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Abstract: The raw materials (RM) sector is linked to the Sustainable Development Goals (SDGs),
and it impacts their implementation, in a positive or adverse manner, throughout the whole RM
value chain (e.g., mining, processing, metallurgy, recycling, etc.). This study aims to identify and
rank the SDGs that are classified as more significant for this sector, according to the views of key
stakeholders, university students, academics, professionals, and industry representatives, in three
East and South-East Europe (ESEE) countries: Greece, Poland, and Slovakia. Moreover, the expected
challenges of the RM sector in the next ten years are presented and are based on the opinions of the
industry representatives of the abovementioned countries. Within this framework, 423 participants
provided their views in a survey with structured questionnaires. The results were analysed on the
basis of the stakeholder groups and the countries that were examined. SDG 9 (Industry, Innovation,
and Infrastructure), 8 (Decent Work and Economic Growth), and 7 (Affordable and Clean Energy),
were highly ranked by the stakeholders, which indicates a strong link between these SDGs and the
RM sector. Digital transformation, recycling and material chain optimization for end-of-life products,
and increased resource efficiency in mineral and metallurgical processes, were reported as the most
important challenges that are expected to be faced by the RM industry in the next decade.

Keywords: stakeholders; sustainable development goals; raw materials sector; questionnaire survey;
raw materials sector challenges

1. Introduction

Raw materials (RM) are vital to the well-being and prosperity of societies on a large
scale. As is reported by Mancini and Sala [1], minerals, metals, and their industries con-
tribute to economic development, create opportunities for decent employment, add value
along the supply chains of material commodities, and improve the quality of life of local
communities through the construction of new infrastructure for transport, communications,
water, and energy. On the other hand, adverse impacts of the RM sector may also exist
(e.g., environmental degradation, social inequality, etc.), particularly when inadequate
environmental protection and social cohesion policies and measures are implemented [1].
In recent decades, the RM industry has made significant advances in the prevention, mit-
igation, and management of its potential impacts and risks. However, the sector is at a
crossroads and is in need of a new vision, given that a measurable percentage of the general
public is still of the opinion that RM companies do not make the required efforts to behave
responsibly towards society [2]. Reduced social acceptance can be a significant drawback
for the RM sector, which is translated into considerable business costs [3], and a lack of
business opportunity.
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Along these lines, the RM sector can play a critical role in the achievement of the
Sustainable Development Goals (SDGs) of the United Nations’ 2030 Agenda for Sustainable
Development [4], as is recognized by the European Union (EU) Member States [5,6], by
the Strategic Agenda 2018–22 of EIT RawMaterials [7], and by relevant studies [1,8,9].
Mancini et al. [8], for example, studied the contribution of the RM value chain to the
achievement of the SDGs while taking into account the indicators that have been set for
each goal by the United Nations and Eurostat. The European Bank for Reconstruction and
Development (EBRD) presented its own analysis with regard to the impact of the RM sector
on the SDGs [10], on the basis of data that were collected from, “Mapping Mining to the
SDGs: An Atlas” [9]. The analysis of the EBRD classified the impacts of the RM sector on
the SDGs with regard to its directness as “very direct”, “moderately direct”, and “indirect”,
and also depending on their enhancement (positive impact) or mitigation (adverse impact)
effects. According to the EBRD, the RM sector has a very direct impact on the following
SDGs: 6 (Clean Water and Sanitation); 7 (Affordable and Clean Energy); 8 (Decent Work
and Economic Growth); 9 (Industry, Innovation and Infrastructure); 13 (Climate Action);
and 15 (Life On Land) [10].

The achievement of the SDGs, however, requires transformational solutions that go
beyond incremental innovation, and the RM sector, similar to any other sector, needs to
adopt new mindsets, build new business models, and develop new technologies. The
achievement of the SDGs is influenced by national realities, capacities, and levels of de-
velopment, as well as by specific national challenges [11]. As is recognized by the 2030
Agenda, and as is stated in the relevant literature [12,13], the successful implementation
of the SD principles depends on, among other things, inclusive participation and stake-
holder engagement [14]. Along this line, the key raw materials stakeholders at the national
level, and their perceptions, play an essential role in designing the strategy and policy
frameworks for the achievement of the SDGs.

Higher education institutions (HEIs) with engineering programs, and especially those
related to the RM sector, play a particular role in the emphasis of SD practices, in the
enhancement of SD engineering processes and innovation, in surpassing the digital and
broader technological and knowledge divides, and in the development of strategies to
strengthen the capacity in engineering education for sustainable development (EESD).
A collaboration between HEIs and the industry is expected to bridge the gap between
technology, education for SD, and pedagogy, as well as to assist in the development of
new tools in educational programmes [15,16]. Thus, representatives from HEIs and the
industry are recognized as critical stakeholders for the application of the SD principles in
the RM sector. The same applies for students who, as future professional engineers, will
be required to develop innovative solutions, and to face grand emerging challenges, such
as climate change and resource scarcity, while balancing economic competitiveness, envi-
ronmental protection, and social acceptance [17–19]. In particular, students are motivated
to engage in sustainable practices during and after university and, hence, to influence the
achievement of the SDGs [20]. The academic staff also plays a crucial role in the diffusion
of the SD principles, as several studies argue that the cooperation between students and the
academic staff can enhance engagement, motivation, and performance [21–23]. Moreover,
the faculty’s knowledge and the students’ awareness of the SDGs affects the pedagogi-
cal techniques that are used. The cooperation with professionals and with the industry
constitutes an essential organizational issue for universities to consider when integrating
SD within engineering education [24]. The industry is the main critical stakeholder in
the application of the SD principles, while engineering students consider the industrial
experience to be highly valuable [19].

Taking into account the role of the abovementioned stakeholders of the raw materials
sector towards the achievement of the SDGs, this study aims to identify and rank the
most significant SDGs for the RM sector, according to the views of 423 students, members
of academic staff, professional engineers, and representatives from the industry, from
three East and South-East Europe (ESEE) countries: Greece, Poland, and Slovakia. The
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representatives of the industry were further requested to provide their views on the relevant
importance of a number of thematic areas (i.e., the challenges that the RM industry will
face in the next ten years).

On the basis of the survey data, which were collected using an online questionnaire, a
comparative analysis of the ranking results within the stakeholder groups and the three
ESEE countries is presented, as well as the relevant significance of the challenges that the
sector is expected to face in the coming decade.

2. Materials and Methods
2.1. Research Design

This study analyses survey data, which were collected as part of the EIT RawMaterials
project, “EnAct-SDGs—Enhancing the skills of ESEE RM students towards the achievement
of SDGs”, which was a two-year (2020–2021) EIT Regional Innovation Scheme (RIS). A
schematic flow diagram of the study design is presented in Figure 1.

Sustainability 2022, 14, x FOR PEER REVIEW 3 of 18 
 

significant SDGs for the RM sector, according to the views of 423 students, members of 
academic staff, professional engineers, and representatives from the industry, from three 
East and South-East Europe (ESEE) countries: Greece, Poland, and Slovakia. The repre-
sentatives of the industry were further requested to provide their views on the relevant 
importance of a number of thematic areas (i.e., the challenges that the RM industry will 
face in the next ten years). 

On the basis of the survey data, which were collected using an online questionnaire, 
a comparative analysis of the ranking results within the stakeholder groups and the three 
ESEE countries is presented, as well as the relevant significance of the challenges that the 
sector is expected to face in the coming decade. 

2. Materials and Methods 
2.1. Research Design 

This study analyses survey data, which were collected as part of the EIT RawMateri-
als project, “EnAct-SDGs—Enhancing the skills of ESEE RM students towards the 
achievement of SDGs”, which was a two-year (2020–2021) EIT Regional Innovation 
Scheme (RIS). A schematic flow diagram of the study design is presented in Figure 1. 

 
Figure 1. Flowchart for the design of this study. 

2.1.1. Study Aims: The Identification of Stakeholder Groups 
One of the goals of the EnAct project was the identification of the educational needs 

and challenges that are currently faced by the RM sector in three ESEE countries: Greece, 
Poland, and Slovakia. This was attained by using surveys, interviews, and communica-
tions through the EnAct-SDGs network, with the research being focused on the raw ma-
terials schools of three HEIs: The School of Mining and Metallurgical Engineering (SMME) 
of the National Technical University of Athens (NTUA) in Greece; the Faculty of Mining 
and Geoengineering (FMG) of the AGH University of Science and Technology in Poland; 
and the Faculty of Mining, Ecology, Process Control and Geotechnologies (FMEPCG) of 
the public Technical University of Kosice (TUKE) in Slovakia. 

The survey’s objective was to identify the educational needs and the appropriate 
practices in order to strengthen the development and the adoption of education for SD, 
policies, and strategies in the curricula of the examined universities. 

Figure 1. Flowchart for the design of this study.

2.1.1. Study Aims: The Identification of Stakeholder Groups

One of the goals of the EnAct project was the identification of the educational needs
and challenges that are currently faced by the RM sector in three ESEE countries: Greece,
Poland, and Slovakia. This was attained by using surveys, interviews, and communications
through the EnAct-SDGs network, with the research being focused on the raw materials
schools of three HEIs: The School of Mining and Metallurgical Engineering (SMME) of
the National Technical University of Athens (NTUA) in Greece; the Faculty of Mining and
Geoengineering (FMG) of the AGH University of Science and Technology in Poland; and
the Faculty of Mining, Ecology, Process Control and Geotechnologies (FMEPCG) of the
public Technical University of Kosice (TUKE) in Slovakia.

The survey’s objective was to identify the educational needs and the appropriate
practices in order to strengthen the development and the adoption of education for SD,
policies, and strategies in the curricula of the examined universities.

2.1.2. Survey Preparation: Structured Questionnaires

The research design was based on the priority action areas that were established by
the Global Action Programme on Education for Sustainable Development (ESD) [25]. These
areas are: (a) Advancing policy; (b) Integrating sustainability practices into education
and training environments (whole-institution approaches); (c) Increasing the capacity of
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educators and trainers; (d) Empowering and mobilizing youth; and (e) Encouraging local
communities and municipal authorities to develop community-based ESD programmes [25].
The research questions were framed by the opinions, and perceptions on SD of the research
target groups, the role of the stakeholder partnerships, the benefits of internships, and the
assessment of the curriculum structure and content according to the SD principles. Four
different questionnaires were prepared in English that were addressed to the respective
key stakeholder groups (i.e., students, academic staff, graduates (professionals), and repre-
sentatives of the industry), and these were translated into Greek, Polish, and Slovak. The
questionnaires consisted of closed-ended questions (multiple-choice, one-choice, a rating
scale, and a Likert scale), while the participants were encouraged to provide supporting
information, where applicable.

The students’ questionnaire included 55 questions and subquestions that aimed to
investigate the factors that contribute to the motivation of students in EESD, and to explore
the students’ opinions about the current pedagogical practices at their university (e.g.,
content concerning the SD principles). Moreover, their internship experience was evaluated.
Specifically, the first section of the questionnaires explored the students’ opinions and
beliefs about the SDGs (e.g., the identification of the five most important SDGs for the RM
sector; familiarity with the SDGs; a willingness to learn more about the SDGs; the role of
the SDGs in overcoming conflicts between the RM industry and local communities; the
practical relevance of the SDGs in RM-sector topics; the role of SD engineering practices
in the act of becoming a more socially responsible engineer, etc.). The second section
aimed to evaluate the existing study programme, and it included questions about the
contribution of the curriculum to the students’ theoretical and technical knowledge, social
skills, etc., and on the integration of SD into the curriculum and their satisfaction about
the level of knowledge provided. Moreover, the students were asked to indicate their level
of agreement or disagreement with a series of statements (e.g.,: “SD principles should be
emphasised into the current curriculum of the school”; “SD principles should be actively
incorporated and promoted through all courses of my studies”; “Through my studies, I
acquired an interdisciplinary understanding of sustainability”, etc.), and whether they had
published a paper on SD in peer-reviewed journals or conference proceedings. The third
section was dedicated to internships. Students were asked whether they had an internship
during their studies and whether they had completed their internship. They were also
asked to point out their level of agreement or disagreement with a series of statements (e.g.,:
“I learned more about sustainable development”; “I had the opportunity to implement
my knowledge in practice”; “I was given the opportunities to take responsibility at work”;
“The support and training I received during my internship were adequate”, etc.). Finally, on
the basis of the experience that they gained during the internship, the students were asked
if they had any suggestions for their curriculum so that the graduates would be better
prepared for the working environment. The fourth and last section of the questionnaire
included typical demographic questions, such as gender, age, the student’s appointment as
full- or part-time, the year of study, etc.

The academics’ questionnaire included 37 questions and subquestions that were also
divided into four sections. The first section referred to the SD awareness of the academic
staff; the identification of the five most important SDGs for the RM sector; the integration
of the SD principles into the existing curriculum; their satisfaction with regard to the
knowledge that is acquired by the students on the SD principles and goals from the existing
curriculum; the evaluation of the existing curriculum with regard to its contribution
to the students’ theoretical and technical knowledge, social skills, etc.; and the role of
internships in the enhancement of the students’ competencies. Moreover, the academics
were asked to state their level of agreement or disagreement with a series of statements
(e.g.,: “Sustainable Development Goals have opened multiple new research questions
across disciplines for both staff and students”; “Education for Sustainable Development is
related to the mission and vision of the University”; “I intend to develop/revise my course
content in order to put more emphasis on the principles of Sustainable Development”;
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“Incorporating Sustainable Development principles could help strengthen the partnerships
between schools/faculties and other stakeholders and encourage interdisciplinary and
cross-curricular work”, etc.). The second section explored the most appropriate methods
for the enhancement of the students’ skills towards the achievement of the SDGs. At
first, the participating academics were asked whether they taught courses on SD and,
if so, what the main teaching orientations of these courses were (e.g., academic driven,
industry oriented, etc.). Then, they were asked to recognise, on the basis of their teaching
and research experience, the most appropriate methods for enhancing the students’ skills
towards the achievement of the SDGs, as well as the main difficulties in incorporating the
SD principles into their courses. Finally, the participants were asked to identify which
actions/activities (e.g., attending SD-relevant conferences, participating in SD-relevant
research projects, assigning SD-relevant BSc, MSc, or PhD theses or student projects, etc.)
could trigger their interest in sustainability, and whether they had published a paper on
SD in peer-reviewed journals or conference proceedings. The third section investigated
the universities’ collaborations with the main RM stakeholders (e.g., other HEIs, industrial
partners, NGOs, state authorities, etc.) on the SD-related thematic areas. The questionnaire
concluded with a series of demographic questions for the identification of the gender, age,
year of graduation, current position, and affiliation.

The professionals’ questionnaire included 68 questions and subquestions, which were
also divided into four sections. The first section involved opinion-and-belief questions that
concerned their awareness of the SDGs and the importance of them for the RM sector (i.e.,
the identification of the five most important SDGs). This section also included questions
with regard to the level of agreement or disagreement of the participating professionals
with a number of statements (e.g.,: “Education for SD is related to the mission and vision
of the Raw Materials industry”; “SD principles assist Raw Materials Engineers to better
understand the practical concepts/problems on environmental, social and economic issues
stemming from the development of raw materials”; “Incorporating SD principles could
help strengthen the partnerships between the Raw Materials Industry, Raw Materials self-
employed professionals and other stakeholders (Universities, NGOs, etc.)”; “Most Raw
Materials industries, including relevant SMEs today, are engaged in activities towards
the achievement of SDGs”, etc.). The second section was related to the integration of
sustainability into the RM industry and was specifically addressed to RM professionals
who are/have been employed in an RM company. In particular, this section asked for
the level of agreement or disagreement of the participating professionals with a series
of sustainability-related statements (e.g.,: “Company mission reflects commitment to the
principles of SD”; “My company maintains an active dialogue with stakeholders to identify
and address their concerns regarding sustainable performance”; “My company has specific
targets for its sustainable performance and indicators to monitor their achievement”; “My
company reports annually the actions taken to improve its sustainable performance, e.g.,
Corporate Social Responsibility”; “Application of Sustainable Development principles
improves the financial performance of my company and offers a competitive advantage”;
“Application of Sustainable Development principles improves the social acceptance of my
company”, etc.). The next section aimed to evaluate the study programmes of the RM
schools where the participants completed their undergraduate studies. First, by using a
series of agreement/disagreement statements, the professionals were asked to state whether
they had had many opportunities to apply sustainable engineering practices in their
courses, and whether they had acquired an interdisciplinary understanding of sustainability,
and a comprehensive knowledge of economic, environmental, and social sustainability.
Then, they were asked to express whether the education that they received during their
undergraduate studies satisfied their expectations with regard to their knowledge on SD,
as well as to what extent the study programme contributed to the development of their soft
skills, their theoretical and technical knowledge, their knowledge related to the application
of SD principles, etc. The respondents were also asked to identify, on the basis of their
experience, which approaches they considered to be more effective for teaching the SD
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principles to undergraduate RM students, and to rank (using a five-point Likert scale) the
competencies that should be enhanced in order for young RM engineers to apply the SD
principles in the RM sector (e.g.,: “Understanding of risks and opportunities in the Raw
Materials sector”; “Creativity and Ability to innovate”; “Understanding of professional
and ethical responsibilities”; “Ability to recognise corporate social responsibility”; “Ability
to apply practices in an environmentally and legally responsible manner”; “Awareness
of impact of engineering solutions in a global, economic, environmental, societal and an
overall sustainability context”, etc.). Finally, the participants were asked to note whether
they had published a paper on SD in peer-reviewed journals or conference proceedings,
and how their interest/awareness in sustainability could be enhanced. Moreover, in this
questionnaire, the last section consisted of questions about basic demographic information
(e.g., gender, age, year of graduation, present employment status, years of experience in
RM sector, etc).

Finally, the industry representatives’ questionnaire included 45 questions and sub-
questions that were organised into four sections. The first section included information
about the company (e.g.,: business sector; country location(s) of the company’s activities;
the total number of full-time employees; the total number of RM engineers employed; and
the number of them belonging to the age group between 25 and 34 years). Moreover, this
section aimed to examine the opinions of the industry representatives on the five most
important SDGs for the RM sector, their familiarity with the SDGs, and the importance to
an RM company of achieving the SDGs. Finally, the representatives were asked to rank
the overall performance of young RM engineers in terms of the achievement of the SDGs.
The second section focused on educational needs. It aimed to identify the competencies of
young RM engineers that should be enhanced in order for them to apply the SD principles
in the RM sector (the question was the same as in the professionals’ questionnaire), and the
most appropriate tools for teaching SD skills to undergraduate RM students. The section
concluded by asking the participants to recognise the most significant thematic challenges
for the RM industry in the next ten years, and to rank the three most important ones for
their company. The next section included one question where the respondents were asked
to indicate their level of agreement or disagreement with a series of statements that were
related to SD and the RM industry (e.g.,: “Company mission reflects commitment to the
principles of SD”; “My company has specific targets for its sustainable performance and
indicators to monitor their achievement”; “My company has a management team/unit
to implement necessary actions and monitor sustainable performance”; “In my company
actions and measures to ensure sustainable performance are applied in reaction to pres-
sures and/or reactions of one or more stakeholder groups”; “Application of SD principles
improves the social acceptance of my company”, etc.). The fourth and last section referred
to the training of employees and lifelong learning (LLL). The participants were asked to
provide information about the annual budget for the training of RM engineers, and about
the subjects of these training programs in their company. They were also asked about the
frequency that the company’s RM engineers are trained on SD issues, and which methods
are used for this aim (e.g., support in obtaining a certificate on specific skills, technical
training by in-house senior staff, external training by HEIs or specialized training bodies,
etc.). Furthermore, they were asked whether, and at what level, the company cooperated
with academia, industrial partners, NGOs, and state authorities on the thematic areas
that are related to SD, etc. Finally, the industry representatives were asked to identify the
ways in which they could assist HEIs in the development of a RM engineering curricula
that is focused on the enhancement of skills for the achievement of the SDGs in the RM
sector. Along the same lines, the participants were asked about the support that they
could provide for internships for RM undergraduate students (i.e., duration of internship,
number of students accepted, content, and purpose of acceptance). Moreover, they were
asked to highlight the obstacles and challenges that their company faces with regard to
the implementation of internships (e.g., limited availability of trainers for interns, budget
unavailability, the bureaucratic procedures for the registration of interns, etc.).
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From the abovementioned set of questions that were used in the EnAct-SDGs project,
the present article focuses on the analysis of the responses that were collected on two
survey questions. The first question is, “Which of the following SDGs are most important
in the RM sector?”, and it was addressed to all four stakeholder groups. From the list
of 17 SDGs, the participants were asked to select and rank the five goals that, according
to their opinions, were the most important. A scale from 5 to 1 was used to indicate the
ranking range from “extremely important” (5) to “important” (1). The zero value was used
to represent the rest of the twelve of the seventeen SDGs that were not selected as important
by the participant. Moreover, the second question that is analysed in this article is, “What
thematic areas do you expect to face the Raw Materials industry in the next ten years?”,
and it was specifically addressed to the industry representative stakeholder group. The
participants were asked to identify and rank the three thematic areas from a list of eight
challenges that they considered to be the most important for their company. A scale from 3
to 1 was used to indicate the range ranking, from “extremely important” to “important”,
whereas the zero value was used for the other thematic areas that were related to challenges
that were not selected as important.

2.2. Data Collection and Analysis

The convenience sampling approach was adopted as the sampling method, given that
the target groups were not easily accessible during the period when the EnAct survey was
conducted because of COVID-19 pandemic restrictions. This approach was assessed as
appropriate for the aim of the present study since the objective is to examine the relationship,
and not the precision, of population estimates [26]. The data were collected through
Limesurvey, which is an online survey tool, during the period from 24 June to 11 September
2020 for the students and academia groups, and from 1 July to 11 September 2020 for
the professional and industry groups. In order to effectively reach the target groups, a
number of dissemination methods were applied that took into account the personal data
protection rules of the institutions. The dissemination plan included posts on the EnAct-
SDGs website, partner universities’ websites, the websites of the EIT RawMaterials hubs
involved (e.g., RCGREECE and RCKOSICE), the EIT RawMaterials Infocenter News, and
the social media of partners/hubs. Moreover, newsletters and emails were sent through
the EnAct-SDGs stakeholders’ database, the mailing lists of the partners/hubs, and the RIS
Task Partners’ contacts.

For the analysis of the results (i.e., the responses to the questionnaires), descriptive
statistics were used, as well as statistical hypotheses, in order to assess the effect of the
specific stakeholder groups on ranking the relevant importance of the SDGs in each country.
More specifically, the nonparametric statistical test of Kruskal–Wallis [27] was used, with
a significance level of 95%. The Kruskal–Wallis test was selected as an alternative to the
one-way ANOVA test. In the “Results” section of this article, the statistics of the Kruskal–
Wallis test (critical value (H), p-value, and degree of freedom (df)) are reported in the cases
of significant differences between the examined groups (when p-value ≤ 0.05).

Moreover, the effect size (Cohen’s d) of the Kruskal–Wallis test is provided, according
to Cohen [28], in order to identify the importance of the test results in actual units of
response (“the degree to which the phenomenon is present in the population”). Generally,
for the effect size (dcoh), it is desirable to take values larger than 0.5, while values less than
0.2 indicate that the identified differences are negligible [28,29].

For the first question (i.e., “Which of the following SDGs are most important in the
RM sector?”), the data that were collected from the four different stakeholder groups
were included in a single dataset and were analysed. For each SDG, the average ranking
was calculated per stakeholder group. Moreover, the unweighted average of the four
stakeholder groups was computed for each country, so that the sample size of the respective
group did not affect the overall average ranking of a specific SD goal. Furthermore, the
classification of the EBRD on the type of impact that the RM sector has on the specific
SDGs [10] (i.e., very direct, moderately direct, indirect), and the enhancement or mitigation
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effects, was adopted for the interpretation of the results. Thus, the average ranking for the
importance of a specific SDG on the RM sector was calculated at a country level.

For the second question (i.e., “What thematic areas do you expect to face the Raw
Materials industry in the next ten years?”), which was addressed to the RM industry
representatives, a similar analysis took place. For each thematic area/challenge, the average
ranking was calculated per country of origin. Then, the results were presented in a radar
(spider) chart for their comparative evaluation.

The sample characteristics and their distributions are described below. As is seen in
Table 1, a total of 423 people participated in the online surveys: 114 from Greece; 63 from
Poland; 188 from Slovakia; and 58 from other countries, from different stakeholder groups
(Table 1). This study focuses on the results of the three ESEE countries: Greece, Poland,
and Slovakia.

Table 1. Number of completed questionnaires.

Country Students Academic Staff Professional
Engineers

Industry
Representatives Total

Greece 48 24 26 16 114
Poland 15 21 15 12 63

Slovakia 55 55 57 21 188
Other 14 16 24 4 58
Total 132 116 122 53 423

From the 132 students who participated in the student’s survey, 43.7% came from
FMEPCG-TUKE (Slovakia); 36.4% from SMME-NTUA (Greece); and 11.4% from FMG-
AGH (Poland). The responses of students (10.6%) from other countries, faculties, or schools
were not taken into account in the present study. Approximately 57.6% of the students
were male and 42.4% were female. With regard to age, 57.6% of the students were between
18–23 years old, and 35.6% were between 24–30 years old, and 84.6% of the students who
responded to the survey were enrolled in the third or higher study year of their programme.

Furthermore, 116 responses were recorded from the academic staff: 47.7% from
FMEPCG-TUKE (Slovakia); 20.7% from SMME-NTUA (Greece); 18.1% from FMG-AGH
(Poland); and 13.8% from other countries, faculties, or schools that were not taken into
account in the present study. Nearly 60% of the participants were male, and 40% were
female. Most of the academic staff who participated in the survey were under the age of
40 years. With regard to the different academic positions, 33.3% of the participants were
professors and associate professors or senior researchers; 23.4% were assistant professors,
researchers, or lecturers; 24.3% were post-docs or assistant researchers; and 18.9% were
PhD candidates.

From the 122 professional engineers, 46.7% graduated from FMEPCG-TUKE (Slovakia);
21.3% from SMME-NTUA (Greece); 12.3% from FMG-AGH (Poland); and 19.7% from
other countries, faculties, or schools that were not taken into account in the present study.
Approximately six out of ten were male (59%) and under 40 years old (61.4%). Most of the
professionals who were over 40 years old graduated from SMME-NTUA (Greece), with
57.7% of the Greek professionals who participated in the survey being 40 years of age or
older. A total of 27.9% of the participants stated that they did not have any experience in
the RM sector; 43.4% had 1 to 10 years of experience; and 27% had more than 15 years
of experience.

A total of 53 RM industry representatives completed the survey. A total of 22.6% of
them reported that their companies operated in Poland; 30.2% operated in Greece; 39.6%
operated in Slovakia; and 7.5% operated in other countries that were not taken into account
in the present study. With regard to the gender distribution, 71.7% of the participants from
the industry were male, and 28.3% were female. In terms of the corporate posts, 62.2%
of the participants were managers or CEOs; 26.4% were human resources managers or
directors; and 11.3% were technical staff. Moreover, 30.2% of all the participants stated
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that the business sector of their company is “Mines and quarries”, whereas none of the
Slovakian participants stated that their companies belonged to the “Mines and quarries”
sector. Finally, with regard to the company size, 35.8% of the respondents were employed
in companies with 1 to 49 employees; 15.1% in companies with 50 to 99; 11.3% in companies
with 100 to 149; and 37.7% in companies with more than 200.

3. Results

The responses of the stakeholders during the survey for the question, “Which of the
following SDGs are most important in the RM sector?”, are analysed below.

The overall ranking results with regard to the significance of the SDGs in the RM sector
for all the stakeholder groups (i.e., students, academic staff, professionals, RM industry
representatives) from Greece, Poland, and Slovakia are presented in Figures 2–4. In these
figures, the 17 SDGs are ranked in descending order of significance on the basis of the
unweighted averages of the views of the stakeholder groups. The results indicate that
SDGs 9 (Industry, Innovation, and Infrastructure), 8 (Decent Work and Economic Growth),
and 7 (Affordable and Clean Energy) were ranked among the five most important SDGs
for the RM sector, by all the countries.
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According to the views of the Greek stakeholders, the five most important SDGs for
the RM sector are:

1. SDG 9 (Industry, Innovation, and Infrastructure);
2. SDG 8 (Decent Work and Economic Growth);
3. SDG 7 (Affordable and Clean Energy);
4. SDG 12 (Responsible Consumption and Production);
5. SDG 4 (Quality Education).

The overall ranking results for all 17 SDGs are presented in Figure 2. In the same
figure, the types of impacts that the RM sector has on the specific SDGs, as codified in
the EBRD analysis [10], are also presented. According to the Kruskal–Wallis test results,
differences were observed between the stakeholders’ views for the relative significance of 3
of the 17 SDGs. The Greek academic staff evaluated SDG 6 (Clean Water and Sanitation)
with higher importance compared to the other three Greek stakeholder groups (H = 10.580,
p = 0.014, df = 3, dcoh = 0.544). The Greek students evaluated SDG 7 (Affordable and
Clean Energy) with a lower rank than the other three groups (H = 11.239, p = 0.011, df = 3,
dcoh = 0.569). Moreover, SDG 12 (Responsible Consumption and Production) was ranked
higher by the Greek professionals and the Greek industry than the other groups (H = 10.410,
p = 0.015, df = 3, dcoh = 0.538).

On the basis of the views of all of the groups of the Polish stakeholders, the five most
significant SDGs for the RM sector are the following:

1. SDG 7 (Affordable and Clean Energy);
2. SDG 9 (Industry, Innovation, and Infrastructure);
3. SDG 12 (Responsible Consumption and Production);
4. SDG 13 (Climate Action);
5. SDG 8 (Decent Work and Economic Growth).

The overall ranking results for all 17 SDGs are presented in Figure 3. The statistical
analysis revealed that SDGs 7 (Affordable and Clean Energy) and 12 (Responsible Con-
sumption and Production) presented significant differences between the four stakeholder
groups. SDG 7 was ranked higher by the Polish professionals and the Polish industry
representatives (H = 17.865, p = 0.000, df = 3, dcoh = 1.161), and SDG 12 was assessed with
higher importance by the Polish industry representatives than by the other three Polish
stakeholder groups (H = 10.373, p = 0.016, df = 3, dcoh = 0.756).

According to the views of all of the groups of the Slovakian stakeholders, the five most
important SDGs for the RM sector are:
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1. SDG 6 (Clean Water and Sanitation);
2. SDG 8 (Decent Work and Economic Growth);
3. SDG 9 (Industry, Innovation, and Infrastructure);
4. SDG 7 (Affordable and Clean Energy);
5. SDG 10 (Reduced Inequalities).

The overall ranking results for all 17 SDGs are presented in Figure 4. From the four
Slovakian stakeholder groups, only the students ranked the importance of SDG 4 (Quality
Education) higher than the other groups (H = 11.001, p = 0.003, df = 3, dcoh = 0.426). This
was the only statistical difference that was observed.

Contrary to the limited differences that were observed in the responses of the specific
stakeholder groups of the same country, variability was observed between the responses
on a country level. The Polish stakeholders ranked SDGs 7 (Affordable and Clean Energy)
and 13 (Climate Action) higher than the Greek and Slovakian stakeholders did (H = 9.431,
p = 0.009, df = 2, dcoh = 0.290; and H = 30.014, p = 0.000, df = 2, dcoh = 0.579, respectively).
The Greek and Polish stakeholders valued SDGs 9 (Industry, Innovation, and Infrastructure)
and 12 (Responsible Consumption and Production) higher (H = 20.056, p = 0.000, df = 2,
dcoh = 0.458; and H = 32.530, p = 0.000, df = 2, dcoh = 0.607, respectively). SDGs 5 (Gender
Equality) and 6 (Clean Water and Sanitation) were ranked higher by the Slovakian partici-
pants, while they were ranked quite high by the Polish participants, and were ranked less
high by the Greek participants (H = 32.777, p = 0.000, df = 2, dcoh = 0.610; and H = 38.518,
p = 0.000, df = 2, dcoh = 0.670, respectively). The Slovakian stakeholders considered SDGs 10
(Reduced Inequalities) and 11 (Sustainable Cities and Communities) to be higher priorities
than the Polish and Greek participating stakeholders did (H = 50.002, p = 0.000, df = 2,
dcoh = 0.782; and H = 6.326.518, p = 0.042, df = 2, dcoh = 0.220, respectively).

The overall ranking results with regard to the significance of the SDGs in the RM
sector per stakeholder group for all three ESEE countries that participated in the survey
are presented in Figures 5–8. The figures include the 17 SDGs sorted in descending order
of significance on the basis of the unweighted averages of the three ESEE countries for
each stakeholder group. The results indicate, again, that SDGs 9 (Industry, Innovation,
and Infrastructure), 8 (Decent Work and Economic Growth), and 7 (Affordable and Clean
Energy) were ranked among the five most important SD goals for the RM sector, by all the
stakeholder groups.
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The students/future RM engineers of the three ESEE countries ranked the following
SDGs as the five most important for the RM sector:

1. SDG 8 (Decent Work and Economic Growth);
2. SDG 9 (Industry, Innovation, and Infrastructure);
3. SDG 7 (Affordable and Clean Energy);
4. SDG 3 (Good Health and Well-Being);
5. SDG 4 (Quality Education).

The overall rankings for all 17 SDGs are presented in Figure 5.
The academic staff of the three ESEE countries considered that, for the RM sector, the

five most important SDGs are:

1. SDG 9 (Industry, Innovation, and Infrastructure);
2. SDG 8 (Decent Work and Economic Growth);
3. SDG 7 (Affordable and Clean Energy);
4. SDG 6 (Clean Water and Sanitation);
5. SDG 12 (Responsible Consumption and Production).

The overall rankings for all 17 SDGs are presented in Figure 6.
According to the perceptions of the professional engineers from Greece, Poland, and

Slovakia, the five most important SDGs for the RM sector are:

1. SDG 9 (Industry, Innovation, and Infrastructure);
2. SDG 8 (Decent Work and Economic Growth);
3. SDG 7 (Affordable and Clean Energy);
4. SDG 12 (Responsible Consumption and Production);
5. SDG 6 (Clean Water and Sanitation).

The overall rankings for all 17 SDGs are presented in Figure 7.
The industry representatives ranked the following SDGs as the top five most significant

SDGs for the RM sector:

1. SDG 7 (Affordable and Clean Energy);
2. SDG 9 (Industry, Innovation, and Infrastructure);
3. SDG 12 (Responsible Consumption and Production);
4. SDG 8 (Decent Work and Economic Growth);
5. SDG 13 (Climate Action).

The overall rankings for all 17 SDGs are presented in Figure 8.
A number of differences were observed in the rankings of the specific stakeholder

groups from the three ESEE countries. The students ranked SDG 3 (Good Health and Well-
Being) higher than the other stakeholder groups did. On the other hand, the professional
engineers evaluated SDG 17 (Partnerships for the Goals) higher than the other stakeholder
groups did. SDG 6 (Clean Water and Sanitation) was ranked higher by academic staff and
professional engineers, as compared to the students and industry representatives. Similar
results were recorded by all four stakeholder groups with regard to the rankings of SDGs
14 (Life Below Water) and 15 (Life on Land), with these SDGs considered to be the least
significant for the RM sector.

On the basis of the stakeholders’ views from the three examined ESEE countries, the
averages of the SDG rankings on the basis of the type of impact that the RM sector has on
these SDGs with regard to its directness, (i.e., indirect, moderately direct, very direct) and to
their enhancement or mitigation for the achievement of the respective SDG, are presented
in Figure 9. The stakeholders from the three countries selected as more significant, with
a higher frequency, the SDGs that are directly and positively impacted by the RM-sector
activities. In Figure 9, significant differences in the rankings on a country level can also
be observed. For example, the Greek and Polish stakeholders ranked the SDGs that were
directly and moderately impacted by the RM sector as more significant than the SDGs
that were indirectly impacted by the sector. On the contrary, the Slovakian stakeholders
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ranked the SDGs that were moderately and indirectly impacted by the RM sector in a
similar manner.
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Figure 9. Summary of the stakeholder survey results with regard to the average significance of
SDGs in the RM sector for the 3 ESEE countries examined, as per the type of impact: (a) very direct,
moderately direct, and indirect; and per (b) enhancement or mitigation. Type of impact codified on
the basis of the EBRD study, 2017 [10].

The responses to the second question, “What thematic areas do you expect to face
the Raw Materials industry in the next ten years?”, are analysed below. The compiled
results are presented in Figure 10, with the high values indicating the most challenging
thematic areas. The three lines with different colours illustrate the respective averages of
the thematic areas for the countries that were examined.
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the basis of the views of the industry representatives of the 3 ESEE countries.

The Polish industry representatives indicated the thematic area of digital transforma-
tion as a priority. Moreover, they expect that the exploration and RM resource assessment
and mining in challenging environments are the thematic areas that will present challenges
that the RM industry will have to face in the decade to come. On the other hand, the
three most important areas that were recorded by the Greek and Slovakian RM industries
are similar and include: recycling and material chain optimization for end-of-life prod-
ucts; increased resource efficiency in mineral and metallurgical processes; and mining in
challenging environments.

4. Discussion and Conclusions

The results of the survey reveal convergences, but also differences, between the three
ESEE countries with regard to the relative importance that specific SDGs have to the RM
sector. After reviewing them, it was concluded that the differences in the opinions of the
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participants with regard to the relative importance that specific SDGs have to the RM
sector were mostly observed on a country level, which means that the participants from the
same country had more similar responses than the participants that belonged to the same
stakeholder group. The Greek participants recognized SDG 9 (Industry, Innovation, and
Infrastructure) as the most significant SDG for the RM sector, with the Polish stakeholders
identifying SDG 7 (Affordable and Clean Energy), and the Slovakian participants identi-
fying SDG 6 (Clean Water and Sanitation). Furthermore, as evidenced by the stakeholder
perceptions, the ranking of the SDGs is highly dependent on the type of impact that the
RM sector has on these SDGs. The participants from the three ESEE countries that were
examined ranked highly the three SDGs that are directly and positively impacted by the
activities of the sector: 7 (Affordable and Clean Energy); 8 (Decent Work and Economic
Growth); and 9 (Industry, Innovation and Infrastructure).

The RM sector is active in Greece, Poland, and Slovakia. Greece and Poland are coun-
tries with extensive geological potential in metallic and industrial minerals and ornamental
stones, with long mining traditions and increased raw materials business potential, and
with leading international mining companies that are active in the sector. Slovakia has
low-to-medium mining-business potential, and the mining sector presently makes a lower
contribution to its economy compared to those of Greece and Poland [10]. The relevant
importance of mining in the abovementioned countries is also noted by the International
Council of Mining and Metals (ICMM) in the recently published report on the “Role of
Mining in National Economies—Mining Contribution Index (MCI) 5th edition” [30]. The
MCI is a composite of four indicators that capture the different aspects of the contribution of
mining to national economies. For 2018, the MCI, which consists of the indicators, “mineral
and metal export contribution in 2018”, “increase/decrease in mineral and metal export
contribution between 2013–2018”, “mineral production value expressed as a percentage of
GDP in 2018”, and “mineral rents as a percentage of GDP in 2018”, was 63.8 for Greece,
51.8 for Poland, and 37.2 for Slovakia [30].

Moreover, according to the 2021 Europe Sustainable Development Report, [31], the
overall SDG Index Score, which measured the progress towards achieving all 17 SDGs
for Greece, Poland, and Slovakia in 2021, was 64.8, 71.0, and 70.0, respectively, on a scale
from 50 to 90 [31]. In terms of the achievement of the SDG that is considered to be the
most important for the sector, additional measures are needed in all of the ESEE countries
that were examined. According to this report [31], significant challenges remain for the
implementation of SDG 9 (Industry, Innovation and Infrastructure) in Greece, but the
country is on track towards the implementation of that goal. The challenges that remain
for the implementation of SDG 7 (Affordable and Clean Energy) in Poland are significant,
considering the present low share of renewable energy in the country’s energy mix, and
additional effort is required in order to ensure that it is on a progressive track for achieving
SDG 7 [31]. From the three ESEE countries that were examined, Slovakia presents the higher
index with regard to the achievement of SDG 6 (Clean Water and Sanitation), with only
some challenges that remain to be resolved, and with the country moderately increasing its
performance towards its achievement [31].

Moreover, and in order for the RM sector to successfully implement the principles of
SD in its practices, it is important to recognise, and to be prepared for, the challenges that
will be faced in the future. On the basis of the industry’s perceptions, digital transformation,
recycling and material chain optimization for end-of-life products, and increased resource
efficiency in mineral and metallurgical processes are considered to be the three more
significant thematic areas that will be faced by the industry in the coming decade.

On the basis of the stakeholders’ views on the presented survey, the strategy for the
cooperation of HEIs and industry is considered critical for the achievement of the SDGs by
the RM sector. The main pathway for the successful implementation of the SDGs by the
sector is education on SD principles, from academic staff to students; the exposure to and
application of those principles by the students in their engineering studies; the knowledge
and awareness of the professional engineers as to the positive and adverse impacts of the
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RM sector on SD and the achievement of the SDGs; and the adaptation of SD practices by
the industries [17,18].

The results of the present study have been taken into consideration in the Action Plan
that was developed within the EnAct-SDGs project for the period, 2022–2025. This Action
Plan will function as a driver for the modernization of RM education practices in order to
ensure: the incorporation of the SD principles into the educational programmes of the ESEE
universities; the strengthening of the university–business cooperation; and the further
development of the skills, and an increase in the capacities, of university graduates and
RM professionals. Nevertheless, it is worth noting that the findings of the survey should be
seen as a first attempt to decode the importance and the challenges of SD for the RM sector.
Future surveys ought to be extended to a larger sample of stakeholders, and they should
also include participants from other countries. In any case, when evaluating the findings of
the stated preference surveys, it should always be taken into account that the reliability of
the results depends on the trust and consistency of the respondents.
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