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Abstract: The Raw Materials (RM) sector is linked to Sustainable Development Goals (SDGs),
impacting their implementation throughout the whole RM value chain (e.g., mining, processing,
metallurgy, recycling, etc.). This study aims to identify and rank the most significant SDGs for this
sector, from the perspective of key stakeholders, academics, university students, professionals, and
industry representatives, in three East and South-East Europe (ESEE) countries: Poland, Greece, and
Slovakia. Within this framework, 423 stakeholders from the above groups provided their views in a
survey with structured questionnaires. The results were analysed, based on the stakeholders’ groups
and the role of the sector in the countries examined. Overall, the SDGs 9-Industry, Innovation, and
Infrastructure-, 8-Decent Work and Economic Growth-, and 7-Affordable and Clean Energy- were
highly ranked by the stakeholders, indicating a strong link between these SDGs and the RM sector.
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1. Introduction

The Raw Materials (RM) sector has a crucial role in the achievement of Sustainable
Development Goals (SDGs) of the United Nations’ 2030 Agenda for Sustainable Devel-
opment [1], as also recognised by the European Union (EU) Member States [2,3]. In the
European report of 2019, Mancini et al. [4] identified the potential impacts of the RM sector
on SDGs for each main phase of the RM supply chain (Extraction, Manufacturing, Final
Use, and End of Life). These impacts, positive or adverse, are largely influenced by factors
such as the performance of the RM companies and the RM sector.

The three central pillars of Sustainable Development (SD), environment, economy,
and society are interconnected through culture, since the national realities, capacities, and
levels of development, as well as specific challenges, influence the achievement of the
SDGs [5]. In this regard, key stakeholders at a national level and their perceptions, play an
essential role in designing strategy and policy frameworks for the achievement of SDGs.
The research on opinions and perceptions of key stakeholders of the RM sector can reveal
important areas for improvement at the national performances regarding the achievement
of the SDGs, since in many EU Countries the RM sector is perceived as an industry that
does not make the required effort to behave responsibly towards society [6].

The successful implementation of the SD principles requires inclusive participation
and effective stakeholder engagement, as recognised by the 2030 Agenda and reported in
literature (e.g., [7,8]). Partnerships can lead to a more deliberate and conscious application
of the SD principles [9]. Collaboration between Higher Educational Institutes (HEIs) and
the industry could bridge the gap between technology, Education for SD, and pedagogy
and help develop aspects of educational programs [10,11]. Thus, representatives from HEIs
and the industry are critical stakeholders for providing and applying the SD principles in
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the RM sector. In particular, HEIs have to incorporate the SD principles in the education
process for the change to be effective and embedded [12,13]. The involvement of the
RM industry in this transformation is imperative, since engineering students consider
the industrial experience highly valuable [14]. Considering the critical role of the above
stakeholders towards the implementation of the SDGs, this study aims to identify and rank
the most significant SDGs for the RM sector, from the perspective of key stakeholders in
three East and South-East Europe (ESEE) countries: Poland, Greece, and Slovakia. Within
this framework, 423 stakeholders from critical groups involved in the RM sector, i.e.,
academic staff, students—future engineers, professional engineers, and representatives from
the industry, provided their views in a survey with structured questionnaires. Based on the
survey data, a comparative analysis of the ranking results within the stakeholders” groups
and the three ESEE countries is presented.

2. Methodology
2.1. Theoretical Framework

The European Commission has linked the 17 SDGs with specific indicators that
monitor the progress towards their implementation in the EU Member States [15]. A
positive contribution of the RM sector to the SDGs can be identified since Raw Material
products are vital to the well-being and prosperity of societies on a larger scale [16]. As
reported by Mancini and Sala [17], minerals, metals, and their industries (RM sector) create
jobs and add value along the supply chains of material goods. On the other hand, adverse
impacts of the RM sector on the SDGs may also exist, mostly when no effective measures
are applied for environmental protection and social cohesion [17]. It is concluded thus that
the whole value chain of the RM sector can have both positive and adverse impacts towards
the implementation of the SDGs, depending on its performance and social responsibility.
Thus, it is important to identify the relationship each SDG has with the RM sector, in order
to design policies and measures to enhance their achievement.

Mancini et al. [4] studied the contribution of the RM value chain to the SDGs, by taking
into account the indicators set for each goal by UN and Eurostat frameworks. The European
Bank for Reconstruction and Development (EBRD) presented its own analysis [18], based
on data collected from “Mapping Mining to the SDGs: An Atlas” [16]. The EBRD analysis
categorised the impacts of the RM sector on SDGs as very direct, moderately direct, and
indirect, having an enhancement or mitigation effect. According to EBRD, the RM sector
has a very direct impact on SDGs 6-Clean Water and Sanitation-, 7-Affordable Energy-,
8-Decent Work and Economic Growth-, 9-Industry, Innovation, and Infrastructure-, 13-
Climate Action-, and 15-Life On Land- [18].

2.2. Research Design and Data

This study analyses survey data, collected within the framework of the EIT Raw
Materials project “EnAct-SDGS-Enhancing the skills of ESEE RM students towards the
achievement of SDGs”, a two-year (2020-2021) EIT Regional Innovation Scheme (RIS).

One of the objectives of the EnAct project was to identify the current challenges faced
by the RM sector and the educational needs in three ESEE countries: Greece, Poland,
and Slovakia, using surveys, interviews, and communications through the EnAct-SDGs
network. The research focused on three HEIs in Greece, Poland, and Slovakia and more
specifically in the School of Mining and Metallurgical Engineering (SMME) of National
Technical University of Athens (NTUA), the Faculty of Mining and Geoengineering of AGH
University of Science and Technology, and the Faculty of Mining, Ecology, Process Control
and Geotechnologies of the public Technical University of Kosice’s (TUKE), respectively.

The aim of the survey was the identification of educational needs and the incorporation
of suitable practices to enhance the development and adoption of Education for SD policies
and strategies in the programmes of the examined universities. For that purpose, four
different questionnaires were prepared in English and translated into Greek, Polish, and
Slovak. The questionnaires were distributed to the key stakeholder groups: academic staff,
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students, and graduates (professionals) from each country’s RM sector. The questionnaires
were available online from June to September of 2020.

The present study analyses the responses of the four stakeholder groups for the ques-
tion “Which of the following SDGs are most important in the RM sector?” The participants
had to choose and rank the five most important goals from the list of 17 SDGs. A scale
from 5 to 1 was used to indicate the range, ranking from extremely important to important,
while the zero value was used to represent the SDGs, twelve of the total of seventeen, that
were not selected as important by the participant.

In total 423 people participated in the online surveys, with 63 from Poland, 114 from
Greece, 188 from Slovakia, and 58 from other countries. This study presents the results
from the three ESEE countries: Greece, Poland, and Slovakia. The collected data from the
different stakeholders were included in a single dataset and analysed. For each SD goal,
the average ranking was calculated per stakeholder group. In addition, the unweighted
average of four stakeholder groups was computed for each country, where the sample
size of each group does not affect the overall average ranking of an SD goal. Moreover,
the classification of EBRD for the type of impact that the RM sector has on the specific
SDGs [18] was used for the interpretation of the results. Thus, the average ranking for each
impact was computed at the country level.

To assess the effect of stakeholder groups on ranking the relevant importance of the
SDGs, the non-parametric statistical test of Kruskal-Wallis was used with a significance
level of 95%. In the next section, the statistics of the Kruskal-Wallis test (critical value—H,
p-value and degree of freedom—dyf) are reported in the cases of significant differences
between the examined groups (when p-value < 0.05).

3. Results

The overall ranking results regarding the significance of SDGs in the RM sector for
Greece, Poland, and Slovakia are presented in Figures 1-3, respectively. The figures include
the 17 SDGs sorted in declining order of significance, based on the unweighted average
of four stakeholder groups for each country. 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 goals for the RM sector, by
all countries.
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Figure 1. Ranking of the significance of SDGs for the RM sector by the Greek stakeholder groups.
The type of RM sector impact on the specific SDGs was codified based on EBRD [18].
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Figure 2. Ranking of the significance of SDGs for the RM sector by the Polish stakeholder groups.
The type of RM sector impact on the specific SDGs was codified based on EBRD [18].
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Figure 3. Ranking of the significance of SDGs for the RM sector by the Slovak stakeholder groups.
The type of RM sector impact on the specific SDGs was codified based on EBRD [18].

The Greek stakeholders ranked SDGs 9-Industry, Innovation, and Infrastructure-,
8-Decent Work and Economic Growth-, 7-Affordable and Clean Energy-, 12-Responsible
Consumption and Production-, and 4-Quality Education- as the most important goals
related to RM sector, with the overall results been presented in Figure 1. In this figure,
the type of impact that the RM sector has on the specific SDGs codified in the EBRD
analysis [18] is also noted. Differences were observed between the stakeholders’ views
for the relative significance of 3 of the 17 SDGs, according to the results of the Kruskal-
Wallis H test. Academic staff assessed SDG 6 -Clean Water and Sanitation- with higher
importance than the other three groups (H = 10.580, p = 0.014, df = 3). Students evaluated
the importance of SDG 7 -Affordable and Clean Energy- with a lower rank than the other
three groups (H = 11.239, p = 0.011, df = 3). Moreover, SDG 12 -Responsible Consumption
and Production- was ranked more highly by the professionals and the representatives of
the industry than the other groups (H = 10.410, p = 0.015, df = 3).

The ranking of the 5 most significant SDGs from the perspective of Polish stake-
holders is the following: 7-Affordable and Clean Energy-, 9-Industry, Innovation, and
Infrastructure-, 12-Responsible Consumption and Production-, 13-Climate Action-, and
8-Decent Work and Economic Growth-, as seen in Figure 2. Statistically, SDGs 7-Affordable
and Clean Energy- and 12-Responsible Consumption and Production- presented significant
differences between the four stakeholder groups, with SDG 7 ranked higher from the
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professionals and the industry (H = 17.865, p = 0.000, df = 3) and SDG 12 assessed with
higher importance from the industry than the other three groups (H = 10.373, p = 0.016,
df = 3).

According to the Slovak stakeholders, the 5 most significant SDGs for the RM sector
are 6-Clean Water and Sanitation-, 8-Decent Work and Economic Growth-, 9-Industry, Inno-
vation, and Infrastructure-, 7-Affordable and Clean Energy-, and 10-Reduce Inequalities-,
with the full results been presented in Figure 3. Only students ranked the importance of
SDG 4 -Quality Education- higher than the other groups (H = 11.001, p = 0.003, df = 3), and
no other statistical differences were observed.

As opposed to the few differences observed among the stakeholder groups in each
country, heterogeneity was recorded between the responses on country level. SDGs 7-
Affordable and Clean Energy- and 13-Climate Action- were evaluated more highly by
Polish stakeholders than the Greek and Slovak ones (H = 9.431, p = 0.009, df = 2 and
H = 30.014, p = 0.000, df = 2). The SDGs 9-Industry, Innovation, and Infrastructure-
and 12-Responsible Consumption and Production- were ranked more highly by Greek
and Polish stakeholders (H = 20.056, p = 0.000, df = 2 and H = 32.530, p = 0.000, df = 2,
respectively). SDGs 5-Gender Equality- and 6-Clean Water and Sanitation-, were ranked
more highly by Slovak participants, quite highly by the Polish participants, and less
highly by the Greek participants (H = 32.777, p = 0.000, df = 2 and H = 38.518, p = 0.000,
df = 2, respectively). Moreover, Slovak stakeholders assessed the SDGs 10 -Reduced
Inequalities- and 11-Sustainable Cities and Communities- with higher importance than the
other stakeholders of the examined countries (H = 50.002, p = 0.000, df =2 and H = 6.326.518,
p = 0.042, df = 2, respectively).

Based on the stakeholders’ views for the three ESEE countries examined, the average
of the ranking of the SDGs based on the type of impact that the RM has on these SDGs,
regarding its directness, indirect, moderately direct, very direct, and their enhancement or
mitigation is presented in Figure 4. The stakeholders from the three countries selected with
a higher frequency as more significant, the SDGs that are directly and positively impacted
by the RM sector activities. Figure 4 also shows that there are significant differences in
the rankings at country level. For example, Greek and Polish stakeholders ranked SDGs
that the RM sector has a moderately direct impact on, higher than SDGs being indirectly
impacted by the sector. In contrast, Slovak stakeholders ranked the SDGs being moderately
directly and indirectly impacted by the RM sector, in a similar way.

Type of Impact
(a) (b)
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12 F 12 4 A
i A
09 & . 09 F A
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* *
03 03 }
0.0 L L 0.0 L L
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Figure 4. Summary of the stakeholders survey results regarding the average significance of SDGs
in the RM sector for the three ESEE countries examined, as per the type of impact: (a) Very Direct,
Moderately Direct, Indirect, and (b) Enhancement and Mitigation, EBRD [18].

4. Discussion—Conclusions

The RM sector has an essential contribution to national and regional economies of
Greece, Poland, and Slovakia. Greece and Poland are countries with long mining traditions,
increased Raw Materials business potential, and leading international mining companies,
while Slovakia has a low to medium mining business potential and the mining sector has
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a lower endowment to its economy than Greece and Poland [18]. Based on International
Council of Mining and Metals data of 2018, the contribution of the mining sector to the
Gross Domestic Product (GDP) (value of metallic mineral and coal production, as percent-
age of GDP) of Greece, Poland, and Slovakia was 1.03%, 2.02%, and 0.02%, respectively [19].
In 2018, the Polish mining and quarrying sector employed 144,900 employees or 0.91% of
the country’s workforce. The respective number for Greece was 7703 and for Slovakia 6777
or 0.21% and 0.27% of the country’s workforce, respectively [20,21].

The overall SDG Index Score, measuring the progress towards achieving all 17 SDGs
for Greece, Poland, and Slovakia in 2020 was 62.0, 69.6, and 68.8, respectively, on a scale
from 50 to 90 [22]. None of the three ESEE countries has so far achieved the SDG their RM
stakeholders considered the most important for the sector. According to the “2020 Europe
Sustainable Development Report” [22], major challenges remain for the implementation
of SDG 9-Industry, Innovation, and Infrastructure- in Greece. In Poland, the challenges
remaining for the implementation of SDG 7-Affordable and Clean Energy- are significant,
and lastly Slovakia is the country closer to the achievement of its top ranked goal, SDG 6
-Clean Water and Sanitation-, with only some challenges remaining [22].

For the achievement of SD in the RM sector, a strategy involving HEIs together
with the industry is very valuable. The diffusion of SD principles from academic staff to
students, the adoption of those principles from students, the knowledge and awareness of
professional engineers, and the application of SD practices by the industries constitute the
main system for the successful implementation of SDGs in the RM sector [12,13].

Having examined the results of the survey, it is concluded that there are significant
differences between the stakeholders on the country level in the ranking of the relative
importance that the specific SDGs have for the RM sector. However, a few differences
in the ranking of the SDGs are observed among the stakeholder groups in each country.
Furthermore, the ranking of SDGs, as documented by the views of the stakeholders,
depends more on the type of impact the RM sector has on these SDGs. The participants
from the three ESEE countries examined, ranked highly the three SDGs, 7-Affordable and
Clean Energy-, 8-Decent Work and Economic Growth-, and 9-Industry, Innovation, and
Infrastructure-, which are directly and positively impacted by the activities of the sector.
Subsequently, the results of the present survey will be taken into account in the Action Plan
developed within the EnAct-SDGs programme, which will act as a driver to modernise the
RM education practices, ensuring the incorporation of the SD principles in the educational
programmes of the ESEE universities, strengthening skills, and increasing the capacity of
university graduates and RM professionals.
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