sustainable production
in the field of smart and healthy societies? [2].

Keywords: Smart societies - Healthy societies - SDG12 - EURECA-PRO -
European green deal - Responsible consumption and production

1 Introduction

The European Green Pact is the answer to climate and environmental change and the
social challenges they bring. Achieving such a change is not easy, which is why it requires
the mobilisation and support of citizens and governments in all European countries. To
promote the efficient use of resources by moving towards a clean and circular economy,
a roadmap has been incorporated with a series of actions proposed by the EU:
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Become climate neutral by 2050.

Protect human life, fauna and flora by reducing pollution.

Helping companies to become world leaders in clean products and technologies.
European industry currently uses only 12% recycled materials.

e Help ensure a just and inclusive transition.

Several lines of research can help to achieve these objectives from different per-
spectives. For this reason, the EURECA-PRO (‘European University on Responsible
Consumption and Production’) Alliance has generated five lines of research called Light
Houses (LH1: ‘Responsible Material Flows’, LH2: ‘Environment and Water’, LH3: ‘Sus-
tainable Materials and Products’, LH4: ‘Clean Energy’, and LHS: ‘Process Automation
and Industry 4.0°). In this sense, smart and healthy societies are part of LH2 and LHS5.

Smart cities and societies have as their primary objective to implement different
technological innovations that help improve the population’s quality of life [3]. This
objective is complemented by improving the environmental impact of people’s lifestyles.
This is achieved by implementing new policies and improving the management of, for
example, public transport in cities, among many other actions. This will help improve
sustainability and achieve the climate neutrality desired in the European Union and is a
priority today.

On the other hand, from the perspective of healthy societies, the objectives of making
people healthier and healthier have as a direct consequence sustainable food systems,
boosting the economy and caring for nature [4]. An example of this is the European
agricultural and food system, which is a global benchmark in terms of security, as well
as security of supply, nutrition and quality. If this message and approach can be conveyed
to the whole world, a global standard of sustainability can be created. Through these
changes, several of the objectives of the European Green Pact will be achieved.

In view of the above, the main objective of this panel discussion is to answer the
following four questions in the field of smart and healthy societies from experts:

1. Which are the main challenges to address in the field of smart and healthy societies?
And which are the key actions to be adopted to move towards EU climate neutrality
and a more sustainable prosperity in this field?

2. Which new opportunities regarding sustainable production the European Green Deal
will bring about in the field of smart and healthy societies?

3. How can we encourage responsible consumption and boost the nexus between the
systems of production and consumption to reach the European Green Deal in the
field of smart andonlthy societies?

4. How can we increase/raise awareness of young EU citizens about the need of boost-
ing responsible consumption and production in Higher Education Institutions like
Universities?.

Section 2 of this paper then summarises the views of Manuel Franco and Bar-
bara Wedler with regard to the proposed questions and, in Sect. 3 sets out some final
conclusions in this regard.
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2 Panellist Discussion

2.1 Manuel Franco

To answer the first questions, which are the main challenges to address in the field
of smart and healthy societies? And which are the key actions to be adopted to move
towards EU climate neutrality and a more sustainable prosperity in this field?, it is first
very important to highlight that urban population in Europe is around 80% of the total
population, as it is in Spain. Other regions in the world, Latin America, for example,
has had one of the most rapid increases in urbanization, seeing its proportion urban
population double from 1950 to 2020. While Africa and Asia have lower urbanization
rates, urbanization has increased rapidly in these regions in recent years, and it is expected
that later this century these regions will be home to most of the world’s urban population.
The key actions to be adopted in EU cities to move towards EU climate neutrality
and a more sustainable prosperity are at least three for and Urban Health perspective.

— Developing sustainable food systems, moving toward plant-based diets, and reducing
meat consumption.

— Developing and promoting active (walking, biking) and public transportation that can
drastically reduce greenhouse gas emissions while improving health.

— Speeding communication and translation of significant science regarding these topics.

Once identified these key points the main challenge is; how do we do it? How can
we make it happen? Intersectional cooperation and collaboration will be fundamental.

Regarding the second question, Which new opportunities regarding sustainable pro-
duction the European Green Deal will bring about in the field of smart and healthy
societies?, the European Green Deal offers a great opportunity in the topic of healthy
and sustainable food systems in EU cities. Developing sustainable food systems moving
toward plant-based diets, more just food chain workers and reducing meat consumption.

As a relevant example, the EU funded project School food for change (SF4C)
includes eight relevant objectives regarding healthy and sustainable food systems and
the European Green Deal:

1. 40% organic food to be offered in EU school menus

2. 25% of primary food products to be offered in EU school menus from regional
sources (j 200 km)

3. 25% Green House Gas emissions reduction through more plant-based food content,
food waste reduction and low-carbon food chain (from farm to fork EU strategy)

4. 15% of schools offering free of charge breakfasts or healthy snacks (organic, poten-
tially regional fruits/food/drinks) for all, in particular to support disadvantaged
groups

5. 15% of SFAC tenders including food education related criteria (e.g. awareness raising
for children or kitchen staff)

6. 15% increase of n° of kitchens preparing less than 5000 meals/day (to support better
market access to smaller producers, reduce industrialized food dependency; increase
job creation; promote “kitchen food hubs™)
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7. 12% of food procured from small farmers (below 10 ha) and/or social food producing
cooperatives or/and engagement with at least 3 SMEs in food procurement

8. 50% of coffee, tea and exotic fruits (where they are exotic!) from fair trade sources
(to support small farmers, vulnerable groups, gender, international cooperation).

In relation to the third question, How can we encourage responsible consumption
and boost the nexus between the systems of production and consumption to reach the
European Green Deal in the field of smart and healthy societies? as researchers are
part of the stakeholders in responsible production and consumption, we need to help
and participate in the communication and dissemination of research projects and results.
For example, myself I collaborate with national and international newspapers, radios
currently have a newspaper column on urban health.

We most also acknowledge that civil society engagement is fundamental to encour-
age responsible consumption and production. To make happen the most relevant social
changes related to responsible production and consumption civil society engagement
through associations and third sector will be fundamental.

Finally, in relation to the last question, How can we increase/raise awareness of
young EU citizens about the need of boosting responsible consumption and production
in Higher Education Institutions like Universities ?, teaching programs at the Universities
including a responsible consumption and production lens is needed, but research and
participation in practical work is very the only way to assure that students engage with
the meaning of SDGs.

2.2 Barbara Wedler

The world as we know it is over. Many people in Central Europe grew up in peace, could
educate themselves freely, lived with enough food and used energy at all times. As it
turned out, these things that were taken for granted are not a matter of course. Now, we
are more aware of this as individuals and as a society.

We now live more consciously and deal with everything more carefully as a gain in
this otherwise dramatic development.

The most important challenge to address in the field of smart and healthy societies
is to enable and to promote positive change in behaviour. There is already a great deal
of encouragement among the population about issues relating to the environment, the
climate and animal protection. The challenge is to implement positive intentions in every-
day life. The circumstances, such as financial hardship, useless advertising, misleading
offers, everyday habits, a bad infrastructure, etc. go in exactly the opposite direction.
The orientation towards profit maximization ignores the real needs of the people. It is
also necessary to apply alternative economic models that exploit neither people nor the
planet. As a goal and at the same time a result of the before mentioned challenges: cli-
mate change must be reduced. It takes intersectoral cooperation and thinking in systems.
There is a positive vision like the “Economy of Well-Being” to bring stakeholders and
policymakers together. The World Wide Fund For Nature says “A ‘well-being economy’
starts from the idea that public interests should determine economics and not the other
way around. Rather than pursuing economic growth through narrowly defined indicators
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such as GDP, a well-being economy monitors and values what truly matters: our health,
nature, education, and communities”!.

Basically, people should not forget, despite all the options regarding sustainable
production, the European Green Deal will bring about in the field of smart and healthy
societies, that social interaction is an essential dimension of health. At the same time,
the high degree of mechanization allows more people to work in humanitarian areas.
Moreover, the health sector have technologies that relieve nurses, teachers, etc., of a lot of
time-consuming work. For example, a professor from the University of Applied Sciences
Mittweida disassembles old televisions and radios. He keeps the old components inside
but also fits in modern technology. Therefore, old programs can be played and old
technology can be worked at the same time. The aim of using old media technology
is to stimulate the mental performance of older people with dementia through media
support and to maintain it for as long as possible. The use of technical possibilities
offers the chance to approach the special experiences and needs of people. At the same
time, pressure from staff (e.g. nurses) can be taken off. The possibility of living in the
past through these media, with images and sounds, is familiar and comforting.

What we can see from this example: good cooperation between engineers, nursing
staff, older people, etc., is needs-and demand-oriented. People for people can be great
model for the future.

The goal is that production will be oriented more towards what people really need:
care sharing instead of large-scale production; expansion and securing of public trans-
port; production of “culture” as an educational asset; promote regional agricultural
products and reduce overproduction of food.

Encouraging responsible consumption and boosting the nexus between the systems
of production and consumption to reach the European Green Deal in the field of smart
and healthy societies need our own action, which should always serve as a role model
Knowledge of the interactions plays an important role. Of course, politicians must also
be aware of their responsibility to all people. Necessary are:

e An integrated approach across all policy areas

e A common purpose

e Networked actions by all relevant actors, for example: The promotion of regional,
biologically unpolluted agricultural products. This requires the subsidization of an
appropriate for the species and chemically unpolluted agriculture. As aresult, the sales
opportunities for regional products must be increased and promoted. The transport
routes should also be optimized and imports should be checked.

e A comprehensive, target group-oriented processing of information, for example:
promotion of health and climate protection as a regular part of school lessons.

e The “healthy” society should already be a product of the Green Deal, for example:
The University of Applied Sciences Mittweida has been in place since 2017 the health
management. In addition, exists a concept for climate protection. All areas merge into
each other and show how carbon dioxide emissions can be reduced in the company
and how health can be strengthened.

https://www.wwf.eu/what_we_do/eu_affairs_governance/towars_an_eu_wellbeing_eco
nomy/.
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e Improvement of structures and participation opportunities in schools, communities,
cities etc.

In these processes, universities also have a role model effect. The University of
Applied Sciences Mittweida feels connected to the European Green Deal, the federate
state strategy of the Free State of Saxony and the Ottawa Charter of the World Health
Organization (WHO). So, what does it mean in praxis? The connection between the EU
targets for reducing carbon dioxide emissions and keeping employees healthy can be
found in 6 overarching fields of action.

For example, the university aims to activate mobility via bicycles. The so-called
“Campus Flitzer” are freely available to avoid using car on campus. Students refurbished
the bikes, which are over 30 years old. This is an example of using human resources,
outdated equipment and strengthening active mobility.

Two years ago, the university also made further adjustments in relation to climate
change. It has supported converting green areas into biodiverse flowering meadows and
meadow orchards. Now they offer various insects a space to live. Education in the sense
of knowledge transfer and participation means inspiring students and taking as many
people as possible along the way. However, communication beyond the boundaries of
the university and networked actions are also important to inspire enthusiasm for the
Green Deal.

3 Conclusions

Summarising the expert’s answers to the four questions posed in this panel, we can
say that the objectives to be achieved by solving the problems related to smart and
healthy societies, in an indirect way, can help to solve the problems within the EU
SDG 12 on responsible production and consumption, as well as sustainability. There
are different challenges that, through the achievement of smart and healthier societies,
will ultimately have a positive impact on climate neutrality. To this end, it is necessary
to educate the population through various training and educational actions that help to
promote responsible production and consumption within this topic.
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1 Introduction

Circular economy (CE) in a nutshell is the process of discovering and using waste as
a resource. The traditional approach of society in using materials is the “take-make-
use-dispose” approach, which in the light of current environmental pressures and our
finite planet is not something which leads us to be a healthy society and thus should
not be pursued any longer. There are different types of approaches within the circular
economy, namely reduce, reuse, repair, remanufacture and recycle, according to given
needs. However, there are certain challenges and limits to the circular economy, reach-
ing amongst others from socio-economic developments such as population growth and
developing economies which is connected to growing material demand, over to mate-
rial requirements such as qualities for high-tech products or availability of secondary
materials to systemic and economic implications such as stable policies that allow for
stable business models within the CE. The European Union has launched the CE Action
Plan in March 2020. It is meant to be one of the building blocks to achieve the Green
Deal and focuses on initiatives along the entire life cycle of products in key industries
such as for example batteries, plastics, textiles, food and construction. The main targets
that are meant to be tackled are product design, CE processes, encouraging sustain-
able consumption as well as waste prevention. It represents not only a document along
which measures can be implemented but is a call to action for European society and
industry. Despite such comprehensive documents and actions, it seems CE is a much
more complex and far-reaching topic and successful implementation tricky. The panel
discussion mirrored that the question of integrating all the materials that are already in
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circulation is not treated sufficiently. It is one thing to start designing things for recycling
now, developing a comprehensive circular life for a new product, but the other aspect
is that there are extensive amounts of materials that haven’t undergone a process of
being redesigned for a second life. In this respect the relation of conventional cars vs.
the amount of electric cars was mentioned. Are we going to throw away all regular cars
and produce new electric ones from primary materials? This question was then closely
linked to the question of how to control waste streams efficiently. First this is true for
collection systems because only what is collected can be recycled and second if it is
not known where some products disappear to it is hard to design stable CE streams and
stable business models from them. It was clearly ascribed to policy to take responsibility
to ensure successful reclamation as well as successful and increased utilization of these
secondary materials in new products.

2 Panellist Discussion

2.1 Artur Grisanti Mausbach

Circular Economy

The European Green Deal aims to EU climate neutrality by 2050, setting ambitious goals
for environmental, health and social standards. The European Green Deal is the EU’s new
growth strategy, aiming to transform the EU into a fairer and more prosperous society,
with a modern, resource-efficient and competitive economy, with no net emissions of
greenhouse gases by mid-century [1]. The Commission is supporting the move to a
more circular economy, which can help to secure Europe’s economy while reducing
the dependence on imports. The Commission notices that “however, achieving a climate
neutral and circular economy requires the full mobilisation of industry”[2]. The challenge
is even bigger when we look at the world of objects and business which exists already
and were not made to be circular.

The adoption of a circular economy model, instead of a linear model is a significant
aspect of the systemic change aiming sustainability. It aims for wider benefits to society,
business and environment which require changes on attitudes of consumers, improving
communication and sharing information on supply-chains, doing business in unusual
ways, understanding the new position of stakeholders, and others which without the very
change in products and design would be ineffective. The integration of the consumer, or
user, in the system, is a key aspect of the circular economy model, since he is an active
actor of the cycle, and an integral part of the community creating cultural transformation.
This kind of change would impact the economic model and might not produce the same
amount of profit, but can produce other matters of economic gain, such as inclusion and
sharing.

Opportunities to SMEs and Start-ups

The Ecofitting project [3] developed at the Royal College of Art Intelligent Mobility
Design Centre demonstrates in the case of car retrofitting, how many systems of produc-
tions need re-thinking and repositioning to include circularity. For business it can also
mean opportunities. Ecofitting presented the design of a platform to connect consumer
to business in a circular economy (see Fig. 1).
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Fig. 1 Ecofitting design platform diagram [4]

The support to SME and start-ups is the key, also because they are the home of
the disruptors, and to change from one system to another we will need to disrupt. The
disruption will be characterized by new economy and production structures and a shift
in consumer behaviour. This also means changing what is designer, how is design, and
when to design. We have to support adaptations and be open to alternative technologies.
Remembering that not always we need to replace technologies, but we need to change
how much we use them.

A Change in Values

We need to change the focus of society. An economic and societal change cannot happen
without a change in values. We cannot constantly promote consumption and competition
and call it responsibility. Walker [5] adds that the “consumer society encourages all these
social ills through the constant supply of novelty and status-oriented goods combined
with marketing techniques that incite socio-positional competitiveness”. It’s not enough
to have circularity. We need to slow down the circle...

We depend too much on objects and material and financial resources to find our
happiness, which ironically isn’t there. We have to refocus to human to human and to
nature relationships to find meaningful, respectful and joyful experiences. The shift to
circularity, to responsible consumption and production, to equality, to inclusion and to
sustainability, can only happen if we change hearts and minds. Universities and schools
are a where we develop intellectually and spiritually, and therefore these are the places
to start the change.
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2.2 Beatriz Jiménez Parra

Question 1

In order to achieve the ambitious target, set in the Green Deal related to the reduction
of carbon emissions by 55% by 2030 compared to 1990 levels, our society have to deal
with a number of key challenges.

In my opinion, one of the most important one is fostering a real and effective
transition process from a linear model to a completely circular pattern. According to
European Commission (2020), only 12% of secondary materials and resources being
brought back into de economy. This involves encouraging a climate of cooperation,
commitment and co-creation among all stakeholders. For example, enterprises should
rethink their business models, adapting them to circularity and, investing in R&D, which
implies to own money, time and other kind or resources. Consumers should change their
“use and throw away” philosophy of consumption, choosing the most environmentally
friendly options such as recycled, remanufactured and/or repaired products, which means
that these alternatives have to be provided by enterprises. Finally, policymakers should
develop more measures to tackle firms “practices such as products” planned obsolescence
or greenwashing.

Other important issue that is shaping up as a challenge is waste management. It
must be acknowledged that small steps have been taken in this regard and progress has
been made in this direction. However, there is still a pending issue since there exist
some waste material that, due to their characteristics, source of origin, quantity, volume,
etc., is more difficult to recover, manage or dispose of (waste from construction sector,
hazardous material from WEEE, etc.).

The aforementioned challenges require the implementation of some key actions such
as (1) co-creation/cooperation working groups among stakeholders (firms, consumers,
citizens, policymakers, environmentalism associations, NGOs, etc.); (2) reinforcing the
legal framework; (3) developing and implementing awareness actions aimed at key
stakeholders; and (4) providing financial incentives to companies and consumers to
encourage them to adopt more responsible production and consumption patterns.

Question 2
In general, moving towards a more circular economy, and in particular with regard to
responsible production, implies some important benefits [6—15]. To name a few:

(1) Reducing the pressure on the environment by eliminating waste and pollution
(reducing or eliminating packaging, water use, etc.) and regenerating nature
supporting natural processes and leaving more room for nature to thrive.

(2) Improving the security of the supply of raw materials by keeping materials in use,
either as a product or, when that can no longer be used, as components or raw
materials through remanufacturing, recycling, refurbishing, etc.

(3) Increasing the competitiveness and stimulating innovation, for example, embracing
new technologies such as extended reality, blockchain or internet of things, and
designing more durable and innovative products that will increase the quality of
life and save consumers money in the long term.
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(4) Boosting the economic growth and creating new jobs o increasing the demand of
the existing ones (experts in waste management and valorization, bid data, new
materials, and new (renewable) energy sources, among others).

(5) Provinding more durable and innovative products that will increase the quality of
life and save consumers money in the long term.

Question 3

In order to encourage responsible consumption, it is essential to provide consumers
with a set of tools to enable them to make environmentally conscious choices. This
means providing them with complete and relevant information on the characteristics
(recycled, repaired, remanufactured, etc.) of the products, developing a standard prod-
uct labelling system, dealing with the planned obsolescence and, improving product
guarantees, among others actions. These are some of the issues on which the European
Parliament (2020) has already been working in recent years, but more progress needs to
be made on this regard.

Similarly, it is important to promote product service systems (PSS) and collaborative
consumption patterns. This implies that, where economically feasible and possible, it
should be replaced product ownership with product use. These consumption patterns
arrangement lower the financial threshold that customers must meet to acquire expen-
sive equipment, increases customer access to the company, and eliminates consumer
burden of end-of-life disposal and recycling [5]. This PSS also presents an opportunity
for companies to design the product for disassembly, single part replacement, recy-
cling, remanufacturing, etc., which is commonly named “design for X”. It means that
enterprises can play an important role to reinforce the link between responsible and con-
sumption and production obtaining some benefits/advantages while allowing consumers
to save money and make a more responsible choice.

I believe that cooperation among the different parties involved (enterprises, con-
sumers, citizens, policymakers, etc.) is essential to boost the nexus between the systems
of production and consumption to reach the European Green Deal in the field of Circu-
lar Economy. It means to create a culture of inclusion that enables co-creation. Some
actions aims to get this objective might include the establishment of alliances among
different stakeholders, such as the EURECA-PRO alliance (https://www.eurecapro.eu/)
or the “New European Bahaus” (https://new-european-bauhaus.europa.eu/index_en).

Question 4
Higher Education Institutions, especially Universities, can contribute to increase aware-
ness of young EU citizens about the need of boosting responsible consumption and
production. Actions in this area should focus on two pillars: (1) providing students with
knowledge on these topics and (2) involving students in the process of changing by
helping them to know how they can contribute to this transition process.

Some examples of actions that Universities can carry out to achieve these objectives,
could be:
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(1) The inclusion of subjects/modules directly related to sustainable consumption and
production in their study programs at several levels (bachelor, master and PhD).

(2) The cooperation agreements between Universities and enterprises or other private
and public institutions so that students can be more aware of what it needs to be done
and how they can contribute to achieve it, both in their current role as consumers
and as future professionals.

(3) The development of activities and participation in events on topics related to respon-
sible consumption and production issues (design for “X”, zero waste, planned
obsolescence, etc.).

3 Conclusions

A central point of the discussion turned out to be the principle of economic growth and
what it entails in terms of production and consumption. It was mentioned that companies
should focus much more on qualitative than quantitative growth and that the growth of
the circle needs to be slowed. The consumer was also ascribed responsibility in their
behavior, however, it was made clear that the way current business functions and the
marketing mechanisms that are being leveraged are making it difficult for consumers to
act responsibly. New generations of phones, cars, clothes coming out every few months
evoke a feeling of need in consumers and this is even aimed for. Mostly new things are
bought not because they lose their technological function but because they lose their
aesthetic function, which means new things are bought for their looks.

In conclusion, it was agreed that as society we have failed to address the pressing
issues regarding CE sufficiently and in an efficient way. Despite European efforts this
remains a big global challenge. The common tenor echoed that not a single stakeholder
group is responsible for the entire cycle but many groups are responsible for different
sections of it. These groups need to work in an integrated way and develop solutions
together and quickly. Success can only be gained from multi-perspective approaches.
All learnings and the consciousness for responsible system design with regards to CE
needs to be included in all education so that future decision makers have this engrained
in them as basic principle in all they do. The topic needs to be jointly reflected and much
more brought to the center of attention of everybody.
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Abstract. Environment and Energy are among the research areas where it is
important to make progress in order to achieve the targets set by SDG 12 within
the framework of the EURECA-PRO alliance. For this reason, a panel discussion,
facilitated by Prof. Evan Diamadopoulos, was held during the 2nd EURECA-PRO
Conference on Responsible Consumption and Production. The panel consisted
of two expert researchers with complementary profiles that allowed a dynamic
discussion on this topic: Jimeno Fonseca, from AXPO GRID (Switzerland) and
Carsten Drebenstedt, from the Technical University Freiberg (Germany). The
experts answered questions related to environment and energy and how they can
help to achieve several of the objectives of the European Green Deal.
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1 Introduction

The global environmental problems do not necessarily come from the wrong application
of technology, but quite often they are directly related to modern societal expectations:
Urbanization, land use, transportation patterns, intense food production (particularly
meat production), waste production and disposal, high energy demand based on energy
generation from fossil fuels. Therefore, new innovative approaches on global scale are
required which encompass sustainability practices, integration of primary and secondary
resource material flows and efficient resource use in the frame of Circular Economy.
However, technological advances by themselves are not enough: Societal changes are
required primarily through the development of an inclusive, borderless and integrated
European Education System (Education in the broader sense of the word) as the key to
reaching competent and conscientious citizens who can contribute to this grand European
societal challenge.

The EU has set very ambitious goals for mitigating climate change: Targeting Carbon
Neutrality by the year 2050, carbon emissions should be reduced by 55% in 2030 with
respect to the 1990 levels. However, is such a plan plausible, given that, according to
Eurostat, 70% of energy needs in 2020 in EU27 were covered by hydrocarbons and coal?
This European Green Deal is also a commitment that the EU will be moving towards
that direction at a higher rate than any other country or region, while most of EU clean
energy infrastructure must be installed in the next two decades.
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It is understandable that Carbon Neutrality or even reduced carbon emissions cannot
be achieved in a short period of time, a transition period is needed, in which natural gas is
supposed to play a significant role. However, a tremendous increase in the price of natural
gas either because of the high demand for it and, of course, the war in Ukraine has been
experienced. On the other hand, if the European Union moves towards renewable energy
sources, a great deal of mineral resources are needed: raw materials and steel for wind
generators, and rare earth and other elements for electronics, batteries and photovoltaic
systems, none of which are produced in Europe in sufficient quantities. The EU will have
to balance out the need for clean energy, sustainable prosperity with high environmental
and social standards, and the fact that Europe depends on other countries and economies
with different or even hostile geopolitical priorities.

In order for the EU to be transformed into a resource-efficient, yet competitive
economy, the supply of critical elements has to be guaranteed. However, the EU lags
in the production of lithium, rare earths, and essential industrial metal elements to the
extent that it faces a significant risk of a supply gap jeopardising the plan for clean energy
projects and infrastructure. In order to meet its clean energy goals by 2050, the EU will
require 35 times more lithium and 7 to 26 times the amount of rare earth metals compared
with today’s figures. In addition, the energy transition towards Carbon Neutrality will
set increased requirements on annual supplies of zinc by 10-15%, aluminium by 30%,
copper by 35%, silicon by 45%, nickel by 100%, and cobalt by 330%.

In relation to the Energy Green Deal, Europe faces four essential questions:

1. Can Europe rely on increased imports of critical elements in order to secure the
increased demands of them? China, being the leading supplier of refined metals,
will make Europe highly dependent on her.

2. Can Europe increase mining production and refining capacity which will lead to a
reliable stream of essential metals into Europe? Considering that mining, processing,
and refining are energy-intensive (and at times that energy prices are skyrocketing),
environmental concerns are high, and production capacity is limited, this scenario
cannot provide the required quantities of critical energy elements fast enough to
reach the goals set in the European Energy Green Deal.

3. Canrecycling of essential energy elements play an essential role in Europe’s demand
for them given that for some basic metals (for example, aluminium, copper, and zinc)
recycling already provides half of Europe’s supply? Europe will have to facilitate a
new recycling industry for solar photovoltaic panels, as well as electric vehicle bat-
teries, both reaching end-of-life conditions after 2035. Recycling could give Europe a
significant supply source, yet new recovery technologies and recycling infrastructure
should be developed.

4. Even if Europe guarantees the required supply of metals and other critical elements,
what kind of infrastructure must be developed during the transition period in addi-
tion to new mines, processing, and refining facilities, as well as recycling industries?
New electricity grid networks have to be designed and commissioned. Water reser-
voirs at different elevations that would act as energy storage have to be constructed.
Development of hydrogen production facilities (after testing appropriate hydrogen
generation technologies) and hydrogen distribution networks must be implemented.
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Computer Artificial Intelligence techniques, Data Analytics, and Digital Twin tech-
nologies in the energy sector should provide guidance towards this direction. And
finally, administrative complexity in relation to the resource efficiency and carbon
neutrality must be minimized.

2 Panellist Discussion

2.1 Jimeno Fonseca

The role of technology in the energy transition goes pretty much hand in hand with socio-
economical change. Technology makes processes more efficient and bring us together.
On the other hand, the implementation of any technology depends on socioeconomic
factors, such as capital, land, labor, and acceptance. Would technology alone help us
to reach the goals of the energy transition, such as carbon neutrality or adaptation and
mitigation for climate change?

This question is rather difficult to answer, but it reminds me of 2016, where the book
“Energy Efficiency Strategies for Urban Communities” [1] portrayed four alternatives
for cities to reach carbon-neutrality in Switzerland. These included energy efficiency,
infrastructure retrofits, clean energy and land-use re-/allocation. While the first three
relate to technology, the last is a socioeconomical decision of high impact. According
to the book, land-use can already constrain 30% of the future demand and production
of energy in cities, other factors such as technology remain the same. After all, land
constrains services, which constrain transportation, water, food, and energy too. Despite
its potential, such a socioeconomic strategy, if considered, is pretty much far from easy.

Another socioeconomic strategy to reduce the strains on energy systems and fossil
fuel consumption widely studied is behavioral change. The truth is that from all possible
nudges meant by energy saving campaigns, price signals have demonstrated to be the
only strategy due to make an impact at scale. I decided to make a small test during the
Eureca-Pro Conference of October 2022. There, 90% of the participants were already
drastically saving energy at home as a result of the high energy costs in Spain. The
percentage was just 10% one year ago, despite the multitude of ongoing campaigns
about energy, climate change and decarbonization. While effective, the problem with
socioeconomical strategies such as demand management, is that they are inflationary
and may even lead in most cases to social unrest, as seen in France last year.

Since socio-economical strategies prove rather difficult to be applied or sustained,
and most of all, work towards setting up restrictions instead of opportunities, I prefer
to rather look at the vast number of opportunities that innovation in digital technologies
can lead us to the future of the energy system. It is not rare to find companies in the
energy supply business such as Axpo [2] to heavily invest in technology as the means
for increasing the efficiency and sustainability of their business. Such technologies can
be divided into three categories: Hardware, Software and Processes. What I like of all
these three categories is that small improvements can be measured, replicated and be
understood at scale.

In terms of Hardware, we decided at Axpo to modernize our grid by doubling the
voltage of our power lines some time ago. This brings today the possibility to cut to a
fourth the transmission losses of our network, while getting us ready to attend a growing
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demand of energy. What made such an increment on efficiency sustainable is today a
small, yet powerful Innovation called the iTAK System (Insulated Suspension Chains)
of Axpo [3]. In the past, we had to remove masts to locate new power lines to increase
transmission capacity. Thanks to this chain, we can now do it at a fraction of the cost
while reutilizing our masts.

In terms of Software and technological processes, companies in the energy sector
advance their capabilities to better generate, manage and extract value of their data.
The advent of technologies such as Cloud Technology, Data Analytics and Building
Information Modelling make this possible. Cloud Technology hast been adopted to a
great extent to better inform customers, suppliers as well as every employee. Integrated
Asset Management platforms such as Insights [4], for example, serve as the “google” of
digital assets, making possible to connect all wealth of information to a single location.
Bringing thousands of terabytes of information to a single clear spot is key for improving
the operational efficiency of big energy companies and making a service of the highest
quality possible. On the other hand, Building Information Modeling, or the BIM-Method
[5] at Axpo is transforming the whole way how energy infrastructure is planned and built.
On the principle of “Build first digital, then physical” engineers in energy companies
are improving the efficiency of their entire planning and construction process with the
use of information models instead of 2D printouts. The BIM-method and its digital
tools improves transparency, facilitates decision and helps to early identify and mitigate
failures, which in return leads to better safety, material and time savings.

Digital technologies represent a clear opportunity to improve the efficiency of energy
infrastructure not only during planning and construction. During the operation stage of
infrastructure, a gain in efficiency results in better production capabilities, less costs, a
more sustainable business, and when done right, a positive impact on the environment.
A clear example of improvements for energy companies is the advent of automated
inspections of their assets with Unmanned Aerial Vehicles (UAV) or drones [6]. Dam-
ages to power lines are critical for every society. Until recently, preventive inspections
were carried out by climbing on poles or with helicopters in remote and sometimes
dangerous locations. The process was time consuming, costly, and required a built up of
permits. Companies such as Axpo bring today these digital technologies such as UAV
and software for image recognition successfully to the field. Together, they allow to
semi-automatically inspect and identify damages of infrastructure in record time. The
results of “From Mast to Monitor” are astonishing and have made the whole inspection
process double accurate and faster.

To conclude, digital technologies play an important role in improving the efficiency
and sustainability of energy companies. Examples of Hardware, Software and techno-
logical Process are becoming widespread. Key technologies in this realm such as Cloud
computing, Data Analytics, Building Information Modeling, and Unmanned Aerial Vehi-
cles are becoming an intrinsic part of the operations of the energy sector. While socio-
economic factors such as land-use reallocation and behavioral change do represent an
important aspect of the energy transition, they lie beyond the tangible, and feasible
scalation of strategies that we need to build a sustainable future.
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3 Conclusions

As Europe, are we ready to move towards a Carbon Neutral environment without jeopar-
dizing the high economic, social, and welfare standards we experience here in Europe?
Can we achieve this strictly by technological change or it is important to raise citizen
awareness towards responsible consumption patterns, sustainable transportation, and
nature-based solutions? How can we cooperate with other countries and regions world-
wide in order to be effective on global scale? Of course, all these questions are difficult
to be answered, but the time to work on them has reached us all.
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Abstract. In the current context, the situation of the Spanish rural environment,
its depopulation, as well as the alternatives that must be addressed from the public
administration to address this problem, possesses within the agenda of the State
to find a way to revitalize the countryside, in particular to light of the most recent
world events that have occurred since 2020, which have evidenced that the food
strength of the country goes hand in hand with the generation of strategies that to
serve the increasingly depopulated rural environment. We intend to make a brief
illustration of this phenomenon, making a global analysis of the situation to then
focus on the province of Ledn, analyzing the causes of the depopulation of its rural
environment, the negative vegetative growth that has been experienced in recent
decades and that still impacts the region today, the consequences that this situation
has brought to the countryside, as well as the strategies, public actions and policies
developed at the administrative level to address this a problem that is spreading
more and more throughout the various Spanish Autonomous Communities. With
this panorama in mind, we will review the trends related to sustainable tourism,
the viability of implement a sustainable tourism strategy aimed at demographic
revitalization for the Province of Le6n, the responsible use of its resources natural
resources, as well as the guarantee of their survival, within a component of public
policy for the sustainable growth of environments.

Keywords: Sectoral economy - Social change and development - Evolution of
societies - Legal system and protection

1 Introduction

The Spanish rural scenario has been strongly affected by various phenomena that have
led to its depopulation, consolidating what is now commonly known as “empty Spain”
[1]. Among them we have the abandonment of agricultural work, its reduction by mod-
ernization [2], the attraction of the city towards the inhabitants of the countryside derived
from industrialization and the growth of new urban centers [3], the decrease of social,
labor, educational and cultural opportunities in less productive environments [4], as well
as the progressive devaluation of the rural world derived from the perception of the rural
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way of life as a space of cultural backwardness and lacking value [5, 6]. At the same
time, the poor communications network that the country has been dragging for some
time [7], makes the rural space even more distant both physically and temporally from
the current Spanish reality, which ultimately has led to an aging of the rural population
[8], and loss of employment [9].

Since the 1960s, various strategies have been designed to guarantee the sustainability
and survival of the rural world, as was the case of the vacation programs in farmhouses [7].
On the other hand, tourism has become an axis of economic development in the country,
with the objective of generating social and inclusive development, a link between the
economic, institutional and environmental sectors, to diversify economies, generating
new demands for services for the community, reducing the exodus of the population,
consolidating new employment opportunities for women and young people.

Thus, we propose to review the general context related to the genesis, phases and con-
sequences of the depopulation of the Spanish rural environment, the programs associated
with rural activity, the state of public actions in terms of attention to the demographic
challenge. Subsequently, we will enter into the study of public policies and actions related
to the promotion of rural development and the regulatory framework that supports the
sustainable development of the rural environment, together with the characteristics of
sustainable tourism.

Finally, we propose to present the strategy of sustainable tourism as an essential
public action for demographic revitalization, a strategic axis for rural territorial devel-
opment, especially in the most economically and socially depressed areas, diversifying
the industry, within a productive cycle and responsible consumption that allows fac-
ing the demographic challenges, taking advantage of the resources destined to consoli-
date employment opportunities and stable work, providing homogeneously distributed
socioeconomic benefits.

2 The Abandonment of Rural Areas

The first enlightened experiences of colonization in the interior date back to the nine-
teenth century, with the approval of agricultural colonies, and later with the concept
that emerged in 1866 of “coto redondo acasarado” as the basis for an individualist colo-
nization system [3]. Later we had the presence of agrarian liberalism and the search for
agrarian reform. Then, in 1907, we had the approval of the colonization and repopulation
of the interior (distribution of land among poor farmers) of little practical significance.

From 1905 onwards, the Canalejas (1911) and Alba (1916) projects followed, which
was succeeded by the Dictatorship of Primo Rivera and the actions of the Second Repub-
lic: focused on land distribution. These were followed in time by the 1931 Constitution,
the 1932 Agrarian Reform Law, and Royal Decree 118 of 1973, to name but a few.

As has been analyzed in recent years, the low effectiveness of these actions is well
known, as they have not addressed at all the crisis generated by the depopulation of
the Spanish countryside in areas of large abandoned agricultural areas, a paradoxical
situation in comparison with the European scenario, in which the areas of greatest poverty
are located in urban centers, finding that in today’s globalized economy local territories
are discovered as the main sources for promoting [3].
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From the mid-twentieth century onwards, the situation has not changed much, with
depopulation advancing because of a prolonged historical process in which migratory
movements can be framed as a result of two parallel processes [2]. On the one hand,
we have the development of industrialization models centered basically in the urban
and capital area with little implementation in medium-sized cities or rural areas, and
on the other, the imbalances derived from the unjustified difference in the provision of
essential public services, which were reduced in accordance with the decrease in the
point of equilibrium necessary to make their maintenance profitable.

For this reason, life in the Spanish countryside has gradually become an impossible
and uprooted option that is economically uncertain and highly discriminatory because,
among other things, local administrations are not equipped to offer the conditions that
motivate citizens to establish permanent residence in the rural environment [2]. The
migration of the rural population has been constant towards urban environments, as they
aspire to a better quality of education, better employment, health, housing, in short,
to substantially improve living conditions. Among the multiple causes that have led to
depopulation in rural environments we have:

e Impossibility of maintaining an active and competitive primary sector in the food
demand, together with the inadequacy of soils, the lack of capital and the bad structure
of the properties of the agricultural exploitations.

e Inadequate supply of cultural, recreational, and social services.

The industrialization of the agricultural sector, which in some areas drives urban

migration due to the decrease in job opportunities.

The reduction of the labor market.

The aging of the population.

Loss of labor force.

Reduction in the number of inhabitants of municipalities with the consequent

suppression in the provision of public services.

e Negative vegetative growth.

This is why, although in principle Spain has experienced significant demographic
growth, since between 2001 and 2019, the country went from 41.1 to 47 million inhabi-
tants, increasing by almost 6 million more people, which represents a growth of close to
15%; the truth is that in the twenty-first century the process of depopulation has inten-
sified, and this process of loss has accelerated in the last decade. This is especially the
case in four autonomous communities that have lost population during the twenty-first
century (Extremadura, Galicia, Castilla y Le6n and Asturias). Especially at the munic-
ipal level, since of the 8131 municipalities in Spain, 5102 have lost population since
2001. Similarly, in the last decade, 6232 municipalities have lost population. This phe-
nomenon, as has been mentioned, is eminently rural, with 926 municipalities with a
density of less than 12.5 inhabitants/km?, the threshold considered by the EU to be at
demographic risk, which has consequently translated into negative vegetative balances
since the 1980s [10].

In the case of Castilla y Le6n, the community has an area of 94,225 km?, almost
undoubtedly the largest region in Europe, reaching 19% of the national territory but with
a population of less than 2,500,000 inhabitants, with a great dispersion of the population
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essentially in the rural world with 2116 municipalities with less than 2000 inhabitants,
1981 with less than 1000 inhabitants and 1724 with less than 500 inhabitants, and on
the other hand only 15 cities in the community have more than 20,000 inhabitants [4].

3 Status of Public Actions to Address the Demographic Challenge

Thus, the objective of the demographic challenge must be equal rights and opportunities
for people wherever they live, which is also a symbol of social cohesion and due legal
protection in basic guarantees that the State must provide to all citizens. It is not possible
to reverse economic trends if it is not initially clear how the rural territory is to be
sustained and developed. With such a perspective, there is a need for change in the
public policy framework of the economic and territorial development models in both
urban and rural areas [2], insofar as it is intended to preach a true social cohesion that is
basically impacting the democratic models on which society is based.

The union between law and these problems is reflected in the use of administrative
instruments to motivate and activate the actions of the administration in search of the
necessary social cohesion in these territories, as well as the guarantee of constitutional
rights, thus ensuring the effective realization of the social rule of law model such as:

Real equality (Articles 14 and 9.2. C.E.)

Dignity of the population of rural areas (article 10 C.E.)
General interest (article 103.1 C.E.)

Economic progress (articles 40.1, 130.1, 131.1 C.E.).

The demographic evolution of the last decade may affect the sustainability of the
welfare state and jeopardize social cohesion, territorial structuring and the model of
coexistence [3]. For this reason, the Ministry of Ecological Transition and Demographic
Challenge has pointed out that the demographic challenge is a fundamental dimension
of social and territorial cohesion in our country and one of the priority axes in the agenda
of pending reforms.

In the short term there are no clear, rapid and uniform solutions to combat it, so it is
essential to establish plans and programs that articulate actions at all levels of territorial
power, combating the complex web of economic, social, environmental and cultural
causes described above. These solutions must be based not only on rural migration [11],
but also on the generation of capital, large investments, public sector decisions, personal
desires for liberation and process, as well as the generation of productive and sustainable
environments.

It is necessary to bear in mind that the problem of depopulation is, above all, a legal
problem because it is largely based on inadequate normative regulation and the formu-
lation of strategies and public policies that govern not only the relationships between
people but also between people and public authorities and between citizens and their
environment. It is becoming increasingly evident that the administration, with its exces-
sive legal regulations, contributes to further aggravating the problems of the rural world,
making its revitalization more and more difficult, partly because the formulation of these
regulations is never based on the reality of the territories they are intended to regulate.
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4 Public Policy for Rural Development and Sustainable Tourism
Strategy

Policies to address demographic challenges do not refer to the analysis of social factors
in the explanation of variations in the so-called natural movement of the population
(birth rate, mortality, municipality), but precisely the opposite: the attempt to modify
the demographic structure of a population to improve its situation, development, or
processes of inequality [3].

Despite the antiquity of the phenomenon, it is only in recent times that attention has
been paid to it through the following instruments:

e 2015 Senate Report on the adoption of measures in relation to rural depopulation in
Spain [12].

e VI Conference of Presidents of January 2017, in which the need to address
demographic changes or challenges is determined [13].

e Creation of the government commissioner to address the demographic challenge:
Royal Decree 40/2017 of January 27 [14].

e Report 1 of 2018 of the Economic and Social Council on the rural environment and
its social and territorial structuring [15].

e General Guidelines of the National Strategy for the Demographic Challenge [16].

e Creation of the Ministry for Ecological Transition and the Demographic Challenge:
Royal Decree 139/2020 of January 28 [17].

e Creation of the General Secretariat for the Demographic Challenge by Royal Decree
500/2020 of April 28 [18].

In turn, with the General Guidelines of the National Strategy for the Demographic
Challenge [16], 7 cross-cutting objectives have been established, which are:

e Guarantee full territorial connectivity, with adequate co-opening of broadband internet
and mobile telephony throughout the territory, in accordance with the European Digital
Agenda 2020.

e Ensure an appropriate provision of basic services to the entire population in conditions
of equity, adapted to the characteristics of each territory.

e Incorporate the impact and demographic perspective in the preparation of laws,
plans and investment programs, favoring territorial redistricting in favor of greater
social cohesion.—Advance in regulatory and administrative simplification, for small
municipalities, in order to facilitate the management of municipalities.

e Eliminate stereotypes and enhance the image and reputation of the territories most
affected by demographic risks.

e Improve mechanisms for greater public—private collaboration, enhancing the incor-
poration of demographic factors in the social responsibility of the private sector, to
turn all territories, without exclusions, into scenarios of opportunities.

e Align the lines of action and purposes of the Strategy with the fulfillment of the
Sustainable Development Goals and the 2030 Agenda.
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Among the measures promoted is the promotion of tourism, and within this, mention
should be made of Law 45/2007 of December 13 for the Sustainable Development of
the Rural Environment (LDSMR), which is an ambitious instrument that has sought to
reverse the situation of depopulation. Its purpose, as stated in its first article, is to regu-
late and establish measures aimed at promoting sustainable rural development as a suit-
able mechanism for counteracting the growing territorial differences and guaranteeing
equality among Spanish citizens as a whole.

According to the second article of this law, the aim is to support and progressively
expand the economic base of the rural environment, maintain and improve the demo-
graphic situation of rural areas by increasing the well-being and quality of life of the
citizens through the conservation and recovery of the heritage and natural and cul-
tural resources of these areas. In addition, Article 22 establishes specific and particular
objectives that must be included in the policies adopted and developed by the different
administrations.

The realization that the Spanish rural environment continues to show a development
differential with respect to the urban environment, especially marked in certain rural
areas, revealed the shortcomings of this essentially agrarian model and the need for a
change in the focus of public policies, which, in order to attend to frequently marginalized
territories and populations, should move from an agrarian and sectoral approach to a
fundamentally territorial and integral approach.

Territorial cohesion, and with it environmental sustainability and human habitability,
must then be understood as an opportunity within a new country model aligned with the
international sustainable development agendas—Agenda 2030 of the Sustainable Devel-
opment Goals, the Paris Agreement on climate change and the New Urban Agenda—that
place people at the center of their actions, since the main challenge must be to combat
inequality in access to services.

In this set, 130 measures were proposed in response to the demographic challenges
facing Spanish communities, with sustainable tourism being one of the axes of develop-
ment, seen as an economic and social engine and a lever for the sustainable development
of the territory, which can contribute to halting the depopulation of the rural environ-
ment and its consequent deterioration, to the protection and promotion of heritage and the
natural environment and to the improvement of the quality of life of people, promoting
among others 7 measures for its promotion [19]:

Tourism Sustainability Program in Destinations

Sustainable Tourism Product Development Plan

Plan for the Promotion of the Circular Economy in tourism

Maintenance and sustainable rehabilitation of historic heritage properties for tourist
use

e For a healthy tourism: cultural and natural heritage and sports activities

e Plan for the Digital Transformation of Tourism Destinations

e Plan for the Digital Transformation of Companies in the tourism value chain through
Artificial Intelligence and other enabling technologies.

Despite the above, the instrument, although ambitious, has not had the corresponding
investment from the administration to carry out its initiatives that would allow to reverse
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the situation of depopulation of rural areas in a decisive and forceful way. This has meant
that, for example, new activities planned to promote the sector, such as rural tourism or
the recovery of historical and cultural heritage, have been lost. Additionally, the lack of
coordination and planning at the time of designing the actions to develop to revitalize
the rural environment by the public administrations are in frank retreat, which, added
to the gradual forgetfulness of the organisms in charge of the citizen participation, have
made unfeasible, in spite of the multiplicity of instruments, strategies, the construction
of a true model of sustainable territorial development.

Finally, we consider that all these actions should be urgently reviewed in order to
adapt them to the concrete and specific needs of small and medium-sized municipalities.
Indeed, as a national strategy, the obvious rule of territorial, cultural and population
diversity of the Spanish territory. For this reason, although as an incipient framework
it may be indicative, in practice, like so many other regulations, it does not meet the
needs of rural areas. It is imperative to make the requirements more flexible in order
to implement the various lines of action, to promote economic activities and to favor
regulations that take into account the various municipal realities, along with a more
flexible regime for achieving the objectives set forth therein.
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Abstract. This paper briefly presents the creation of an intelligent electric vehicle
with self-driving capabilities that can be integrated into both the new Smart Grid
and Smart City concepts, as well as its use as a prosumer element in an electricity
supply network. The realization of a small electric vehicle obtained based on a
conversion of its thermal engine into an electric engine, the integration of com-
munication systems based on the LoRa network and the use of LiDAR sensors for
the purpose of mapping an area of interest is briefly presented. A concept for the
development of an electricity supply system with the help of photovoltaic panels
installed in the city of Petrosani is also presented. The entire designed system, even
if part of it is only at a conceptual level, represents a starting point in terms of the
development of integrated systems around an autonomous electric vehicle with
autonomous driving capabilities that can be considered truly 100% non-polluting
through given the fact that the vehicle’s batteries will be powered by renewable
sources.

Keywords: Electric ATV - Smart city - Prosumer - Autonomous vehicle

1 Introduction

According to many researches, toxic emissions from diesel and petrol cars have caused
serious air pollution problems in European cities and cause tens of thousands of pre-
mature deaths every year. According to the competent authorities in the field, transport
is responsible for a quarter of the greenhouse gas emissions of the European Union,
and the emissions generated in this sector continue to increase. A transition to a non-
polluting transport system is vital especially in large urban agglomerations. Sustainable
alternatives to driving, such as electrified public transport or cycling, are also needed.
When there are no sustainable alternatives, the electric car can be an efficient means of
transport, especially if it is used by several people or in a car-sharing system [1].

At the moment, Romania can be traveled from any point to any point with an electric
car with an autonomy of at least 150 km. Electric car models available on the Romanian
market in 2021 have an autonomy between 200 and 500 km. Over 300 locations are
available throughout Romania where an electric car can be charged. Each location has
on average about 3 charging points per location, that is, there are 900 charging points in
Romania [2].
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Free charging stations have almost completely disappeared, but the indicative price
at public charging stations for 1 kWh is between 0.13 € and 0.51 €, much lower than
on the liberalized market for home users.

To fully charge an electric car with a 50 kWh battery at public charging stations, the
price is between 9.14 € (the cheapest tariff plan) and 25.38 € at charging stations (the
most expensive tariff plan) being able to get an autonomy of about 300 km. This means
that you can travel 100 km paying an average of around 8 € with an electric car. The
same 100 km traveled by a car with an internal combustion engine (which consumed on
average 8 L/100 km) cost on average about 15 € [3].

If we discuss how much CO; a car produces, we must consider not only the CO;
emissions during use, but also the emissions generated by its production and scrapping.
The production of an electric car is less environmentally friendly than that of a car with
an internal combustion engine, and the level of emissions from electric vehicles varies
depending on how the electricity that powers the car is produced. But as the share of
electricity from renewable sources will increase in the future, electric cars will become
even less harmful to the environment [4].

2 The Electric and Plug-In Hybrid Vehicle Market in Romania

Although we are living in uncertain economic times marked by big problems related to
the increase in energy prices, Romania has started to count in terms of sales of electric
and plug-in hybrid cars, while the network of recharging stations for these vehicles
benefits from important support both from the authorities and from the private sector.
Romaniahad, on December 31,2021, atotal of 7,6111,039 cars, of which 13,310 vehicles
electrical.

In the ranking of the best-selling 100% electric cars in Romania, in 2022, the first
place was: Dacia Spring, with 3068 units, model launched in 2021, followed by Volk-
swagen Up with 435 units and Hyundai Kona 384 units. As far as hybrid plug-in cars
are concerned, the top sales in Romania is led by Renault Captur—with 269 units, Ford
Kuga 261 units (model produced in Romania, in Craiova) and Hyundai Tucson 229 units

[5].

3 Identification of the Problem

After consulting several specialized works in the field of electric vehicle development, it
was observed that at least in Romania, but even in Europe, the niche of electric vehicles
usable in closed spaces is rather poorly represented. Whether we are talking about small
electric vehicles or whether we are talking about larger ones, they all currently lack
certain smart capabilities that would allow them to be successfully integrated into a
Smart Grid system. Also, even if they are used in certain industrial facilities, electric
vehicles still lack autonomous driving capabilities. So, this is where the objective of this
work comes from, the design and realization of a system that integrates electric vehicles,
a communication network suitable for use in closed industrial spaces and a system for
locating vehicles in this type of space as well as a mapping system then usable for
autonomous driving [6].
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4 The Solution to the Problem

The research fits perfectly into the current concerns regarding the realization of small
electric vehicles with intelligent capabilities that can be used in closed industrial spaces.
A small electric vehicle has been created starting from the functional platform of an ATV.
An induction motor and two command and control strategies were chosen for the drive
part. The first strategy was based on the motor controlled with the help of a frequency
converter and for the second strategy a specific controller was made with the help of
IGBTs (Fig. 1).

Fig. 1 Electric ATV

The entire system is powered using a continuous electric voltage of 72 V obtained
by connecting 6 12 V (40Ah) batteries in series. The 3 IGBTs are powered using copper
plates for efficient energy transfer (Upa.x = 72 V). The system control is done using
the PWM method (U/f = constant).vIn addition to creating an electric vehicle, it is also
desired to create a communication system that can be used according to the V2V (vehicle
to vehicle) or V2X (vehicle to everything) concepts. In order to achieve this goal, the
research focused on finding an innovative communication protocol, still little used in
Romania, the LoRa communication system [7].

Built four LoRa devices using ESP8266 and LoRa RFM96W transceiver modules,
each with the ability to be either a node or a base station (Fig. 2).

To make an autonomous electric vehicle, we need more data about its control method,
as well as data about the environment and its location in a given reference space. The
first and most important of the tasks is to accurately determine the position of the vehicle
in real time in an indoor space. Due to the fact that in an indoor space, and especially one
that has a resistance structure that has strong metal reinforcements, a classical GPS-based
localization method cannot be used, it is necessary to use another method to determine
the position of the vehicle in the reference space with acceptable accuracy. To achieve
this goal, an algorithm for determining the vehicle’s position using the RSSI (received
signal strength indicator) of the LoRa modules was created. The results obtained also by
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Fig. 2 Manufactured LoRa modules

implementing a machine learning algorithm using the measured RSSI data of the LoRa
devices used for localization are relatively good, being able to determine the position
of a LoRa network node with respect to a central device with a small error (0.7%) up
to a distance of 100 m [8]. Even if the position of the electric vehicle in real time is
known in a closed perimeter, there are not enough data to define and make a route that
can be followed by the purpose of taking certain data of interest. Thus, it is necessary
to introduce in the whole system of specific sensors. A special category of sensors
introduced into the functional structure of the electric vehicle is that of the sensors with
which the distance of the vehicle can be determined to a certain obstacle and then a
map of the enclosure can be generated. The 360° RPLIDAR A2 laser scanner developed
by SLAMTEC has a highly reliable and highly accurate laser measurement system and
has excellent performance in indoor and outdoor working environments (Fig. 3). The
realization of the map of the interior space as well as the representation of the route
taken by the electric vehicle can be found in Fig. 4.

The result presented briefly in this paper is realized by making a small electric vehicle
adaptable to any type of terrain. It can be used both outside, for example in the mid-
dle of urban agglomerations and inside closed industrial facilities. The electric vehicle
is operated with the help of an induction motor controlled with the help of a special
inverter made in the laboratories of the University of Petrosani. The effective command
and control part was made with the help of a Raspberry PI 4 development board. The
Robotic Operating System (ROS) application was also installed on the Raspberry PI 4
development board, which has the role of integrating the Lidar system used for map-
ping the space where it circulates the electric vehicle with the rest of the command and
control elements [9]. The whole system must be seen as a unitary whole in which the
electric actuation part works together with the LoRa communication system used as a
localization system, with the mapping system obtained with the help of a LIDAR sensor
and with the rest of the sensor components, actuators and transducers. Due to the fact
that the entire mechanical system is built from recycled parts, it is proposed that the next
stage of development be the creation of a charging station using solar energy, as well
as the installation of flexible solar panels on its functional surface, then being able to
truly say that this electric vehicle is 100% non-polluting [10—12]. The batteries of this
electric vehicle can constitute an energy input within the general electricity production
network, being able to transform into a prosumer type element when needed [13]. So
that within this project we can say that we have reached the vehicle to grid component,
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Fig. 3 The hardware assembly of the LIDAR mapping system mounted on the electric ATV

Fig. 4 Generation of the route made by the electric ATV

laying the foundations for future developments regarding the future of electric vehicles
in the Smart City concept, and especially in the Smart Grid within the University of
Petrosani.

The entire concept briefly presented in this work is the subject of a patent appli-
cation. The invention described in the patent application number A/00201/28-03-2019
has obtained several gold, silver and bronze medals at various national and international
invention salons held up to now [14].



50

C. Rus and M. Leba

References

10.

11.

12.

13.

14.

. Militaru, A.M.G., Rotérescu, A.M., Fleaci, B., Fleacd, E.: Innovative practices for pollution

prevention and control implemented by companies in Romania. In: European Conference on
Innovation and Entrepreneurship, vol. 17, no. 1, pp. 657-664 (2022)

Barbu, L.: Environmental fund In Romania: How public money are spend for a “green”
national transport? Revista Economica 74(1) (2022)

Tudorache, D., Simionescu, C.: ElectroWay: smart routing for electric car charging. In: 2022
International Conference on INnovations in Intelligent SysTems and Applications (INISTA),
pp. 1-5. IEEE (2022)

Apostol-Siegl, S.: Developing the public charging infrastructure for battery electric vehicles
in Romania. In: Challenges and Opportunities. Doctoral dissertation, Wien (2022)

Petre, I.L., Motofeanu, M., Vasile, M., Baciu, V.T.: Study on the impact of increasing the share
of electric vehicles on carbon dioxide emissions in Romania. In: Economic Convergence in
European Union, vol. 116 (2022)

Piramuthu, O.B., Caesar M.: Effective charging strategies for rental BEVs. In: 2022 IEEE
95th Vehicular Technology Conference: (VTC2022-Spring), pp. 1-5 (2022). https://doi.org/
10.1109/VTC2022-Spring54318.2022.986062

Rus, C., Mija, N., Leba, M.: Autonomous electric ATV using IPM based inverter control and
deep learning. In: World Conference on Information Systems and Technologies, pp. 746-755.
Springer, Cham (2020)

Rus, C., Marcus, R., Pellegrini, L., Leba, M., Rebrisoreanu, M., Constandoiu, A.: Electric
cars as environmental monitoring IoT network. In: IOP Conference Series: Materials Science
and Engineering, vol. 572, no. 1, p. 012091. IOP Publishing (2019)

Rus, C., Leba, M., Negru, N., Marcus, R., Costandoiu, A.: Autonomous control system for
an electric ATV. In: MATEC Web of Conferences, vol. 343. EDP Sciences (2021)
Tarulescu, R., Tarulescu, S., Leahu, C., Olaru, M.: Photovoltaic system for E-Smart electric
vehicle. In: IOP Conference Series: Materials Science and Engineering, vol. 1220, no. 1,
p. 012009. IOP Publishing (2022)

Calise, F., Cappiello, F.L., d’Accadia, M.D., Vicidomini, M.: A novel smart energy network
paradigm integrating combined heat and power, photovoltaic and electric vehicles. Energ.
Convers. Manage. 260, 115599 (2022)

Nasr Esfahani, F., Darwish, A., Williams, B.W.: Power converter topologies for grid-tied
solar photovoltaic (PV) powered electric vehicles (EVs)—a comprehensive review. Energies
15(13), 4648 (2022)

Forssén, J., Estévez-Mauriz, L., Gustafson, A., Kropp, W.: How can we plan for a good urban
sound environment, focusing on road traffic noise? In: IOP Conference Series: Earth and
Environmental Science, vol. 588, no. 5, p. 052037. IOP Publishing (2020)

Marcus, R., M., Rus, N., C., Leba, M.: Smart electric motor vehicle with function of recov-
ery of portion of consumed electric power, has generators whose produced electric energy
is transferred by wireless system placed inside closed metallic enclosure. Patent Number
RO133662-A0, Derwent Primary Accession Number 2019-935159


https://doi.org/10.1109/VTC2022-Spring54318.2022.986062

®

Check for
updates

Physical Processing in Waste Printed Circuit
Boards Recycling: Current State of Research

Dawid M. Franke! ® @, Tomasz Suponikl , and Pawel M. Nuckowski?

1 Department of Geoengineering and Raw Materials Extraction, Faculty of Mining, Safety
Engineering and Industrial Automation, Silesian University of Technology, 2 Akademicka
Street, 44-100 Gliwice, Poland
dawid. franke@polsl.pl
2 Materials Research Laboratory, Faculty of Mechanical Engineering, Silesian University of
Technology, 18 A Konarskiego Street, 44-100 Gliwice, Poland

Abstract. The article presents and compares the results of metal separation from
pulverized printed circuit board waste (PCBs) using physical and physicochemi-
cal processing methods. PCBs type FR4 were used for the research, which were
ground at cryogenic temperatures using a knife mill. Separation processes for the
same feed were carried out using electrostatic and gravitational separation, and
flotation. Compared to the other PCB recycling methods, the ones presented in
the paper have a lower environmental impact and allow the reuse of both metals
and non-metallic parts. The highest efficiency was for electrostatic separation, as
a result of which the following products were obtained: 26.2 wt% metal prod-
uct, 2.8 wt% middlings and 71 wt% a product containing non-metallic parts. The
products obtained in this way are easy to use in other processes. A product con-
taining valuable metals can be processed in local metal processing plants, while
shredded non-metallic parts can be a good filler for epoxy resin composites. Fur-
thermore, electrostatic separation in comparison to other used methods has the
lowest environmental impact because there was no need to use water and compli-
cations associated with it. Thus, the technology of PCB recycling proposed in the
work is characterized by high efficiency and is environmentally friendly.

Keywords: WEEE - Recycling - PCB - Physical separation - Circular economy

1 Introduction

Due to the increasing amount of waste electrical and electronic equipment (WEEE)
and the possible shortage of various raw materials, sometimes referred to as critical, the
assumptions of the circular economy should be introduced. Namely, itis a business model
aimed at extending the life of the product by reusing, repairing, recovering, and using
secondary raw materials in the production process [1]. According to the new approach,
the produced good after application must be used in the following production cycle,
reducing the amount of waste generated. An important aspect is that the fundamental
element of almost every WEEE are printed circuit boards (PCBs), which contain valuable
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metals. Therefore, it was decided to loop the printed circuit boards (PCBs) market, by
applying a new concept of product life cycle using environmentally friendly methods,
which was presented in the article.

For environmental, cost, and economic reasons, the physical and physicochemi-
cal processes of mineral engineering appear to be very promising for use in industrial
technologies at an early stage of processing. It is at this stage that materials that were
previously tightly bonded can be separated and then used directly or processed through
more invasive methods. As a result, this action complies with the “do no significant
harm” principle written in the article 11 of Regulation EU No 2020/852 [2] and can
be considered as an environmentally sustainable action. Figure 1 shows an example of
the application of this concept for printed circuit boards. In 2019, the global production
of WEEE was 53.6 Mt and is expected to increase to 74.7 Mt in 2030. The estimated
value of raw materials contained in e-waste produced in 2019 was 57 billion USD but
considering the current level of WEEE collection and recycling, the potential value for
the recovery of raw materials was 10 billion USD [3].

Fig. 1 The concept of WEEE processing on the example of PCBs

The process of recovering metals from PCBs can be carried out using ecological and
cheap physical or physicochemical methods, for example using gravity, electrostatic
separation or flotation [4—6]. Before these processes, PCBs should be properly shredded
to release individual parts of the boards.

The article aimed to present and compare the key results from the used separation
methods, as well as to indicate examples of the use of the products from the most efficient
method.

In Sect. 2. Material and Methods characteristics of the PCBs and separation meth-
ods, i.e., flotation, electrostatic and gravitational separation, as well as the process of
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preparation of the feed, were determined. The following Sect. 3. Results present the key
research results obtained from the authors’ previous works, which were comprehensively
discussed in Sect. 4.

2 Material and Methods

2.1 Material

PCBs consist of two basic elements: a board with metal paths and electronic components
mounted on the board’s surface, i.e., transistors, resistors, batteries, LEDs, microproces-
sors, and various types of connectors. Depending on the type of board, it can be made of
materials such as reinforced paper, aluminum, or reinforced fiberglass. For the research,
the most common FR-4 type PCBs were used, whose boards were made of 70 wt% of
materials such as epoxy resin and polyesters, and 30% of metals (Cu, Fe, Al, Sn, Ta, Ga,
Au, Ag, and Pd) in a free state [7, 8].

2.2 Preparation for Separation

Before the grinding and separation, the previously mentioned electronic components
were demounted, which could disrupt the grinding and separation processes due to their
physical properties. Then, the clean PCBs were cut into 3 x 3 cm pieces and cooled
to cryogenic temperatures by placed them in a tank with liquid nitrogen. Subsequently,
the pieces of PCBs were ground using a TESTCHEM laboratory knife mill, in which a
sieve with a 1 mm mesh perforation was attached.

2.3 Separation Methods

The recovery of metals from the remaining parts of PCBs was carried out using the
following processes and devices:

e clectrostatic separation—drum electrostatic separator Boxmag-Rapid Ltd.,

e gravity separation—concentration table and laboratory cyclofluid separator,

e flotation—Mechanobr laboratory flotation machine using dimethoxy dipropylenegly-
col (concentration of 157 mg/dm3).

The methods were selected to evaluate different separation methods, belonging to
the physical processing. During electrostatic separation, the process occurs as a result
of differences in the electrical conductivity of the grains and their ability to accumulate
surface charges, while in gravity separation as a result of differences in specific densities.
Itis important to emphasize that the grains are separated horizontally on the concentration
table, and vertically in the cycle fluid separator. Whereas in the case of flotation, the grains
are divided due to differences in hydrophobicity.

An important aspect of selected methods is also the separation conditions. In the case
of electrostatic separation, the grain must be dry, while in other methods the separation
takes place in an aqueous medium. In flotation, it is additionally necessary to use flotation
reagents to increase the efficiency of the process.
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The detailed methodology of the research and the test results were presented for the
electrostatic, flotation and gravity methods, respectively, in the papers of Suponik and
Franke [4-6].

3 Results

As a result of grinding, the feed was obtained, which mainly consisted of grains with a
size of less than 0.5 mm (83%) and grains with dimensions from 0.5 to 1 mm (16.6%)
(Table 1). However, a trace number of grains 1-1.4 mm (0.4%) was identified. These
grains were mainly needle-shaped, and thus, they got through a sieve in the mill [5].

Table 1 Particle size distribution of grounded PCBs [5]

Grain classes, mm 1.4-1.0 1.0-0.5 0.5-0.36 0.36-0.09 < 0.09
Yield, % 0.4 16.6 57.9 8.5 16.6

The main characteristic feature of the feed was the variety in the shape of grains. It
can be generally concluded that the metal grains were mostly globular and patch-shaped,
while needle-shaped and fibrous grains were derived from reinforced fiberglass [5, 6].

The results of research with the use of flotation, gravity and electrostatic separa-
tion are shown in Fig. 2. The best separation of the metallic product (concentrate) from
plastics was obtained for electrostatic separation (Fig. 2). The yield of this product
was 26.2 wt% and had the highest number of valuable elements (above 93.3%, mainly
68.5% Cu, 11.5% Sn, 0.1074%Ag and 0.0092%Au), and furthermore, it had the low-
est number of impurities (less than 3%). In this method, the yield of plastics product
was 71 wt% and had 0.54% valuable elements (mainly Cu). In the case of electrostatic
separation, 2.8 wt% middlings were obtained, which mainly consisted of conglomerate
grains (plastic-metal) [5]. The products obtained by the method of gravity separation
were of lower quality—they were contaminated with each other. Through use of a shak-
ing table, the following products was obtained: 25.7 wt% metals product (72% valuable
elements, mainly 59.2% Cu, 6.3% Sn, 0.2160% Ag and 0.0072% Au; 8.35% impuri-
ties), 28.9 wt% middlings (9.5% Cu), and 45.4 wt% plastics product (5.8% of valuable
elements, mainly Cu) [4]. The products obtained using a cyclofluid separator were sim-
ilar to those obtained from the shaking table [4]. The use of flotation to recover metals
from PCBs was also an inefficient process. In the case of flotation, two products were
obtained (waste and concentrate) and both were unfortunately heavily polluted. The
yield of concentrate was relatively high and amounted to 43 wt%, but the content of
valuable metals in it was only 53% [6]. Hence, the concentrate density was the lowest
compared to other separation methods and was only 7.4 g/cm>. In summary, a highly
efficient, ecological, and economical method of PCB processing consists in grinding
PCBs cooled to a temperature of < —150 °C in a knife mill to a particle size of < 0.5
mm and electrostatic separation of metals from non-metallic powders.
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Fig. 2 Yield of separation products as a function of their density and quality parameters - based
on [4-6]

4 Discussion

In the case of physical methods, the purity of the product is one of the most important
aspects determining the recycling success [9]. In fact, metals such as Cu, and trace
amounts of Au, Ag and Pd constitute the main value of waste PCBs. Therefore, their
even small losses might be the reason to refrain from applying physical methods in
PCBs recycling, which mainly occurs in the case of insufficient grinding process or
its poor adaptation to the separation method [10]. As has been written above, the best
products were obtained from electrostatic separation. Nearly all valuable metals were in
concentrate, making it valuable. Thus, mixture of metals may be easily sold to the local
metal ores processing factories or other production facilities using pyrometallurgical or
hydrometallurgical processes.

The second equally important aspect is the circular economy principle, in line with all
obtained products should be reused [ 11]. In this case, physical methods have an advantage
over other metal recovery methods from PCBs, because obtained products are chemically
unchanged, and hence allowing for a wider range of applications [12]. Therefore, the
non-metallic powder can be easily reused for example in composite materials production
using epoxy resin [13]. Furthermore, these methods have a less negative impact on the
natural environment because no toxic waste or emissions to the atmosphere are produced,
and the products themselves are environmentally neutral. At this point, the middlings
product should also mention, which in case of large amounts could be problematic due
to substantial losses of valuable metals. Although, in case of electrostatic separation its
content was negligible and could be processed using biohydrometallurgy or returned to
the grinding process in order to release the metals from conglomerate grains.
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In subsequent works, it is planned to assess the use of non-metallic PCBs parts for
the production of composites especially as regards their impact for mechanic properties.

5 Conclusions

Compared to gravity separation and flotation, electrostatic separation was the most effec-
tive method of metal recovery from PCBs. The obtained products were characterized
by high-quality parameters. In the concentrate were identified over 93 wt% of metals,
while in a product containing fiberglass and plastics only 0.54 wt% (mainly Cu). Due to
the dry process conditions, electrostatic separation was also the most environmentally
friendly and less energy-consuming, because there was no need for additional water fil-
tering and drying products installations. Furthermore, no chemical reagents were used,
which could cause the toxicity of the products. The concentrate (a mixture of metal),
due to its high purity, can be sold to other processing factories, e.g., copper smelters and
refineries, and thus generate economic profits. On the other hand, products containing
plastics and fiberglass can be applied for composite production.

Thereby, the proposed in the article technology is near zero-waste and minimizes
the negative influences of recycling on the environment.
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Abstract. Noise is considered the second largest environmental cause of ill health
in western Europe. Despite the efforts made, the current situation in European
cities reflects that the zero pollution ambition from the European Green Deal
vision regarding noise exposure reduction is far away. The tendency shows that
noise exposure may continue increasing with a global increase of the analyzed
data of 7% in 2017 compared to 2012. The present work reflects on the policies
and challenges that the sound environment in Europe is facing, exemplify through
2012 and 2017 data from the European main cities situation regarding population
noise exposure and the following actions to improve the city sound environment.
An exposition of a series of aspects that may help to change the trend regarding
noise exposure and the irresponsible territory consumption practices.

Keywords: Urban sound environment - Zero pollution - European green deal -
Noise exposure - Noise map - Noise action plan - Europe - Health

1 Improving the Sound Environment. Policies and Challenges
Regarding the Cities’ Sound Environment in Europe

1.1 Noise Pollution in Europe

According to the World Health Organization (WHO), noise from transport is considered
the second largest environmental cause of health problems in western Europe, just after
the impact of air pollution regarding particulate matter [1, 2]. The report form 2020 on
noise pollution in Europe estimated that most of the European countries have more than
50% of inhabitants within urban areas exposed to road noise levels of 55 decibels (dB)
or higher during the day-evening-night period (Lden) [3].

With this framework, Europe has been for decades in front of a tremendous challenge
regarding sound environment and population protection, with no clear success. Policies
have been implemented guided by main programs such as the “7th Environmental Action
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Programme” (7th EAP) from 2013 [4], setting a series of environmental targets, including
noise reduction, to be achieved by 2020, and the recent “European Green Deal”, setting
new goals for 2030 and the zero pollution vision for 2050 [5]. The following sections
present the current leading documents regarding noise pollution reduction in Europe.

1.2 The Environmental Noise Directive

At the heart of the noise policy in Europe, the Parliament launched in 2002 the Environ-
mental Noise Directive (END) as a common instrument “intended to avoid, prevent or
reduce on a prioritized basis the harmful effects, including annoyance, due to exposure
to environmental noise” [6]. The intention is that countries have to take action to reduce
noise exposure, while providing standard mechanisms to report data.

Agglomerations with more than 100,000 inhabitants are obliged to submit data about
area and population exposed to high noise levels every five years (noise mapping rounds
2012, 2017 and the forthcoming 2021), estimate health effects and communicate results
to the citizens. The END obliges to present this data analyzed through noise maps on
the estimated total number of people living in dwellings that are exposed to each of
the following bands of values of Lden (day-evening-night average noise exposure) in
decibels (dB), 4 m above the ground on the most exposed facade: 55-59, 60-64, 65-69,
> 70 dB, separately for road, rail and air traffic and for industrial sources. It is also
mandatory to report data exclusively for the night period.

Despite setting these ranges, the main drawback of the END is that it does not set
binding environmental values. In this sense, the guiding levels are set by the WHO,
who strongly recommends “reducing noise levels produced by road traffic below 53 dB
(Lden), as road traffic noise above this level is associated with adverse health effects” [7].
Moreover, the END sets as well the need to protect quiet areas and improve environmental
quality through the so called Noise Action Plans (NAP) that follows the noise mapping
procedure.

The END has recently adopted a common noise assessment method with the intention
to harmonize the obtained data about noise exposure within the European countries. The
authorities are obliged to use this new calculation method, named the “Common Noise
Assessment Method in Europe” known as the CNOSSOS-EU [8, 9] in the noise mapping
round data from 2021.

1.3 The European Green Deal: Implications Regarding the Sound Environment

The European Green Deal (EGD) is the main driving document towards zero pollution
vision for 2050 in Europe: “Air, water and soil pollution is reduced to levels no longer
considered harmful to health and natural ecosystems and that respect the boundaries
our planet can cope with, thus creating a toxic-free environment.” In order to speed up
pollution reduction, the European Green Deal vision of a “Healthy Planet for All”, sets
six main actions for 2030, where noise pollution is explicitly included in one of them:
by 2030 the EU should reduce by 30% the share of people chronically disturbed by
transport noise [5].
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1.4 The 7th Environmental Action Programme

Before the EGD irrupted in the European environmental agenda, the 7th Environmental
Action Programme [4] had the goal of decreasing noise pollution and moving towards
people exposure by 2020. The document from 2013, stated that available data regarding
long-term average noise exposure (Lden) set that 65% of Europeans living in major
urban areas are exposed to high noise levels (Lden > 55 dB), and more than 20% to
night time noise levels (Lnight > 50 dBA); above these noise levels, adverse health
effects occur frequently.

2 Analysis. Evolution of Noise Exposure in Main European Cities

2.1 Noise Mapping Information from European Main Cities (2012 and 2017)

The present analysis has been performed according to official data from the European
Environment Agency (EEA) from noise mapping rounds corresponding to the years
2012 and 2017 [10, 11]. Despite the obligation to submit information regarding popu-
lation noise exposure from agglomerations with more than 100,000 inhabitants, there
is a substantial amount of missing information; from the 395 European agglomerations
obliged to present data in 2017, 137 have not reported noise exposure data. Regarding
European main cities, from the EEA37 plus the United Kingdom (UK), Athens, Skopje
lack information both from 2012 and 2017; Brussels misses data from 2017, and no data
from Ankara is collected. On the other side, Liechtenstein is not obliged to submit data
(< 100,000 inhabitants). For the present analysis, information from the 28 European
main cities that deliver information both in 2012 and 2017 is studied (see Table 1).

Grouping the 28 cities, there is an increase in the percentage of people exposed to
harmful noise levels from 2012 to 2017 (see Table 2).

Despite delivering data, there is a series of cities where authors recommend data to
be revised by authorities: Riga, Lisbon, Paris, Zagreb and Budapest. In this sense, Riga
and Lisbon have the same number of people exposed to the different ranges of noise
exposure (Lden) in 2012 and 2017. Paris, Zagreb, Lisbon, Prague and Budapest have
the same population size in 2012 and 2017. The cities were included in the analysis, but
it is important to consider that data should be revised.

The analyzed cities have been grouped according to their sound environment situation
regarding population exposure to day-evening-night (Lden > 55 dB) period.

A large number of main cities (17) with data included both in 2012 and 2017 have
increased the number of people exposed (Lden > 55 dB): Paris and Vienna with an
exponential growth (more than double of population exposed in 2017 compared to 2012);
followed by Stockholm (80% more people exposed), Luxembourg, Valletta and Vilnius
with increases in noise exposure between 45 and 25%. The following cities experience
as well an increase in population noise exposure: Copenhagen, Berlin, London and Bern
with increases between 15 and 10%; Bucharest, Budapest, Amsterdam, Bratislava, Oslo,
Warsaw with increases between 9 and 2%, and Ljubjana, with less than 1% (see Fig. 1).

In general, nine main European cities have experience a decrease in 2017 in popu-
lation noise exposure (Lden > 55 dB) respect to the year 2012 and presented in Fig. 2:
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Table 1 List of European main cities studied

Country Agglomeration name | Country Agglomeration name
Austria Vienna Lithuania Vilnius

Bulgaria Sofia Luxembourg Luxembourg

Croatia Zagreb Malta Valletta

Czech Republic | Prague Netherlands Amsterdam
Denmark Helsinki Norway Oslo and adjacent agglomerations
Estonia Tallinn Poland Warsaw

Finland Helsinki Portugal Lisbon

France Paris Romania Bucharest

Germany Berlin Slovakia Bratislava

Hungary Budapest Slovenia Ljubljana

Iceland Reykjavik Spain Madrid

Ireland Dublin Sweden Stockholm

Italy Rome Switzerland Bern

Latvia Riga United Kingdom | London

Table 2 Percentage of people exposed to high noise levels in the European main cities in 2012
and 2017 (data from 28 cities from the EEA33 + UK)

Noise exposure indicator? 2012 (%) 2017 (%)
Lden (day.evening.night) > 55 dB 42.3 49.2
Lnight > 50 dBA 30.3 34.8

4 Lden states for long-term day-evening night noise exposure indicator. Lnight states for long-term
noise exposure indicator during the night period

Helsinki (42% reduction), Bratislava (38%), Reyjkavik (23%), Sofia (17%), London
(16%), Dublin (12%) Zagreb (12%), Copenhagen (7%) and Rome (4%).

Remarkable is that even though Helsinki, Tallinn and Dublin have increased their
population size from 2012 to 2017 (11, 9 and 2% respectively), they have managed to
reduce population noise exposure (see Fig. 2), with Helsinki reducing 42% of it in 2017
respect to the year 2012. However, the city of Helsinki states that this reduction is a
result of a change in accounting the population exposure to the latest European methods,
taking into account that some of the residents’ homes are located on the quieter facade
of the building, contrary to 2012 mapping, where all residents where located in the
noisiest facade [12]. The case of Tallinn differs, where a strong focus on local plans
and initiatives included in the Noise Action Plan, considering urban development and
mobility as a priority has had an impact on Tallinn’s noise levels reduction. The plans
have targeted buildings, traffic development and traffic management plans together with
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Increase (%) from 2012 to 2017 regarding population
exposed to noise (Lden>55dBA).
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Fig. 1 Increase in the percentage of the exposed population in 2017 compared to 2012 in the main
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the long-term environmental strategy named “Tallinn 2030” [13]. Other cities that have
decease noise exposure (Lden), however, have lost population are: Reyjkavik has lost
33%, followed by far by Madrid and Sofia (3% each of them) and Rome with 1% less
population in 2017 respect to data presented from 2012.
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Regarding Noise Action Plans that follow the noise maps situation, only 36% of
the total number of agglomerations in Europe (EEA32 excluding Turkey and including
UK) have reported on action plans for the noise maps from 2017 [14, 15]. This lack
of information reflects the generalized lack of commitment, tools and capacity from
authorities to pursue a better sound environment and a considerable effort is needed to
pursue the administrations to embrace the vision of “Health for All” in their agendas.

3 Discussion and Conclusions

Despite the efforts made by the EU to improve the sound environment of European
agglomerations and by end, to reduce the noise exposure of citizens, there are no signif-
icant changes regarding population exposed reduction. Contrary, the tendency reflects
that the noise exposure may continue increasing in the following years, failing to achieve
the so called “zero pollution ambition”.

It is important to state that data evaluation is essential, and the sound environment
status cannot be addressed if cities do not provide the noise maps and the noise action
plans that are required by the EU. Some progress has been made, but yet, a large part of
the European cities (35%) do not provide noise maps information in the last noise maps
round in the year 2017.

Data from the year 2021 is still not available for the main European cities. A good
start for them is that the EU has agreed to establish a common noise assessment method
for all noise maps, named CNOSSOS-EU [8]. The noise maps produced with 2021 data
will be the first time with a common method among all European agglomerations. This
could lead to better comparisons from now on, since previous noise mapping rounds
had different calculation methods for assessing noise exposure, being a drawback for
common assessment and criteria.

Since no binding noise environmental values are set, the EC can only launched
infringement procedures against the Member States that do not comply with the Envi-
ronmental Noise Directive rules of producing noise maps and the consequent noise action
plan. As a consequence, in 2020 the EC has already brought to the European Court of
Justice the case of Portugal and Slovakia, and 10 other members are under infringement
procedures [13]. The costs regarding health burden of this non-compliance has been
estimated between EUR 24.6 and 36.8 billion per year [16]. In this sense, the latest driv-
ing document to guarantee and promote health for all Europeans, the European Green
Deal, is probably going to be able to set limit values regarding noise exposure. The
document states that it will review progress regarding noise exposure in 2022, and take
into consideration whether there is a need to set noise reduction targets at EU level in
the END. This will push forward the objectives regarding zero pollution, having, finally,
binding environmental noise values working together with better integrated policies,
setting probably rapid urbanization changes and urban mobility plans at the core of it.
This rapid urbanization changes must aligned with the EU agenda, where planning has
been identified as one of the most efficient instruments regarding the improvement of the
sound environment [13]. As the European Green Deal states [5], it is time to “reverse the
pyramid” of hierarchy and being more efficient, taking action in prevention, minimizing
at most pollution, and if pollution is already present, it should be remediated. However,
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for this pyramid shift to occur regarding noise exposure, a transition period should take
place, whereas a horizontal hierarchy preventing, minimizing and repairing in parallel
must be carried out, as consolidated cities are suffering the failures and sometimes, the
inaction regarding urban health.

An opportunity to consume the territory in a responsible way is ahead of us, and urban
health for all must lead all policies regarding the environment. Knowledge about health
effects from noise exposure has been there for decades and better practices to improve
the sound environment are constantly developed; it is only the effort from governance
and industry, the citizen community commitment and the integration of policies who
will make possible to achieve the desired zero pollution ambition.
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Abstract. The reverse water gas shift ('WGS) reaction represents a key technol-
ogy to realize an end-to-end power-to-liquid process chain. In this work, exper-
imental tests of a nickel catalyst are reported. The influence of operating tem-
perature (650-950 °C), pressure (ambient pressure up to 6 bar,) and gas hourly
space velocity (6000-40 000 h—1) on the conversion of CO; and hydrogen is
investigated. The results of this experimental evaluation show that the rWGS reac-
tion favors high temperatures and low pressures. Thermodynamic equilibrium is
approached with the used catalyst. Higher gas hourly space velocities favor the
rWGS reaction and inhibit methane formation.

Keywords: Carbon capture and utilization - Catalyst performance -
Power-to-liquid - Reverse water gas shift

1 Introduction

The cement industry emitted 9 % of Austria’s ETS (EU Emission Trading System) cer-
tified emissions, which corresponds to 3.3 % of Austria’s carbon dioxide emissions in
2019 [1]. Austria’s target is to reduce 40 % of greenhouse gas emissions by 2030 and
achieve climate neutrality by 2040 [2]. In cement production process-related CO; emis-
sions are unavoidable, which are generated by the decarbonization process of limestone
and account for two-thirds of the total greenhouse gas emissions. [3]. One option for the
reduction of CO, emissions is the implementation of a carbon capture and utilization
(CCU) plant. A possible Power-to-Liquid route is a Fischer—Tropsch synthesis. The pro-
duced synthetic oil can be further converted in steam- and hydrocrackers to propylene or
ethylene, which is the feedstock for polypropylene and polyethylene production [4]. The
Fischer Tropsch synthesis requires syngas (a mixture of carbon monoxide and hydro-
gen) as feedstock, the direct hydrogenation of CO; is currently not yet commercially
available [5].

Therefore, a pre-conversion of CO, to CO is required which can be achieved with
the reverse water gas shift reaction. Basically, the rWGS reaction (Eq. 1) is endothermic
and catalytically converts carbon dioxide with hydrogen to carbon monoxide and water
(steam) [6, 7].

CO, +Hy <> CO+H,0  AHZK = 441kJ/mol (1)
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The CO; conversion (Xco,) is defined as the ratio between the difference of inlet
(co,,in in kmol/h) and outlet (72co,,out in kmol/h) mole flow, and the CO; inlet mole
flow as given in Eq. 2. Furthermore, Eq. 3 defines the CO selectivity (Sco) as the ratio
of the obtained CO mole flow (7ico in kmol/h) in the product and the converted CO; [8].

ACO,,in — NCO,,0ut
Xco, = ; )
nCO,,in

NCO,out — 1CO,in

SCO -
NCO,,in — NCO,,out

3)

Considering the thermodynamics of the reaction, a complete conversion of CO;
is not feasible. Side reactions that occur, such as methanation, Bosch reaction or the
Boudouard equilibrium, must also be taken into account in the catalytic conversion pro-
cess. The last two lead to coke formation and deactivation of the catalyst. To counteract
this and improve the CO; conversion, the equilibrium can be shifted by running the
rWGS reaction with an over-stoichiometric ratio of H>:CO; of 3:1 [9]. Thus, a syngas
composition with a desired H»:CO ratio of 2:1 is obtained. Figure 1 shows the thermo-
dynamic equilibrium in a temperature range of 300—1100 °C and pressures of 1, 5 and
30 barg [10].
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Fig. 1 Thermodynamic equilibrium considering an inlet ratio of H>:CO» of 3:1 in a temperature
range of 300-1100 °C and pressures of 1, 5, and 30 barg
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In this work, an experimental investigation of the rWGS reaction is carried out. The
experiments provide insights into temperature, pressure, and gas-hour-space-velocity
(GHSV) dependence of the reaction. A comparison of the experimentally obtained
product compositions with the thermodynamic equilibrium is performed.

2 Methods

2.1 Experimental setup

The experimental setup is constructed as shown in the P&ID diagram (Fig. 2), starting
with a gas mixing station (X1, mass controller of hydrogen/0—12 Nl/min, carbon diox-
ide/0—10 NI/min, and nitrogen/0-20 Nl/min), a quartz-glass reactor in a tube furnace,
a cooling and water condenser unit, followed by the gas analysis and flare. The quartz
glass is designed for an operating pressure of 10 bar, and temperatures up to 1100 °C.
The plant settings and the registration of the measured values are handled by the “Look-
out” software. The pressure is controlled by adjusting the automatic valve (V038) at the
reactor outlet.

The glass reactor has a length of 1700 mm and an inner diameter of 15 mm. The
connections from the glass tube to the piping are made via crimp connectors, which allow
a maximal operating inlet pressure of 6 bar,. The gas mixture is fed directly to the crimp
connectors without heating. To achieve high temperatures, the catalyst is located at the
end of the reactor, while the furnace is also used as gas preheating unit. The nickel-based
catalyst used has a cylindrical shape (3.2 mm x 3.2 mm). The catalyst bed has a length
of 75 mm and a total bulk volume of 12.37 cm?. The remaining volume of the glass tube
is filled with inert balls, ensuring sufficient heat exchange in the preheating zone. Six
thermocouples are implemented in the reactor to obtain the axial temperature profile.
The position of the thermocouples is depicted in Fig. 3.

2.2 Catalyst tests

Activation of the catalyst started with heating the fixed bed to temperatures of 500 °C
(thermocouple T3) in the furnace. Nitrogen at 10 N1/min was used to purge the system.
When the temperature was reached, the ratio of nitrogen to hydrogen was gradually
changed and after 30 min, pure hydrogen was fed into the system for catalyst activation.
After one hour, the temperature was increased to 950 °C and the catalyst was ready for
catalyst testing.

In the initial experimental tests, the operation pressure was gradually increased from
atmospheric pressure to 6 bar, with a starting temperature of 950 °C (measured at
thermocouple T3) and a constant GHSV of 20 000 h~!. Temperature variation continued
for 850, 750 and 650 °C according to the experimental design (Table 1). In the second
series of catalyst tests, the effect of temperature and GHSV on the rtWGS reaction
was investigated. The experiments started with temperatures of 650 °C measured at the
beginning of the catalyst bed (thermocouple T3), and the GHSV was varied between
6000 and 40 000 h~!. The design for the second experimental test series is detailed in
Table 2.
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Fig. 3 Experimental setup and position of the thermocouples in the glass reactor

2.3 Evaluation of the experimental data and calculation of the thermodynamic
equilibrium

The inlet flow of the feed gas is measured by mass flow meters, and the molar flow is
subsequently calculated. The gas analyzer is implemented behind the water condenser
(Fig. 2). It measures CO;, CO, CHy4 and the ratio of H»:N». The figures are registered in
the “Lookout” software. The equilibrium conversions are calculated in ASPEN HYSYS
V12, which implements a Gibbs reactor that minimizes the Gibbs-free energy. The values
of the gas analysis are recalculated for the dry gas flow, and are directly compared with
the equilibrium calculation from ASPEN.

3 Results

According to Fig. 1, the rWGS reaction generally favors high temperatures (900 °C)
and low pressures for achieving the thermodynamic equilibrium. At pressures of 10 and
30 barg, even elevated temperatures of 950 °C and higher are necessary.

In the first experimental test series the influence of pressure on the rWGS reaction is
investigated. Figure 4 compares the thermodynamic equilibrium with the experimental
results for pressures of 1.4, 3 and 6 bar,. The full lines describe the development of the
molar fractions in thermodynamic equilibrium for the components CO, CO,, CH4 and
H; calculated from ASPEN HYSYS. Here, steam is not included in the evaluation due
to the separation upstream of the gas-analyzer. The comparison of the pressure influence
is also shown in Fig. 4.

In the second experimental tests, the influence of the gas-hourly-space-velocity
(GHSV) and temperature at ambient pressure is investigated. The deviation of exper-
imental results from the thermodynamic calculation is shown in Fig. 5 for the GHSV
values of 6000, 10 000, 20 000 and 40 000 h—!. Again, the full lines describe the devel-
opment of the molar fractions of CO, CO;, CH4 and H; in thermodynamic equilibrium.
The absolute deviation of each GHSV value is shown in the last plot of Fig. 5.
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Table 1 Design of experiments with variation of temperature and pressure at constant GHSV

Exp. number Temperature Pressure GHSV CO, H,

# (°C) (bary) b (N1/min) (N1/min)
1.1 950 1 20 000 1.1781 3.5343
1.2 950 2 20 000 1.1781 3.5343
1.3 950 3 20 000 1.1781 3.5343
1.4 950 4 20 000 1.1781 3.5343
1.5 950 5 20 000 1.1781 3.5343
1.6 950 6 20 000 1.1781 3.5343
1.7 850 1 20 000 1.1781 3.5343
1.8 850 2 20 000 1.1781 3.5343
1.9 850 3 20 000 1.1781 3.5343
1.10 850 4 20 000 1.1781 3.5343
1.11 850 5 20 000 1.1781 3.5343
1.12 850 6 20 000 1.1781 3.5343
1.13 750 1 20 000 1.1781 3.5343
1.14 750 2 20 000 1.1781 3.5343
1.15 750 3 20 000 1.1781 3.5343
1.16 750 4 20 000 1.1781 3.5343
1.17 750 5 20 000 1.1781 3.5343
1.18 750 6 20 000 1.1781 3.5343
1.19 650 1 20 000 1.1781 3.5343
1.20 650 2 20 000 1.1781 3.5343
1.21 650 3 20 000 1.1781 3.5343
1.22 650 4 20 000 1.1781 3.5343
1.23 650 5 20 000 1.1781 3.5343
1.24 650 6 20 000 1.1781 3.5343

The measured temperatures of thermocouples are shown in Fig. 6. The reactor tem-
perature profile is shown for a catalyst bed inlet temperature of 650 °C and 950 °C as
well as for gas hourly space velocities of 6000, 10 000, 20 000 and 40 000 h~!.

4 Discussion

The operating conditions, temperature, pressure and GHSYV, influence conversion and
yield of the rWGS reaction on a nickel catalyst significantly. The unwanted methanation
reaction is suppressed by high temperatures and low pressure levels, as it can be seen in
Fig. 4. The experimentally obtained product compositions approximate fairly good to
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Table 2 Design of experiments with variation of temperature and GHSV at constant pressure

Exp. number Temperature Pressure GHSV COyp Hp

# (°C) (bary) b (N1/min) (N1/min)
2.1 650 1 6000 0.3534 1.0603
22 650 1 8000 0.4712 1.4137
2.3 650 1 10 000 0.5890 1.7671
24 650 1 20 000 1.1781 3.5343
2.5 650 1 40 000 2.3562 7.0686
2.6 750 1 6000 0.3534 1.0603
2.7 750 1 8000 04712 1.4137
2.8 750 1 10 000 0.5890 1.7671
29 750 1 20 000 1.1781 3.5343
2.10 750 1 40 000 2.3562 7.0686
2.11 850 1 6000 0.3534 1.0603
2.12 850 1 8000 04712 1.4137
2.13 850 1 10 000 0.5890 1.7671
2.14 850 1 20 000 1.1781 3.5343
2.15 850 1 40 000 2.3562 7.0686
2.16 950 1 6000 0.3534 1.0603
2.17 950 1 8000 04712 1.4137
2.18 950 1 10 000 0.5890 1.7671
2.19 950 1 20 000 1.1781 3.5343
2.20 950 1 40 000 2.3562 7.0686

the thermodynamic equilibrium for each pressure level. Only at temperatures higher than
650 °C alarger deviation ca be observed for carbon monoxide, particularly in comparison
to CO,, CHy, and H,. Methane formation is below thermodynamic equilibrium at 650 °C.
This may be caused by the exothermic nature of the methanation reaction which heats
up the catalyst bed locally, and thus suppress methane formation. Nevertheless, the
experimental investigation confirms that temperature and pressure have a corresponding
influence on the conversion of CO; to the desired synthesis gas. Low pressure and
high temperature favor the rWGS reaction, while high pressure and lower temperatures
promote methane formation.

The influence of the GHSV value is not so decisive as temperature and pressure.
The comparison of the experimental results of the five different GHSV values (Fig. 6,
6000, 10 000, 20 000, 40 000 h_l) reveals that the methane content in the product gas
decreases with increasing gas velocity. The temperature drops at a specific gas velocity of
40 000 h~! to 900 °C (measured at thermocouple T4) what changes the thermodynamic
equilibrium significantly in the direction of methanation. However, even at 900 °C,
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Fig. 4 Experimental results and thermodynamic equilibrium for constant GHSV values and
variation of pressure levels (1.4, 3, 6 bary)

methane formation is very low. On the other hand, the higher gas velocity makes the
flow in the reactor more turbulent, allowing better heat and mass transfer between the
catalyst surface and the gas particles.

A similar trend can be observed at 650 °C, however due to the increased heat release
by the exothermic methanation, the temperature deviations are less pronounced. As
shown in Fig. 6, the higher gas velocity leads to higher heat generation in the catalyst and
this also results in the shift of the thermodynamic equilibrium towards the endothermic
rWGS reaction, which can also be seen by a small temperature drop at thermocouple
T4. With higher pressure and increased methane formation, the temperature continues
to increase. In order to maintain constant temperatures of 650 °C, the reactor would have
to be cooled instead of heated in this case. Additionally, the higher GHSV value allows
a higher exit temperature from the catalyst and thus a lower selectivity to CHy4. The CO
content increases accordingly.

The second series of tests was carried out completely independently of the first series
of tests. This allows validation of the product composition at temperatures 650, 750, 850
and 950 °C and ambient pressure for a GHSV value of 20 000 h—!.
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variation (6000, 8000, 10 000, 20 000, 40 000 h—!)

5 Conclusions

The reverse water gas shift reaction enables the conversion of CO, and hydrogen into
synthesis gas, which is used as a feedstock for a wide variety of syntheses. The exper-
imental results in this work show that the rWGS reaction can be performs on nickel
catalysts. The conversion of CO; and hydrogen into synthesis gas is favored at higher
temperatures and lower pressures, since methane formation is inhibited. Therefore, the
rWGS reaction should be operated at temperatures higher than 900 °C and pressures
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Fig. 6 Reactor temperature profile for 650 and 950 °C (measured at thermocouple T3) and GHSV
values of 6000, 10 000, 20 000, 40 000 h—!

lower than 6 bar, to suppress undesired methane formation. However, the selection of
the operating pressure level is also influenced by the pressure requirements of further
downstream catalytic conversions.

The gas hourly space velocity in the fixed-bed reactor has only a minor effect on
the CO; conversion. In this experimental study, higher gas velocities favor the rWGS
reaction and inhibit methane formation. A general recommendation for an optimum gas
hourly space velocity cannot be given, since the simplified experimental set-up does not
allow for a transformation to industrial reactor systems.

Further studies should deal in particular with a more detailed analysis of the prod-
uct gas stream for other by-products, as only CHy and no longer chain hydrocarbons
were measured in these initial series of experiments. Furthermore, the influence of the
over-stoichiometric hydrogen feed on coke formation, conversion, selectivity and the
turbulence in the catalyst bulk should be investigated.
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Abstract. Increasing production and consumption have a growing environmen-
tal impact. The challenge for all countries is to decouple economic growth from
the environmental impacts of consumption, resource use and waste generation.
The economic sectors with the highest environmental impacts are electricity, gas
and water supply, transport services and agriculture. It is there-fore becoming
important to improve energy efficiency and invest in innovative and resource-
efficient technologies, recognising the need to change consumption patterns and
behaviours. The Sustainable Development Strategy focuses on sustainable pro-
duction and consumption. Although historically the focus has been on production
and the associated environmental problems and solutions such as pollution control,
cleaner production and recycling. Production and consumption as interdependent
indicators have only recently come into focus as researchers have realised that pro-
duction and consumption are highly interrelated. Sustainable Development Goals
have stressed the importance of promoting consumption and production that have
the least possible impact on the environment and are able to meet the basic needs
of humanity.

Keywords: Sustainable consumption - Sustainable production - Sustainable
energy - Consumer behaviour

1 Introduction

Consumption changes are continuously monitored by collecting and analysing data on
consumer behaviour in individual countries or regions. During the quarantine of the
COVID-19 pandemic, consumers started to realise how much influence they have on
their decisions. For example, according to the European Environment Agency (EEA)
(2020), one of the unintended consequences of such sudden socio-economic shocks has
been a reduction in the concentration of air pollutants, mainly due to the restriction
of traffic and other activities, especially in parts of China and Europe (e.g. during the
period of isolation in the north of Italy) [1, 2]. The emergence of the COVID-19 pandemic
has highlighted the relationship between people and nature, and has raised awareness
that our health, our ecosystems, our supply chains, our patterns of consumption and
production, and the planet’s capacities are inextricably linked, and it has highlighted the
basic principles of the trade-offs we are constantly faced with: that human beings have
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infinite needs, but that the planet’s capacities to meet those needs are limited. Therefore,
it is necessary to protect and restore nature immediately. Before we can have a negative
impact, we need to try to understand and assess the limits to human destruction of nature.
These limits must be reflected in our consumption and production behaviour. There is
a realisation that current patterns of consumption and production are unsustainable,
and that new sustainable patterns of consumption and production are needed that stay
within the planet’s boundaries and move towards more sustainable practices. Of course,
reducing consumption would improve the environment, but we are dealing with human
habits, cultures and emerging customs. As consumption behaviour raises complex issues,
it is necessary to study this topic in a coherent way. Insights from behavioural economics
can help understand the direction of change.

The aim of the research is to identify the scientific assumptions that determine the need
of change of consumer behaviour in the context of sustainable energy.

Research methods—scientific literature analysis and synthesis related to consumer
behaviour, sustainable consumption, sustainable energy, innovative energy technolo-
gies, abstraction. The scientific literature analysis is the basis on which new knowledge
related to the research being conducted is based [3]. The abstraction aims to focus on the
main, essential features of the phenomenon under consideration, revealing their essence
and creating generalized concepts, theories, classifications, categories, principles, etc.
[4]. Information search for analysis was performed using Scopus, ScienceDirect, Google
Scholar. Basic search parameters were defined as such: search by name, period from 1985
until 2022, using keywords: consumer behaviour, sustainable development, sustainable
consumption, sustainable production, sustainable energy, innovative energy technolo-
gies, sustainable energy technologies. A chosen approach to investigate the issue at
hand is widely used in many theoretical studies [5, 6].

2 The Origin of Sustainable Consumption and Production

In the context of sustainable development, most authors provide essentially the same
definitions of sustainable development, emphasising the long-term development of a
country in order to rationally reconcile the economic, social and environmental interests
of a society in order to ensure the global well-being of present and future generations,
while staying within the limits of acceptable environmental impacts [7—12]. For exam-
ple, the use of inventions of new machines, equipment, and other mechanical instruments
during the industrial revolution enabled humans to enhance economic growth and liv-
ing standard; however, simultaneously threatened the environment and ecosystem [13].
Likewise, the use of energy in industry and services was driven by the quest for more
effective forms of fuel to respond to the needs of a rapidly growing industrialization
to fulfill the demands of large-scale accessible, reliable, and adaptable forms of energy
[13].

In a document related to sustainable development, the European Union’s Green Deal
(2020) establishes a new strategy for sustainable and inclusive growth, which empha-
sizes the need to rethink the supply of clean energy for the entire economy and commits
Member States to achieving full carbon neutrality by 2050 and to a full transition to
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renewable energy sources. As part of the European Green Deal, the European Commis-
sion has developed European industrial strategy (2020) to better identify and overcome
existing barriers to sustainable consumption and production, raise public awareness
and change consumption behaviour. The transformation of consumption and production
behaviour has become a key factor in the transition to a sustainable economy in order to
achieve the green transformation.

Sustainable consumption is intrinsically linked to the principles of sustainable devel-
opment [14], as it is the changes in consumption that have led to the emergence of sus-
tainable development principles in the first place [15, 16], which is why more and more
attention has been paid to sustainable consumption in particular in recent years [17-22].
Sustainable consumption broadly refers to efforts to promote more efficient consump-
tion and the progressive conservation of energy and natural resources used. Sustainable
consumption can be said to be an essential prerequisite for sustainable development and
an integral part of green, sustainable economic growth. Scientific studies and analysis
of EU and national documents show that incentives for sustainable consumption need
to be focused on the areas where the impact of consumption is felt most strongly, i.e.
private transport, the housing sector (including heating, hot water, electrical appliances,
construction), and to pursue deeper systemic changes [17, 22-26]. In these areas, the
environmental impact of consumption depends on consumer behaviour and the factors
that influence it.

3 Relationship Between Sustainable Consumption and Sustainable
Energy

The greatest sustainability challenge facing humanity today is the greenhouse gas emis-
sions and the global climate change with fossil fuels led by coal, natural gas and oil [27].
Energy is currently recognized as one of the most important factors that influence the rate
of progress as well as sustainable development of all nations [28], because the production
and consumption of energy are posing serious environmental problems: concentrations
of greenhouse gases and air pollutants are increasing in the atmosphere, leading to cli-
mate change. Therefore, sustainable energy is one of the EU’s priority policy areas in
implementing sustainable development goals. Sustainability is an important paradigm
in the global energy transition where all dimensions of sustainability are addressed any
policy formulation and implementation, planning, operation, and dispatch of the energy
resources in both generation and consumption [29]. For a longtime, energy did not seri-
ously factor in sustainable development [27]. However, sustainable development and
sustainability issues now play a central role in energy and electricity by anchoring the
evolution of the sustainable development paradigm [27].

The transition to sustainable energy is inseparable from consumers, which is why
consumers have recently been encouraged to reduce their energy consumption and con-
tribute to a sustainable environment. By using sustainable energy, we are promoting the
very idea of sustainability to consume responsibly, to avoid wasting precious resources
and to choose environmentally friendly ways of getting energy. The best examples of sus-
tainable energy are solar and wind power, hydropower and geothermal energy. Modern



80 A. PaZéraité and S. Kunskaja

technologies that ensure energy efficiency have an important role to play in the transi-
tion to sustainable energy. These technologies help to reduce energy waste in Europe.
For example, smart meter technologies digitally optimise processes such as lighting and
temperature control, reducing energy bills in factories, homes, hospitals, offices and else-
where. For example, the “Empower Demand” report on ‘The potential of smart meter
enabled programs to increase energy and system benefits: a mass pilot comparison’,
written and published by VaasaETT, shows that, depending on the user’s involvement,
after installing smart meter technologies, savings on average are between 5 and 8.7%
electricity.

Sustainable energy is in line with the concept of sustainable consumption and produc-
tion—it’s more and better to use less. It also means decoupling economic growth from
environmental degradation, increasing resource efficiency and promoting sustainable
lifestyles.

4 Research of Topic

Consumer behaviour, which refers to the human activities directed towards the acqui-
sition, consumption and use of products and services through pre- and post-purchase
decisions, has been a topic of research interest for several decades [30-32]. Consumer
behaviour science is at the heart of a wide range of research questions related to the
acquisition or non-acquisition of goods and services, from the simple who, what, how,
where, when, why to complex research questions [31-33]. Consumer behaviour science
has as its content the study of the consumer decision-making process and the external and
internal environmental factors that influence it [32—-34]. Historically, successive theories
of consumer behaviour have attempted to explain how and why individuals behave when
making certain decisions. This has led to the development of several theories of consumer
behaviour that emphasise different motivational aspects [32, 33]. Theories of consumer
behaviour were actively constructed in the 1970s—10s [30, 33]. During this period, the-
ories of economic man (Bernoulli, N., Von Neumann, J., Morgenstern, O.) based on
the rational, self-concerned consumer, who makes decisions in a utility-maximising and
effort-less manner; psychodynamic theories (Freud, S.), according to which consumers’
behaviour is determined by unconsciously and instinctively acting biological forces;
bioheuristic theories (Pavlov, I, Watson, J., Skinner, B.) according to which a consumer
can learn a certain behaviour under the influence of external factors; cognitive theories
(Hebb, D. O., Neisser, U., Howard, J. A., Sheth, J. N., Blackwell, R. D., Miniard, P. W.,
Engel, J. F.,, Fishbein, M., Ajzen, 1.), according to which the consumer is an informa-
tion processor, active seeker, influenced by the environment and by social stimuli, and
a decision-maker and response-maker, with a focus on perception, learning, memory,
cognition, motivation, emotions, etc.; humanistic theories (Bagozzi, R, Warshaw, P. R.,
Perugini, M.) which consider the roles of consumers’ emotions, volition (lying between
consumers’ purchase intentions and their actual purchase behaviour), desire, altruism-
egoism motives, attempts and goals in decision making [33, 35]. This period saw the
emergence of the major models of consumer behaviour [33, 36]. A consumer behaviour
model is the form that consumer behaviour theory takes (an accurate representation of
the phenomenon related to the consumption of goods and services that it attempts to
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explain). There are a number of models that can be found in the scientific literature
that describe consumer behaviour, but the more widely used are the classical ones, i.e.
the Nicosia model; the Howard-Sheth model; the Engel-Blackwell-Miniard model [33,
35-39]. The basic concept of these models is to focus on conscious, sufficiently rational
and detailed consumer decision-making, emphasising the infinite perceptual and learn-
ing capacities of consumers, the evolution of their attitudes and their possible actions
towards a wide range of alternative choices.

While consumption has long been seen as a key driver of economic growth, today’s
consumption has negative environmental impacts [22, 40-43], for example, such as
energy production from traditional sources, increased energy consumption and transport
[44], a growing group of scholars and practitioners, with an increasingly diverse set of
perspectives on the recent issues, are advocating for sustainable consumption [17-22],
because “man-driven factors can overcome these issues” [44].

P. C. Stern (1997) observes, as quoted by J. N. Sheth, N. K. Sethia and S. Srinivas
(2011), environmental damage caused by consumption threatens human health, welfare,
and other things we value. Humanity’s resource use and pollution already far exceed
Earth’s carrying capacity [43]. In 2007, the total global ecological footprint of humanity,
with a population of 6.7 billion, was estimated at 18 billion global hectares (gha), or
2.7 gha per capita. However, the Earth’s biocapacity—the total amount of renewable
resources provided by the planet—was only 11.9 billion gha that year, or 1.78 gha
per person. This nearly 50% overshoot meant that in 2007, human consumption was
equivalent to 1.5 times the Earth’s resources, and natural resources were being depleted
faster than they could regenerate [43, 45]. High consumption footprint shows humanity’s
debt to nature. To date, developed countries have of course been responsible for most
of the environmental impacts from consumption and production [22]. For example, US
households represent 4% of the global population, however, they account for 20% of
global emissions of greenhouse gases, with per capita emissions four times the Chinese
level [22]. However, these problems are not only found in industrialised countries, where
mass consumption is one of the main causes of global and local environmental problems,
but also in rapidly developing countries, where wealth is created in resource-intensive
ways [43]. A similar trend can be observed in Europe, where the old EU Member States
still have the highest consumption costs, but the new Member States are catching up
fast. For example, the results of a study conducted by researchers [46], disclosure that
income is the main driver of global emissions between 1980 and 2015, while energy
intensity is the most important factor holding back global emissions [46]. The research
shows that energy intensity was the primary mitigating factor of global CO, emissions,
followed by energy consumption structure; in contrast, income was the primary driving
force of increasing global CO, emissions, followed by population over the four periods
(i.e. between 1980 and 1990 global CO, emissions increase by 13.6%; between 1990
and 2000 global CO; emissions increase by 23.9%; between 2000 and 2010 global CO»
increase by 34.5%; between 2010 and 2015 global CO, emissions increase by 7.3%).

Future sustainability squarely on the shoulders of decoupling economic growth
from environmental impacts through technological innovations that support efficiency
improvements (particularly in energy systems) [22]. Authors O’Rourke and Lollo [22]
underline, that there are some encouraging signs of decoupling in developed countries.
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For example, there have been noticed energy use reductions in homes and increases in
ride-sharing services in US. However, as scientists Streimikiené et al. [47] note, that the
residential sector was responsible for almost 30% of final energy consumption in the
EU in 2020 and has a huge GHG emission reduction potential which is not yet real-
ized. Energy use efficiency improvements and the use of renewable energy sources in
households are one of the main climate change mitigation measures linked to sustainable
energy consumption [48].

Currently, the emissions from the energy sector contribute for over 80% of the total
emissions [49], thus, there is a need to divert to other energy production resources that are
environmentally friendly, like renewable energy technologies [44]. Sustainable energy
topics are widely analysed in scientific papers [47, 50, 51]. Scientists argue that we
need to modernise our economies to introduce sustainable consumption and production
patterns, produce, consume energy and design buildings sustainably for our well-being
[8, 23, 52-54].

McDonald et al. [55] points out that it is consumers who determine the laws and
regulations, as well as the measures taken to achieve a more sustainable way of life.
Researchers have found that all consumers can be divided into three groups when it
comes to sustainable consumption: translators (in some aspects of their lifestyle, they
consume sustainably, but not in others); exclusive-confident consumers (sustainable liv-
ing is a priority for these consumers); choosers (consumers are distinguished by the fact
that they mostly consume goods and services as a regular consumer, but also consume
a few eco-friendly products or goods, for example; they may always sort rubbish, advo-
cate recycling, but in all other aspects of their life, they do not pursue any sustainable
consumption) [55].

5 Conclusion

To overcome the sustainability challenges we face, interventions and policies must
include not only technological improvements, but also strategies to change the behav-
ior of individual consumers, broader initiatives that aim to change systems of produc-
tion and consumption. Structural interventions and measures to promote sustainability
must be integrated into sustainable innovation through universal education and sustain-
able consumption efforts. Consumer behavior is determined by the interaction of many
socio-cultural, economic, and technological factors, therefore, in order to make con-
sumer choices more environmentally friendly, it is necessary to change their attitude in
forming the need for environmentally friendly products and services. It should be noted
that the support of the central and local authorities to achieve fundamental changes in the
entire production and consumption system is very important. Advances in sustainable
consumption and sustainable production can be achieved by ensuring the participation
of stakeholders in the consumption and production system. Such cooperation would
encourage consumers and producers to change their behavior patterns.
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Abstract. The publication presents an inventory of waste electrical and electronic
equipment (WEEE) equipped with neodymium (NdFeB) magnets, which, when
decommissioned, will be able to become a source of REE procurement. These
magnets contain Rare Earth Elements (REEs) such as neodymium, dysprosium
and praseodymium. Products equipped with NdFeB magnets have been identified:
computer hardware, consumer electronics, wind power generators, and electric-
powered vehicles. A prospective source of REE acquisition could be HDDs and
speakers in laptops and phones, which account for about 10% of the analysed
equipment containing NdFeB magnets. A study of the selected WEEE—hard
disk drive in terms of material properties was carried out. The following analyses
were performed: phase composition studies (XRD), microstructure studies (SEM—
EDS), micro-area chemical composition studies (S/TEM) and hardness studies.
Based on the studies, the material for the cutting knives of the twin-shaft shredder
was selected. Three variants of cutting knives differing in the number of blades
on the perimeter were developed in Autodesk Inventor 2023. Variants with three,
four and five blades were considered. Strength calculations were then carried out
using the Nastran plug-in. A force was applied to the cutting knife blades, from
which von Mises stresses and strains were determined.

Keywords: Rare earth elements - WEEE recycling - Waste shredding

1 Introduction

Rare Earth Elements (REE) are used, among others, in the production of neodymium
magnets (NdFeB). These magnets mainly contain neodymium (Nd), dysprosium (Dy)
and praseodymium (Pr) [1] and are used in various electrical and electronic devices
(Table 1). In line with the circular economy principle, these devices should be recycled
after their use, so that valuable materials such as REE can be recovered from them. The
remaining part of the materials created during processing should be utilized optimally
by producing new components or products from them. The group of end-of-life devices
is called “waste electrical and electronic equipment (WEEE).
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Table 1 Masses of neodymium magnets present in the electrical and electronic devices sold

Sector Product Usage method | The mass of Global sales | Mass of NdFeB
the magnets of the new magnets in
per device devices in the | products

world, million | expressed in
kg/%

Hardware | HDD HDD head 10-20 g [1] 316.31in 2019 | 4,744,500/9.0

positioning [10]

system

Loudspeakers | 0.046-0.120 g | 1 378.7 in 114,432/0.2
in telephones [11] 2020 [12]

Consumer | Home Laptop 1-2.4 g [13] 167.0 in 2020 |283,900/0.5

electronics | electronics | speakers [14]

Motors in air - 5.91in2020 |-
conditioners [15]
Renewable | Energy Wind turbine | 400 kg/MW 93.0 GW in 37,200,000/70.9
energy generators | generators [1] new
installations
in 2020 [16]
Permanent 2.1kg[17] 1.91n 2021 3,990,000/7.6
magnet motors [18]
in electric
vehicles
Transport | Vehicles Permanent 1.4 kg [17] 3.51n 2021 4,900,000/9.3
magnet motors [19]
in hybrid
vehicles
Permanent 300-350 g [1] |3.7 (only in 1,202,500/2.3
magnet motors UE) w 2020
in electric bikes [20]
Sum, kg 52,435,332

For the processing of WEEE containing REE, the Magnet-to-Magnet method [2—4]
can be used. In the first stage of recycling, this equipment should be processed using
preferably non-invasive processes in the field of mineral engineering. The purpose of
these processes is to obtain a powdered, fine-grained mixture of the NdFeB alloy. This
mixture, after further metallurgical treatment, is used to produce new products, i.e. new
NdFeB magnets [5].

From 2011 to 2019, the amount of WEEE in the EU increased from 7.6 million
tonnes to 11.2 million, which means an increase of 46.9% [6]. In the same period, the
total amount of WEEE collected increased from 3.0 to 4.5 million tonnes, which means
an increase of 47.6% [6]. To estimate the number of devices that will be excluded from
use in the future, and thus the mass of magnets necessary for processing in the future,
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the current sales of new devices were analysed (Table 1). They differ in the direction of
application, the content of magnets in them and total sales. NdFeB magnets are found
in hard drives (hard disk drives—HDD), loudspeakers, wind turbine generators and
engines of hybrid and electric vehicles [7-9]. Table 1 shows the total mass of NdFeB
magnets sold with the devices, calculated based on the amount of product produced and
the magnet content in it.

WEEE containing NdFeB magnets differ in their life cycle length. For consumer
electronics and computer hardware it is 4-10 years [21], for vehicles it is 5-10 years
[22], and for wind turbines it is 20-30 years [23]. There is also a difference in the mass
of the magnets used, which is: < 1 g for mobile phones, from 1 to 2 kg for hybrid
and electric vehicles, and from 1000 to 2000 kg for wind turbines [23]. Data for 2020
indicate that only 6.67% of used NdFeB magnets will be reused [24]. This proves a very
low recovery of REE from NdFeB magnets.

As can be seen, a significant number of NdFeB magnets are found in wind tur-
bine generators and electric and hybrid car engines (Table 1). They can be reused by
disassembling them from the generator that is being phased out and, after processing,
reassembling them in a new device [23]. More troublesome to recycle are smaller devices,
such as HDD, in which a small mass of magnets is present. Manual reworking of such
devices is troublesome and very expensive. Hence the idea of preparing a process line
for recycling neodymium magnets from HDD and other small WEEE, using physical
methods of mineral engineering in the first stage of processing. The key element at the
beginning of this line is the use of a suitable HDD shredding device, which is to be made
of materials that allow HDD shredding and neodymium magnets built into them. It is
well known that these magnets are characterized by the ability to generate a very strong
magnetic field. Therefore, great difficulty in recycling with the use of various machines
and devices is the appropriate selection of materials that build them. They must either
be constructed of non-magnetic materials or the magnets can be demagnetized at a tem-
perature > 400 °C [25]. In the case of a shredder, because magnetized materials are
present in HDD, non-magnetic components with appropriate properties should be used.
To be able to choose the appropriate material for the construction of shredder knives,
the hardest HDD elements, such as the casing and the neodymium magnets themselves,
were characterized. The number of blades of the cutting knife was then optimized for the
selected material. 3D models of various variants of cutting knives planned for use in the
shredder are shown and the results of strength analyses for knives, which were performed
in Autodesk Inventor 2023 with a Nastran plug, were presented. Autodesk Inventor 2023
is CAD software. This software is used to design three-dimensional models of parts and
machines, and to create two-dimensional drawings. Cutting knife models were designed
with Inventor 2023. The Nastran plug-in extends the functionality of Autodesk Inventor
2023 with the ability to perform strength calculations using the finite element method
(FEM). Using the Nastran plug, the strength analysis of the cutting knife blade was
performed, loading its edge and its surface. The following devices were used to charac-
terize the HDD material: X’Pert PRO MPD X-ray diffractometer by Panalytical, ZEISS
AxioObserver light microscope, SUPRA 35 scanning electron microscope by ZEISS
and Rockwell hardness tester by Zwick.
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The total mass of neodymium magnets from HDD and loudspeakers annually in the
world amounts to 5,142,832 kg, which is about 10% of all products presented in Table
1. REE content in NdFeB magnets located in 2.5 “and 3.5 HDDs for neodymium,
praseodymium and dysprosium are respectively 22.9-30.4%, 0.3-2.7% and 0-1.5% [8,
26-29]. Discrepancies in the concentration of these elements result from the presence of
many classes of NdFeB magnets on the market, which differ in the content of alloying
elements and magnetic properties, such as remanence or maximum energy density [30,
31].

2 Materials Used and Research Methods

In this study, the test samples are fragments of the HDD casings used. The casings were
tested because it is the most difficult element to grind in the shredder, which is due to its
thickness and the material from which it is built. Using a machine tool, fragments of the
casing of used HDDs were separated, which were then subjected to a phase composition
test, a microstructure test, a micro-area chemical composition test and a hardness test.
The hardness of the NdFeB magnets was also examined because the magnets will be
additionally ground in the later stages of recycling. These casings and magnets come
from the disassembly of used 3.5" HDDs manufactured between 2005 and 2010.

Phase composition studies were performed in an X Pert PRO MPD X-ray diffrac-
tometer from Panalytical, equipped with a cobalt anode X-ray tube (AKa = 0.179 nm)
and a PIXcel 3D detector. Diffractograms were recorded in Bragg—Brentano geome-
try in the 20-110° 26 angle range with a step of 0.05° and a counting time per step of
100 s. X-ray qualitative phase analysis was performed using HighScore Plus software (v.
3.0e) and the PAN-ICSD dedicated database of inorganic crystal structures. The graphs
obtained are shown below.

To determine the microstructure of the alloy from which the HDD casings under
study were made, metallographic observations were made using a ZEISS AxioObserver
light microscope.

Another test carried out is the examination of the chemical composition in micro areas
(EDS) of HDD casing fragments was performed on sample No. 3 in a high-resolution
SUPRA 35 scanning electron microscope from ZEISS, using an EDS energy-dispersive
X-ray spectrometer from EDAX.

Hardness tests on samples taken from HDD casing and NdFeB magnet samples were
performed on a Zwick brand universal Rockwell hardness tester. A 1/16” diameter ball
indenter was used when testing HDD casing fragments, and a diamond cone for NdFeB
magnets. Based on the knowledge of the HDD characteristics, a cutting knife material
was selected.

Autodesk Inventor 2023 with Nastran plug-in was used to determine the optimal
number of blades embedded in the cutting knives. First, using the program’s basic func-
tionality, 2D sketches of the cutting knives were made. These sketches were then trans-
formed into 3D models, using the extract function. The next part of the work, involving
strength calculations, was carried out using the Nastran plug-in and the assumptions
presented later in the paper. It is necessary to properly prepare the geometry for strength
calculations, by removing details that are not important for the analysis. The 3D model
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of the cutting knife is characterized by considerable simplicity of shape, so no simplifica-
tion was carried out. The next step is to create a discrete model, i.e. a computational mesh
with an assumed density. Then the boundary conditions, that is, the assumed restraints
and loads were assigned. After correct input, calculations were carried out and the results
obtained were read out.

3 Research and Analysis Results

3.1 Material Analysis of HDD Casing

The results of the X-ray qualitative phase analysis of a sample from the HDD casing
are shown in Fig. 1. On the X-ray diffraction pattern obtained as a result of examining
a sample taken from the HDD casing, diffraction lines were identified in angular posi-
tions characteristic of three crystal phases: the o (Al) phase, silicon (Si) and a smaller
proportion of the Al,Cu intermetallic phase.
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Fig. 1 X-ray diffraction pattern obtained for HDD casing material sample

Figure 2a—d presents pictures of the microstructure of tested HDD casing material.
The observation shows a coarse-grained eutectic a(Al) + B(Si) on the background of
a solid solution of a(Al). Also, a few primary silicon precipitates and microvoids are
observed.

Figure 3 shows the results of EDS analysis performed in the micro-areas of the
sample, taken from fragments of the HDD casing. The obtained results indicate the
predominant share of aluminium in the investigated alloy (> 80% by weight). Lines of
silicon (about 11 wt%), Copper (up to about 4 wt%), and iron (up to about 1 wt%) were
also identified on the EDS spectra Table 2.

The results of hardness measurements of the HDD casing samples and the FeNdB
magnet are shown in Table 3.
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Fig. 2 Pictures of the microstructure of the HDD casing material. Light microscope, bright field
observations; a, b magnification 500 %, ¢, d magnification 1000 x

Fig. 3 Results of chemical composition analysis (EDS) in micro-areas of HDD casing material
sample; a view of microstructure with a marked area of the EDS test, b the EDS spectrum from
the area marked in Fig. 3a

The obtained results of material tests of fragments of HDD hard drive casing indicate
that for their production was used aluminium alloy from the group of aluminium-silicon
alloys, commonly known as silumin. Metallographic observation confirmed the presence
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Table 2 Results of chemical composition analysis (EDS) of HDD casing material sample

Chemical composition (wt%)
Element O Al Si Fe Cu
Weight 1.5 81.7 114 1.1 4.2

Area 1 marked in Fig. 3a, wt%

Table 3 Hardness test results for HDD case and FeNdB magnet samples

Lp HDD casing (HRB hardness) NdFeB magnets (HRC hardness)
1 46.2 52.3

2 48.1 51.5

3 49.5 51.6

4 422 50.4

5 42.5 53.4

6 42.5 53.6

7 41.7 49.1

8 48.4 52.5

Average value 45.14 HRB 51.8 HRC

of a coarse-grained eutectic o (Al) 4+ B (Si) on the background of a solid solution of o
(Al), with a few primary silicon precipitates. The occurrence of these phases was also
confirmed through of X-ray diffraction analysis, supported by the chemical composition
microanalysis (EDS). Based on the obtained research results, it can be concluded that the
analysed alloy is the eutectic Al-Si alloy. The samples obtained from the HDD casing had
ahardness ranging from 41.7 to 49.5 HRB. The observed difference in hardness between
the individual measurement points on the HDD casing may result from the differences in
thickness on the wall cross-section and the concentration of the hard crystalline phases.
Which is characteristic of elements made by casting methods.

3.2 Design Results of Cutting Knife Blades for Shredder

This chapter presents the work leading to the design of the cutting knife, which is
part of the main working element of the shredder—the cutting shaft. The cutting shaft
consists of a set of cutting knives superimposed on an inner shaft. In the shredder, the
material will be shredded using two cutting shafts, rotating in opposite directions. The
cutting knives should be constructed of a material that will have sufficient strength to
shred waste electrical and electronic equipment. As mentioned, the knives must also be
constructed of non-magnetic material so that fragments of shredded NdFeB magnets do
not adhere to them. It is planned that the designed device will also be able to shred other
WEEE-containing NdFeB magnets, constructed of materials of similar hardness and
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characterized by small sizes, such as speakers containing neodymium magnets. First,

three variants of cutting knives were developed that met the assumptions shown in Table
4.

Table 4 Assumptions for the 3D model of the cutting knife

Knife shape Round with cutting blades
Apex diameter, mm 110

Pitch diameter, mm 105

Foot diameter, mm 100

Rounding of the knife base, mm 1.5

Width, mm 12

The shape of the cutting knife blade used in this study and presented in Fig. 5 was
considered optimal at the present stage of the research. It was established based on
experimental research. The best shape of the cutting knife blade will be considered in
further research. It was also assumed that the minimum number of blades is three. It
was examined whether a larger number of knives had an impact on their durability. The
following figures show the cutting knife variants developed with Autodesk Inventor 2023:
Fig. 4a—a knife with three blades, Fig. 4 b—a knife with four blades, Fig. 4c—a knife
with five blades. The number of blades also affects the productivity of the machine. The
greater number of blades on the cutting shafts increases the productivity of the machine
while increasing the demand for drive power. The effect of the number of cutting knife
blades on productivity is not the subject of this discussion. The performance of the
prototype device will be determined experimentally, once it has been manufactured.

a) b) c)

Fig. 4 Variant of the cutting knife with a three, b four and c five blades

The HDD casing is made of an aluminium-silicon siluminium alloy, whose tensile
strength—Rm = 240-280 N/mm?, yield strength Re = 130—180 N/mm? [32], and aver-
age hardness HRB = 45.15. The NdFeB alloy from which the magnets are composed
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Fig. 5 Force applied to the edge of the cutting knife

is characterized by low tensile strength—Rm = 82.7 N/mm? [33], with high average
hardness HRC = 51.8. The structural material of the cutting blade will be austenitic steel
X6CrNi2520, whose strength properties (Rm = 540 N/mm?, Re = 225 N/mm? HRB
= 95 [34]) will make it possible to grind the previously mentioned HDD components.
This steel was also selected for its lack of magnetic properties.

The strength analysis of the developed 3D models was then carried out using the
Nastran plug-in for Autodesk Inventor 2023 software. The assumptions for the analysis
are as follows:

e The load force on the cutting knife edge in the first variant (Fig. 5) and the cutting
knife surface in the second variant (Fig. 6) of 12,600.00 N,

Fig. 6 Force applied to the cutting knife surface

o Material—austenitic steel,
e Fixed supports at the points of contact with the shaft,
e Grid made by triangulation method with a segment size of 3 mm.

The locations of the force application are presented in Figs. 5 and 6. At the initial
stage of cutting, the cutting knife exerts pressure on the shredded material with its edge
only, which is mapped in Fig. 5. After that, the cutting knife penetrates the material
and begins to act on the shredded material with the entire surface marked in Fig. 6. The
results of the maximum Von Mises stress and the total displacements for each variant
are presented in Tables 5, 6 and 7.

Loading the edge and the surface of the cutting knife with a set force gave different
results for each variant. When loading the cutting knife edge, the lowest Von Mises
stress was obtained for the variant with 4 blades—2425.0 MPa and the lowest strain was
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Table 5 Results of strength analysis of the variant of the cutting knife with 3 blades

95

Force applied to the edge of the
blade

Force applied to the blade
surface

Solid von Mises stress, MPa

2587.0

429.7

Total displacement, mm

0.081

0.034

Table 6 Results of strength analysis of the variant of the cutting knife with 4 blades

Force applied to the edge of the
blade

Force applied to the blade
surface

Solid von Mises stress, MPa

2425.0

431.8

Total displacement, mm

0.085

0.035

Table 7 Results of strength analysis of the variant of the cutting knife with 5 blades

Force applied to the edge of the
blade

Force applied to the blade
surface

Solid von Mises stress, MPa

2668.0

476.7

Total displacement, mm

0.083

0.036

obtained for the variant with 3 blades—0.081 mm. By loading the surface, the lowest
Von Mises stress was obtained for the variant with 3 blades—429.7 MPa. Also for the
same variant, the lowest surface deformation was obtained—0.034 mm. Based on the
stress and strain analysis, a variant of the cutting knife with three blades was selected.
This variant was chosen because of the smallest strain determined during the strength
analysis. The smaller value of the blade strain, determined for the same given loading
force, means that the cutting knife will have a longer operating time. This will translate
into a reduction in the operating costs of running the grinding process in the shredder,
related to overhaul and stoppage of operation.

4 Conclusions

As a result of the material analysis of the HDD casing, such as X-ray diffraction study,
microstructure study, micro-area chemical composition study and hardness study, it
was found that the structural material of the casing is an aluminium-silicon alloy—
silumin. On this basis, the material for the cutting knives was selected—austenitic steel,
grade—X6CrNi2520.

The design of the cutting knives consisted in studying the effect of the number of
blades embedded on the periphery of the knife on obtaining Von Mieses stress and strain.
It was implemented using Autodesk Inventor 2023 with the Nastran plug-in. It was found
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that the optimal number of blades should be 3. Each increase in the number of blades
causes an increase in the von Mises stress, as well as causes an increase in deformation.
Faster blade wear results in a time-consuming blade replacement process, which can
significantly increase operating costs in the production cycle.

In the conclusion of the paper, the use of replaceable cutting knife blades was pro-
posed. Their disassembly and reassembly will be made possible using a screw connection
fastening. Countersunk screws will be used. The blades will be made using the selective
laser melting method. This method is one of the additive powder processes, which has
the advantage of being able to realise complex shapes or the strength of the manufactured
parts similar to injection moulded parts.

Funding. This study was funded by grant numer 06/050/BK 22/0129 and the Rector’s pro-quality
grant, Silesian University of Technology, 32/014/SDU/10-21-09.
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