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Abstract

Purpose Access, affordability, and sustainability of raw materials supply chains are crucial to the sustainable
development of the European Union (EU) for both society and economy. The study investigates whether and
how the Social Life Cycle Assessment (S-LCA) methodology can support responsible sourcing of raw materials
in Europe. The potential of social indicators already available in an S-LCA database is tested for the

development of new metrics to monitor social risks in raw materials industries at EU policy level.

Methods The Product Social Impact Life Cycle Assessment (PSILCA) database was identified as a data and
indicators source to assess social risks in raw materials industries in EU-28 and extra-EU countries. Six raw
materials country-sectors in the scope of the European policy on raw materials were identified and aggregated
among those available in PSILCA. The selection of indicators for the assessment was based on the RACER
(Relevance, Acceptance, Credibility, Ease, Robustness) analysis, leading to the proposal of 9 social impact
categories. An S-LCA of the selected raw materials industries was, thus, performed for the EU-28 region,
followed by a contribution analysis to detect direct and indirect impacts and investigate related supply chains.
Finally, the social performance of raw materials sectors in EU-28 was compared with that of six extra-EU

countries.

Results and discussion Considering the overall social risks in raw materials industries, “Corruption”, “Fair
salary”, “Health and safety”, and “Freedom of association and collective bargaining” emerged as the most
significant categories both in EU and extra-EU. EU-28 shows an above-average performance where the only
exception is represented by the mining and quarrying sector. An investigation of the most contributing processes
to social impact categories for EU-28 led to the identification of important risks originating in the supply chain

and in extra-EU areas. Therefore, the S-LCA methodology confirmed the potential of a life cycle perspective to

detect burdens shifting and trade-offs. However, only a limited view on the sectoral social performance could be
1
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obtained from the research due to a lack of social data.

Conclusions The S-LCA methodology and indicators appear appropriate to perform an initial social
sustainability screening, thus enabling the identification of hotspots in raw materials supply chains and the
prioritization of areas of action in EU policies. Further methodological developments in the S-LCA field are

necessary to make the approach proposed in the paper fully adequate to support EU policies on raw materials.

Keywords raw materials, S-LCA, social risk, supply chain, criticality, indicator

1. Introduction

1.1. EU Policy context

The European Union (EU) was founded on fairness and essential values, including sustainable development and

social inclusion as fundamental objectives (EC - European Commission 2018; 2016; 2015). Current EU policies

and initiatives (EC — European Commission 2016; Mancini et al. 2018) contribute to the 2030 Agenda for

Sustainable Development and the Sustainable Development Goals (SDGs). The SDGs directly and indirectly
tackle social issues, which are often responsible for political conflicts and impediments to an inclusive social and
economic development. The EU has shown its support for the principles of social fairness and inclusion with the

proclamation of the European Pillar of Social Rights (EC — European Commission 2018). In parallel, the impact

of businesses on society has emerged as a fundamental issue, leading to the concepts of Corporate Social
Responsibility (CSR) and -more recently- Business to Society (B2S), as one aspect of CSR. With the B2S
approach, companies have the chance to go beyond a fair and sustainable social performance and, hence, can

create value for the society by contributing to its advancement (Frost & Sullivan 2014). The EU encourages CSR

and B2S in the framework of the 8" goal of SDGs, namely “Promote sustained, inclusive and sustainable
economic growth, full and productive employment and decent work for all”. In fact, through integration of social
and environmental attention in business, companies contribute to better chances for sustainable growth and

employment conditions (EC — European Commission 2017). Furthermore, social responsibility in business

practices is becoming more relevant, considering that several enterprises invest in developing countries or may

import raw materials from high-risk and conflict-affected areas (EU- European Union 2017). Most notably,

social risks in raw materials supply chains have emerged as a major concern in recent years. The responsible
sourcing of raw materials, together with their secure access and affordability, are fundamental issues for a
sustainable development of the EU both for society and economy. European countries highly depend on imports

of raw materials from non-EU Countries, such as China, South Africa, Russia, and Australia. (Blengini et al.
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2017). Therefore, a continuous threat of a supply crisis is posed to the EU due to this dependence and a lack of

alternative materials.

In order to address the multiple challenges imposed by the sustainable sourcing of raw materials, the European
Commission (EC) launched the Raw Materials Initiative (RMI) in 2008. The initiative takes action in the
framework of non-agricultural, non-energy raw materials and is based on three main pillars: (1) access to a
sustainable and fair supply of raw materials from global markets; (2) sustainable conditions within the EU for the
use of European sources to supply raw materials; (3) promotion of recycling to ensure resource efficiency,
increasing secondary raw material supply, and reducing import dependence from non-EU countries. One of the
priorities of the RMI is the identification of Critical Raw Materials (CRM), i.e. raw materials crucial to Europe
because of their economic importance and high supply risk. Due to their technical and economic recycling
potential, CRM are crucial to the Circular Economy strategy which promotes the use of secondary raw materials

(EC — European Commission 2018). According to the Guidelines for establishing the EU list of CRM (EC —

European Commission 2017), the economic importance and governance performance of resource producing

countries are amongst the parameters to calculate the supply risk of materials. In addition, the governance
situation of a country may affect the complex system of interconnected social issues which are often associated
with raw materials supply chains, such as working conditions and local communities” vulnerability. In this
framework, the EU has acted to support transparency in raw materials sourcing, especially in the case of imports

from conflict-affected areas. The EU Regulation on Conflict Minerals (EU — European Union 2017) attempts to

break the bond between conflicts and resources to prevent armed groups from being financed with earnings from
illegal trade of materials. The international reference in this field is the OECD Guidance which aims at helping

companies in undertaking due diligence in minerals supply chains (OECD 2016).

In order to efficiently implement the objectives outlined in the RMI, the European Innovation Partnership (EIP)
on Raw Materials was established in 2012. The EIP promotes collaboration between different stakeholders (EU,
industries, institutions, academia, and NGOs) to achieve the targets set by the EU policy framework on raw
materials. As a monitoring scheme as well as a source of quantitative data for the EIP, the Raw Materials

Scoreboard (RMS) was first published in 2016 and updated in 2018 (EC — European Commission 2016; 2018).

The current version of the RMS contains 26 indicators, with only two of them (“Occupational safety” and
“Sustainability reporting”) referring to social sustainability. Therefore, the discussion and development of
metrics to quantify social issues in raw materials production are crucial to enhance the sustainability of the

sector.
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1.2. Motivation

The present study arose in the context of the update of the first edition of the RMS in the end of 2017 with the
objective of defining new metrics for monitoring the sustainability of the raw materials sector. For this purpose,
the main interest was the assessment of social sustainability performance of EU and extra-EU raw materials
industries and how this could be done in terms of tools and methodologies. Indeed, social risks connected to the
production of raw materials should be assessed in order to seek a socially sustainable supply both from EU and
extra-EU sources. International resources trade may shift social burdens into countries with poorer regulations,
even though EU has a well-established law context on social rights and working conditions (European Labour

Law, EU Occupational Safety and Health (OSH) Strategic Framework 2014-2020).

In the framework of this study, Life Cycle Thinking (LCT) tools can make an important contribution to the
evaluation of the social sustainability of raw materials. Indeed, LCT tools have the capability to identify and
measure impacts associated directly and indirectly (i.e. in the supply chain) to the sector under study and
occurring in different geographic locations. Hence, a crucial role is played by Social Life Cycle Assessment (S-
LCA), which is a methodology to assess social and socio-economic aspects of products together with positive

and negative impacts, real or potential, along their life cycle (UNEP/SETAC 2009).

The research goals can be summarized as following.

- Identify social indicators in existing S-LCA databases as potential quantification metrics for monitoring
social issues in the raw materials sector.

- Evaluate potentials and limitations of the S-LCA methodology to assess the social performance of the
sector, with specific focus on supply chain risks.

- Investigate the potential contribution of the approach used in the study to support EU programmes and

policies towards an increased social sustainability of raw materials, such as in the case of the RMS.

1.3. Current status of LCA in sustainability assessment of resources

“Resource criticality” has emerged as a major concern in policy and research contexts (Graedel et al. 2012; EC-

European Commission 2010; Helbig et al. 2016) with an attempt to address economic importance and supply

risks. In recent years, a number of studies have proposed the application of Life Cycle Assessment (LCA) to
evaluate the impacts and the sustainability performance of the raw materials sector, highlighting the importance

of considering the economic and geopolitical framework when conducting evaluations (Mancini et al. 2015;

Sonnemann et al. 2015). Raw materials and CRM are already included as flows in inventories of most common

4
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databases. Furthermore, as Mancini et al. (2015) emphasise, available impact assessment methods currently

consider some of the criticality aspects, such as resource scarcity and contribution to environmental load.

A recent debate has questioned whether related socio-economic issues should be addressed within environmental

evaluations or social LCA (Mancini et al. 2015; 2013; Klinglmair et al. 2014). So far, environmental LCA

approaches have been more inclined to evaluate the geophysical availability of materials (e.g. with the impact
category “resource depletion”) rather than to investigate the supply security and resource criticality, hence often
excluding geo-political constraints. On the other hand, efforts were made to tackle resource security in
sustainability assessment, investigating how this could be done in terms of methodology. For instance, Mancini
et al. (2018) suggested the inclusion of the economic importance of resources in LCA by using characterization
factors (CFs) to represent supply risk factors in Europe; in particular, the use of the ratio between supply risk and

production data was proposed as CF to describe the size of the market and resource security impact in EU.

The present study aims at contributing to the outlined research context by exploring the S-LCA methodology for
its potential to provide a set of socio-economic indicators useful to detect social issues in specific raw materials

sectors.

2. Methods

2.1. Approach

The study applies the S-LCA methodology to evaluate social risks in selected raw materials industries in EU and
extra-EU. The strengths and weaknesses of S-LCA to support a sustainable EU raw materials supply are

presented and discussed in the article.

Risks were quantified with selected socio-economic indicators further grouped into impact categories. The first
step of the work was choosing the S-LCA database for the assessment between the two currently available:
Social Hotspots Database (SHDB) developed by New Earth and Product Social Impact Life Cycle Assessment
(PSILCA) developed by GreenDelta. PSILCA was selected for the present study due to (1) more recent data
sources, (2) presence of an evaluation schema for data quality, and (3) provision of transparent documentation on
data sources and social risk levels. Once the database was defined, raw materials country-sectors and social
indicators were identified and aggregated among those available in PSILCA, as described in sections 2.3 and 2.4.
An S-LCA of six selected raw materials industries was then performed for the EU-28 region, followed by a
contribution analysis to detect direct and indirect impacts and investigate related supply chains. Finally, the

social performance of raw materials sectors in EU-28 was compared with that of six extra-EU countries to
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highlight common and different risk hotspots. Results are presented and discussed for 1 USD output per raw
materials industry per region under study and include risks deriving from the upstream chain, such as supply
sectors for energy, equipment, and construction materials. The software openLCA was used for performing the
assessment; a cut-off criterion (1E-04) was applied to all calculations to be able to run them in an acceptable

timeframe.

2.2. PSILCA database

PSILCA was identified as a data and indicators source to assess social risks in raw materials industries in
different countries. PSILCA is a transparent database which uses Eora, a multi-regional input/output database, as

a backbone to cover the world economy (Lenzen et al. 2012; 2013). Based on Eora, PSILCA contains

comprehensive inventory information expressed as monetary exchanges for almost 15,000 industry sectors and
commodities in 189 countries. Besides, it includes social indicators for several stakeholders, from workers to
local community, society, consumers, and value chain actors. Regarding these indicators, data is provided as
risks, with a scale ranging from no/very low risk to very high risk. A positive evaluation in terms of opportunities
is also available. Social risks are quantified by the so-called activity variable, i.e. worker hours. Worker hours
represent the time needed to produce 1 USD output of the sector. Social impacts of product systems are
expressed in the case study as medium risk hour equivalents, which specify the observed indicator risk in worker
hours related to its average (medium) risk to produce 1 USD output of the assessed sector. The resulting values
per impact category are the sum of the individual indicator risk levels scaled by the price of the input sectors, the
amount of worker hours of each process, and the characterization factors (CFs). CFs are provided in the database
by the Social Impacts Weighting Method, which contains impact factors for each risk level per indicator (most
commonly, CF very high risk=100; CF high risk=10; CF medium risk=1; CF low risk and no data=0.1; CF very

low risk=0.01).

Regarding social data in PSILCA, most sources used in the database are obtained from recognized official
statistical agencies, such as ILOstat, WHO and World Bank, and from other well-established public or private
sources, such as ICTWSS and the World Factbook. Normalization was applied by the database provider for
social data dependent on the size of the sector and country in order to allow comparisons across different

countries and sectors.

2.3. Sector and country selection and aggregation

Considering that non-energy, non-agricultural sectors are in the scope of the European policy on raw materials
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outlined in Section 1.1, available national sectors in PSILCA were aggregated to reflect the following six biotic

and abiotic raw materials industries in the different EU-28 countries:

- Mining and quarrying

- Manufacture of basic metals

- Manufacture of non-metallic mineral products

- Forestry and Logging

- Manufacture of paper and paper products (here called “Manufacture of paper”)

- Manufacture of wood and of products of wood and cork, except furniture; manufacture of article of

straw and plaiting materials (here called “Manufacture of wood”)

Regarding EU-28, data needed to be aggregated both on regional and sectoral level to represent the selected
industries in the EU-28 region. All PSILCA sectors of the 28 EU countries related to the previously chosen
industries were aggregated in one "EU-28" process per raw materials sector. For this purpose, the PSILCA
sectors were added as monetary inputs for 1 USD output (i.e. all inputs scaled to 1) per selected raw materials
industry. In case of sectoral aggregation, Table 1 shows that input sectors were weighted equally within the
countries (first factor in bold in the “Amount” column). In order to consider the contribution of the different
countries to the European raw materials industry, the country specific share of the total EU production for each
raw materials sector was taken into account and used as a weighting factor for regional aggregation (Eurostat
2017). This was realized with a parameter for each country, as shown by the second factor in the “Amount”

column in Table 1.

In order to compare the social performance between EU and extra-EU areas, the six sectors were identified in
PSILCA also for top raw materials producer countries (Reichl 2016) in five world regions (Asia, North America,
Oceania, South America), beside EU-28. Specifically, China, Australia, USA, South Africa, Brazil, and Russian
Federation. These countries are also among the main EU suppliers of CRM, therefore of strategic importance for
the European security of supply. In the case of the extra-EU countries, only an aggregation on a sectoral level
appeared necessary and was performed as already described for the European countries, i.e. available sectors in
PSILCA were added on the input side (scaled to 1 and weighted equally) of six processes representing each of

the six selected industries.

As no specific information was available in the database for “Forestry and Logging”, “Manufacture of wood”
and “Manufacture of non-metallic mineral products”, data were selected from the “Manufacture of paper” sector

for the first two industries and from “Manufacture of fabricated metal products, except machinery and
7
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equipment” for the latter. These substitutive sectors showed the best information in terms of completeness and
suitability to replace the missing industries in the database. Regarding the “Mining and quarrying” sector, it was
not possible to isolate the non-energy mining industry because social data in PSILCA are reported for the sector

as whole, hence results of the study include the oil and gas sector as well.

2.4. Criteria for indicator and category selection

The selection of indicators and categories for the assessment was first based on the RACER analysis (Relevance,
Acceptance, Credibility, Ease, Robustness of the indicator), already applied to other studies (Best et al. 2008).
Additionally, this analysis was adapted and integrated with other criteria, including the indicator structure, data
quality, and completeness in PSILCA. Table 2 shows the set of final criteria and sub-criteria used for the

indicator selection.

The same weighting factor was assigned to all criteria and the total score for specific indicators was obtained by
summing up the single scores for each sub-criterion. As a result, this approach led to the proposal of 9 impact
categories and related indicators for the social sustainability assessment of raw material sectors in EU and extra-

EU countries (see Table 3). Specifically, the following categories were identified.

- Health and Safety, which assesses workers™ well-being in relation to fatal and non-fatal accident rates,
presence of sufficient safety measures, health damages due to a polluted working environment, and risk
of natural disasters affecting workers.

- Freedom of association and collective bargaining, which refers to the workers™ right to assembly,
protest, and strike.

- Child labour, which reports the risk of children ages 7 to 14 employed in economic activities.

- Fair salary, which assesses whether workers receive “a wage fairly and reasonably commensurate with

the value of a particular service or class of service rendered” (UNEP/SETAC 2013), by considering the

living wage in the country and the minimum and average wages in the sector.

- Working time, which reports the risk of improper (excessive or insufficient) working hours.

- Respect of indigenous rights, which is related to human rights issues faced by indigenous populations.

- Migration, which accounts for international migrants in a country and in different country economy
sectors as well as for the net migration rate. This category may offer insights on risks of discrimination
and potential social conflicts.

- Corruption, which assesses the risk that companies and /or the public sector are involved in corruption

and bribery.
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- Contribution to economic development, which evaluates the contribution of economy sectors to national
GDP as well as the educational context of a country in relation to illiteracy rate and public expenditure

on education.

When calculating results, indicators belonging to the same impact category are aggregated in order to obtain a
single risk value. Within each category, indicators are given the same weighting factor. A full description of the

indicators is available in the PSILCA manual (Eisfeldt 2017).

3. Results

Initially, the social performance of the selected industries was evaluated for the EU-28 region. Social risks in raw
materials production, including the supply chain, were assessed using the indicators previously selected (see
Table 3). Results show that the highest risks for all industries are associated with the impact categories
“Corruption”, “Fair salary”, “Freedom of association and collective bargaining”, and “ Health and Safety”, see
Figure 1. As for the EU-28 raw materials sector performance, “Mining and quarrying” accounts for the highest
risks in all the social categories considered, often with large differences from the other industries. Furthermore,

when the social risks of the three biotic material sectors are analysed for EU-28, “Forestry and logging”

generally displays a worse performance than “Manufacture of wood” and “Manufacture of paper”, see Figure 2.

Following these first results, the contribution of direct and indirect impacts to the overall results was analysed to
identify the share of risks associated with the sector itself (i.e. direct) and those originating from the upstream
supply chain (i.e. indirect). The contribution analysis shows that the upstream chain is often accountable for
social risks in EU-28 raw materials industries to a large extent. By analysing results for the mining and quarrying
sector in more detail, it is possible to highlight that upstream processes in the supply chain contribute more than
90% to most impact categories, see Figure 3. When direct and indirect impacts are investigated for the other
sectors, the supply chain contribution appears to be diminished in comparison with “Mining and quarrying”.
However, social risks deriving from upstream processes represent an important share in all categories, see for

instance Figure 4 for “Forestry and logging”.

Considering that the contribution of the supply chain to overall social risks emerged as an important finding,
further reflections on the geographic distribution and main sources of risks along the upstream chain appeared
necessary. A deeper investigation of the supply chain of different raw materials sectors in EU-28 shows that
significant impacts are originating in extra-EU countries, specifically in Asian countries. For instance, Figure 5
shows that the main social hotspots related to the indicator “Freedom of associations and bargaining rights” for

9
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the sector “Forestry and Logging” in EU-28 are in China. In addition, India and a number of African countries
often resulted as geographic locations for many social risks occurring in the upstream chain of EU-28 raw
materials industries, for example in the case of the category “Fair salary” for the sector “Manufacture of basic
metals” in EU-28, see Figure 6. Regarding the source of risks in the supply chains of the industries under study,
it is possible to identify several recurring social hotspots between sectors and impact categories. Construction
processes in India and China, basic metals and manufacturing in India, and metal products in China can be
identified as the main contributing sectors to overall social risks in European raw materials industries. For
instance, Table 4 shows that most of the top 10 impact contributions to “Fair salary” for “Mining and quarrying”

in EU-28 originate in India and are associated with construction, manufacturing, and metals.

The selected indicators (see Table 3) were finally used to compare the social performance of raw materials
industries between EU and extra-EU countries. Figure 7 reports social risks in raw materials sectors for EU-28
and the six selected extra-EU countries. Due to the sensitivity of the topic, country names are hidden in the
figures and replaced with letters ranging from “A” to “F”. For most countries and social impact categories,
“Mining and quarrying” and “Forestry and logging” often display a poorer social performance in comparison to
the other sectors. Social risks within each sector were compared between EU-28 and extra-EU; for instance,
Figure 8 displays a comparison of the overall social performance for the basic metals manufacturing sector in EU
and extra-EU countries. Similar to EU-28, the highest risks for raw materials industries in extra-EU countries
can be generally associated with the impact categories “Corruption”, “Fair salary”, “Freedom of association and
collective bargaining”, and “ Health and Safety”. On the other hand, risks of excessive or insufficient working
time are negligible for all regions. Furthermore, it is possible to identify country-specific social risk hotspots, i.e.
social categories which emerged as significant only for some of the countries analysed, such as “Child labour”

and “Respect of indigenous rights”.

Considering the overall social risks in raw materials industries in EU and extra-EU, EU-28 shows an above-
average performance. This is particularly evident for “Forestry and Logging”, “Manufacture of non-metallic
mineral products”, and “Manufacture of wood”, regarding the indicators “Freedom of association and bargaining
rights”, “Corruption”, “Fair salary”, and “Respect of indigenous rights”. The only exception is represented by the
mining and quarrying sector. In this case, results are similar to those for extra-EU developing countries with high

risks in the categories “Migration”, “Corruption”, “Health and Safety”, “Working time”, and “Contribution to

economic development”, see Figure 9.

In summary, the use of the S-LCA methodology and selected indicators for the current study enabled the
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following results:

- ldentification of raw materials sectors in EU-28 with the highest social risks among those industries in
scope of the European policy on raw materials.

- Investigation of the supply chains of raw materials industries in EU-28 and quantification of social risks
associated directly (i.e. in the sector itself) and indirectly (i.e. in the upstream chain) to the industrial
branches analysed.

- Geographic localization of the main social hotspots of raw materials sectors in EU-28.

- Comparison of the social performance of raw materials sectors between EU-28 and extra-EU countries

previously defined in the study.

Results are further discussed in the following sections in terms of (1) the suitability (potentials and limitations)
of S-LCA methodology and tools to support a sustainable raw materials supply for the EU and (2) the

interpretation of the outcomes of the study, i.e. quantified social risks, in the EU and extra-EU context.

4. Discussion

4.1. Strength and weakness of the study

The S-LCA methodology and the PSILCA database allowed for the assessment of a wide range of social risks in
selected raw materials sectors. It was possible to identify the most contributing processes and social hotspots,
leading to a quantification and visualization of information both for sectoral assessment and comparison
analyses. Therefore, the potential of a life-cycle-based approach to capture social risks in raw materials supply
chains has clearly emerged. Indeed, the results displayed that social risks in the EU-28 selected industries are
spread worldwide and are often associated with sectors which are input to raw materials production and
manufacturing. Thus, the effort towards a more sustainable raw materials industry can benefit from the
application of tools and methods which are capable to analyse the geographic distribution and most significant
sources of social risks in upstream chains. Furthermore, the present study gave insight into the social
performance of EU and extra-EU regions for the sectors under study by using existing social data and indicators
in PSILCA. The research showed how selected and already available social indicators used in S-LCA can be
further aggregated to propose social categories. These categories may become new quantification metrics to
monitor raw materials sustainability on a policy level. For instance, the RMS currently contains indicators which

are not life cycle based and have a limited focus on social issues.

Social information in PSILCA is clearly the basis of the presented results. The assessment of data quality with
1
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the use of a pedigree matrix (Eisfeldt 2017) and documentation of data sources emerged as a priority, hence
efforts were made towards improving the transparency and traceability of the research. Some impact categories
required approximations and adaptations. Specifically, data for “Child labour” and for some indicators of
“Freedom of association and collective bargaining” and “Contribution to economic development” are not sector-
specific. This implies that differences among national industries regarding social risks measured by non-sector
specific indicators may be due to either different worker hours or monetary inputs to the sector, and not due to a
variation in the risk level. The current inability of such indicators to capture the risk variability among national
economy sectors should be held in regard when interpreting results. Furthermore, one indicator for the
“Corruption” category is based on a data source with low reliability. Table 5 displays the data quality for the
results of the study, evaluated according to five criteria: Reliability of the source(s) (R), Completeness
conformance (C), Temporal conformance (T), Geographical conformance (G), and Further technical
conformance (F). The score given to the results ranges from 1 (best quality) to 5 (worst quality) for each
criterion. The table provides information on data quality as an average of the six sectors analysed in the present
study, although data quality assessment is available for every sector in PSILCA. The categories “Fair salary”,

“Respect of Indigenous rights”, “Contribution to economic development”, and “Migration” present on average a

good data quality.

As for weaknesses deriving from the methodology applied to this analysis, sectoral and regional aggregation of
EU-28 countries could be the main source of uncertainty together with the use of a cut-off for the calculations.
Furthermore, uncertainties related to statistical data from different sources have been remarked in existing
studies (ILO 2017) with reference to possible limitations linked to data quality and gaps. In conclusion, a first
level of uncertainty derives directly from the multi-regional input/output model which is the backbone of the

PSILCA database (Lenzen et al. 2010), for instance regarding the harmonization of different data sources.

4.2. Interpretation and context of results

Many risks in EU-28 raw materials industries originate in non-EU countries, specifically India and China. The
major sources of risks derive from sectors which are an input to resource extraction and manufacturing, such as
the construction and metal manufacturing industries. Given the economic globalization of production, markets
and technologies, developing countries often provide the EU with equipment and parts needed for raw materials
extraction and processing activities. Specifically, “Mining and quarrying”, which displays the worst social
performance among the selected industries in EU-28, sees the highest share of risks occurring in the supply chain
rather than in the sector itself.
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A worldwide high risk of corruption in raw materials industries emerged from the study. Together, the extractive
and construction sectors account for 35% of all foreign bribery cases, resulting those that have been sanctioned
the most according to the OECD Foreign Bribery Report (OECD 2014). In this framework, it is interesting to
note that construction processes in the present research often have large contributions to social risks in supply
chains of European raw materials industries. Overall, the study illustrated that the supply chain has a large
impact on the results for EU-28. However, in the case of some sectors, significant direct social risks can be
identified as well, for example in the category “Health and Safety”. Indeed, sectors which are based on manual
operations and self-employment, such as “Forestry and Logging”, may lack sufficient safety measures to prevent

fatal and non-fatal accidents (EC — European Commission 2018). As for more mechanized sectors in terms of

equipment and machineries, such as “Mining and quarrying”, direct impacts are notably reduced (less than 5% of
overall risks) and the largest share is further caused by upstream processes. Together with “Corruption” and
“Health and Safety”, two other social categories emerged as important from the research for both EU and extra-
EU countries: “Fair salary” and “Freedom of association and collective bargaining”. In the case of “Fair salary”,
the risk of workers not receiving a reasonable and adequate wage is influenced by both the cost of living in the
country and the presence of regulations on minimum wage. Possible discrepancies in regulatory quality of
different countries may exacerbate the social risk of an unfair salary. In addition, inequalities in the distribution
of wealth among diverse society groups and working time may potentially weigh on this social category

(Neugebauer et al. 2017). Developing countries may more often incur income inequalities, which increases the

risks of an unfair salary in the supply chains of European raw materials industries. Furthermore, it may be useful

to highlight that “Fair salary” is the impact category with the best data quality.

The social theme “Freedom of association and collective bargaining” reflects workers’ rights issues which are
often not sector-specific. Indeed, workers™ rights may be affected by the general political situation and respect of
human rights in place in a country. Therefore, an investigation of the country, and often of the local, social, and
socio-economic context, appears important to interpret social risks and identify cause-effect relationships
between risks and “background” situations, i.e. those situations which can exacerbate risks and enhance

opportunities (Di_Noi and Ciroth 2018). On a broader level, as part of the EU methodology to assess resource

criticality (Blengini et al. 2017), World Governance Indicators (WGI) are used in the form of an aggregated

average as a weighting factor for the supply risk associated to a raw materials producer country. Governance and
human rights issues reflected by WGIs may create or influence resource supply risks. Therefore, for a better
interpretation of results of the research, socio-economic and governance situations in extra-EU countries are

investigated by analysing WGIs (World Bank 2016) and the Human Development Index (UNDP 2016), see
13
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Table 6. The aim is to detect if and how social risks may be connected to these situations. A close relation
between social risks and governance and human development conditions is outlined for country A and F. For
these two countries, the highest level of socio-economic and political development corresponds to the lowest
risks for most social categories in all raw materials sectors considered. As for the other countries, it is not
possible to identify a clear correspondence and cause-effect relationship between specific country conditions and

social issues.

5. Conclusions

The study investigated whether and how the Social Life Cycle Assessment (S-LCA) methodology can support
responsible sourcing of raw materials in Europe. The potential of social indicators already available in an S-LCA
database is tested for the development of new metrics to monitor social risks in raw materials industries at EU
policy level. 9 social themes and, consequently, impact categories were identified in the PSILCA database and
used to analyse social risks and hotspots in selected raw materials sectors in EU-28 and non-EU countries,
considering the supply chain. “Corruption”, “Fair salary”, “Health and safety”, and “Freedom of association and
collective bargaining” emerged as the most significant social risks both in EU and extra-EU. Furthermore, an
investigation of the most contributing processes to social impact categories for EU-28 led to the identification of
important risks originating in the supply chain and in extra-EU areas. Especially upstream processes have a
major share in the overall social risks in the EU sector “Mining quarrying”, which also displays the worst social
performance among the analysed EU-28 industries. Considering the resulting widespread distribution of risks at
geographic and supply chain levels, the S-LCA methodology confirmed the high potential of a life cycle
perspective to detect burdens shifting and trade-offs. However, only a limited view on the sectoral social
performance could be obtained from the research because a number of social indicators, such as child labour and
illiteracy rate, only provide information on a country level. Furthermore, regional differences within countries
are not captured by the existing indicators in the RMS 2018 nor could they be detected by the present study, as
S-LCA databases only contain social data per country-sector. Indeed, further efforts should be made to evaluate
social risks at subnational levels in view of regional variability. Therefore, it can be concluded that the S-LCA
methodology and indicators appear appropriate to perform an initial social sustainability screening, by enabling
the identification of hotspots in raw materials supply chains and the prioritization of areas of action in EU
policies. For instance, the approach presented in the study may support resource criticality assessment and the
evaluation of social performance of EU trade partners. Furthermore, due diligence in raw materials supply chains
and fairness in public procurement may benefit from the application of the methodological framework discussed
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in the present article. However, the outcomes obtained with such methodological framework should be further
investigated at a more detailed level, for instance considering the subnational context and weaknesses of the
study. Limitations connected with uncertainties of results and data quality should always be reported in order to

preserve transparency and quality of the outcomes.

Finally, methodological developments in S-LCA could increase the suitability of a life-cycle-based approach and
related indicators already available in S-LCA databases to become monitoring models for social sustainability of
EU raw materials industries. Future outlooks may involve discussions on activity variable, aggregation of social
indicators in social impact categories, and combination of country- and sector-specific social data in databases.
Further research may also address how to assess social risks for secondary raw materials or in other life cycle
stages beyond production, such as use and end of life. Apart from negative social impacts, it would be interesting
to address positive contributions, i.e. opportunities, to social issues deriving from raw materials sectors.
However, this topic is still a matter of debate as there are different and unclear positions on how positive social

impacts should be considered regarding the methodological and conceptual framework (Di Cesare et al.2018).

In summary, the research analysed potentials and limitations of S-LCA indicators and methodologies to
contribute to the challenges of social sustainability in the EU raw materials supply, as a major concern of
European policies in the last years, for instance in relation to the sourcing of materials from conflict-affected
areas. Further methodological developments in the S-LCA field are necessary to make the approach proposed in

the paper fully adequate to support EU policies on raw materials.
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7. Tables

Table 1 Example of regional and sectoral aggregation in EU raw materials processes in PSILCA: some inputs of the process

“EU Mining and Quarrying”

EU Mining and quarrying

Flow Category Amount Unit
Metal ores - SK PSILCA - Products/Slovakia/Commodities 0.5*Perc_SK usD
Other mining and quarrying products - SK PSILCA - Products/Slovakia/Commaodities 0.5*Perc_SK usD
Other mining and quarrying products - Sl PSILCA - Products/Slovenia/Commaodities 0.5*Perc_SI usD
Metal ores - SI PSILCA - Products/Slovenia/Commaodities 0.5*Perc_SI usD
Metal ores - SE PSILCA - Products/Sweden/Commodities 0.5*Perc_SE usD
Other mining and quarrying products - SE PSILCA - Products/Sweden/Commodities 0.5*Perc_SE usD
Iron ore mining - ES PSILCA - Products/Spain/Commodities 0.2*Perc_ES usD
Non-ferrous metal ores - ES PSILCA - Products/Spain/Commodities 0.2*Perc_ES usD
Non-metallic non-energetic ores - ES PSILCA - Products/Spain/Commodities 0.2*Perc_ES usD
Mining of metal ores - ES PSILCA - Products/Spain/Industries 0.2*Perc_ES usD
Other mining and quarrying - ES PSILCA - Products/Spain/Industries 0.2*Perc_ES usD

Table 2 Criteria for indicator and subcategory selection

Relevance criteria
Impact category criteria

Data Quality criteria

Nj@gkwiN e

Relevance for the raw material sectors
Policy relevance and acceptability

Link between the topic of the impact category and the indicators

Impact category comprehensiveness
Basis for indicator risk assessment
Reliability of the data sources

Appropriate geographic and technical resolution of the indicator data
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Table 3 Selected impact categories with respective indicators, their units of measurement, main data sources, and risk assessment scheme (nr: no risk; vlr: very low risk; Ir: low risk; mr: medium
risk; hr: high risk; vhr: very high risk)

Stakeholder | Impact Indicator Unit of measurement Main data sources Risk assessment
category
Health and Rate of non-fatal accidents at Cases per 100,000 employees and ILOstat 2014 0<y<750 - vlr; 750<y<1500 - Ir;
Safety workplace year 1500<y<2250 = mr; 2250<y<3000 - hr;
3000<y > vhr
Rate of fatal accidents at Cases per 100,000 employees and 0<y<7.5 > VviIr ;7.5<y<15 > Ir; 15<y<25 >
workplace year mr; 25<y<40 > hr; 40<y -> vhr
DALYs due to indoor and DALYs per 1,000 inhabitants in the =~ WHO 2009 0=y = nr; 0<y<5 - vlr; 5<y<15 - Ir; 15<y<30
outdoor air and water pollution = country - mr; 30<y<50 - hr; 50<y >vhr
Presence of sufficient safety OSHA cases per 100,000 employees = United States Department of 0<y<100 - vlr; 100<y<300 > Ir; 300<y<600
measures in the sector Labor (USDOL) 2014: - mr; 600<y<1000 > hr; 1000<y > vhr
Occupational Safety and Health
Administration (OSHA)
Workers affected by natural Affected persons as % of whole EM_DAT - The International 0<y<1 > vIr; 1<y<3 > Ir; 3<y<5 > mr;
disasters population between 2012 and 2014  Disaster Database 2015 5<y<10 > hr; 10<y > vhr
Freedom of Trade union density % of employees organised in trade ILOstat 2014 20>y >vhr; 20<y<40 > hr; 40<y<60 > mr;
association and unions 60<y<80~> Ir; 80>y > vlIr
collective Right of Association Score of ordinal scale 0-3 scale University of Amsterdam: 0=No; 1=Yes, with major restrictions; 2=VYes,
bargaining Right of Collective bargaining = Score of ordinal scale 0-3 scale ICTWSS: Database on with minor restrictions; 3=Yes
) Right to strike Score of ordinal scale 0-3 scale Institutional Characteristics of
k) Trade Unions, Wage Setting,
[ . A
S State Intervention and Social
= Pacts in 51 countries between
1960 and 2013
Child labour Child labour, total % of all children ages 7-14 World Bank 2014 0=y > nr; 0<y<2.5 > vlr; 2.5<y<5 > Ir;
5<y<10 - mr; 10<y<20 - hr; 20<y - vhr
Fair salary Living wage, per month UsD Wagelndicator 2014 y<100 - vlr; 100<y<200 - Ir; 200<y500 >
mr; 500<y1000 - hr; 1000<y > vhr
Minimum wage, per month usD 1000<y - vlr; 500<y<1000 -> Ir; 300<y<500
- mr; 200<y<300 - hr; y<200 - vhr;
if Living wage (LW) is available: x=LW/MW,
x<0.5 2> vIr; y>300 AND 0.5<x<0.9 = Ir;
(y<300 AND 0.5<x<0.9) OR (y>300 AND
0.9<x<0.3) > mr; (y<300 AND 0.9<x<1.3)
OR (y>300 AND 1.3<x<1.8) > hr; (y<300
AND 1.3<x<1.8) OR (x>1.8) > vhr;
Sector average wage, per month ~ USD ILOstat 2014 0<y<1 - vhr; 1<y<1.5 > hr; 1.5<y<2 > mr;
2<y<2.5 > 1Ir; 2.5<y > vIr
Working time Hours of work per employee, H 40<y<48 - Ir; 30<y<40 OR 48<y<55 > mr;

per week

20<y<30 OR 55<y<60 > hr; 60<y vhr
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Respect of Presence of indigenous Y/N Wikipedia 2015 No=nr; Yes=mr
indigenous population
rights Human right issues faced by Score ILO 1989: Indigenous Peoples
indigenous people Convention; UN Declaration of
indigenous rights; United y=5 > vir; y=4 > Ir; y=3 > mr;
Nations Department of y=2 = hr; y+1 OR 0 > vhr
9 Economic and Social Affairs
=1 (UN-DESA)
= Migration International migrant workers in =~ % (employed international migrant ILO 2010 Difference x to migrant stock, %
E the sector population related to total employed y=0 > nr
S population) 0<y<2.5 AND x<| 5 | & vIr; 2.5<y<5 AND
= x<| 5| Ir; 5<y<10 AND (x<| 5| OR
z | 5] <y<|10]) > mr; 10<y<20 AND
- (x<]5|OR | 10|<y<|15]) > hr; y>20 AND
x<| 15| > vhr
International Migrant Stock % (of total population) United Nations Department of 0=y = nr; 0<y<2.5 > vIr; 2.5<y<5 > Ir;
Economic and Social Affairs 5<y<10 > mr; 10<y<20 - hr; 20<y - vhr
Net migration rate % (= per 1,000 persons) World Factbook 2014 0=y > nr; 0<y<|2.5| > vIr; 2.5 | <y<]| 5| >
Ir; |5|<y<|10]|> mr; |10 |<y<]|15]> hr;
| 15| <y > vhr
- Corruption Public sector corruption Score (Corruption Perception Index = Transparency International 100>y>85 > vir; 84>y>75 > Ir; 74>y>65 >
= score of the country) 2012 mr; 64>y>55 >hr;
o= 55>y > vhr
< § Active involvement of % of sector- related cases out of all ~ OECD 2014 0<y<3 > vlr; 3<y<7 > Ir; 7<y<11 > mr;
c_>u enterprises in corruption and registered foreign bribery cases 11<y<14 - hr; 14<y > vhr
bribery
Contributionto  Contribution of the sector to % of GDP UNSTAT 2015 0<y<I = no opportunity; 1<y<10 - low
economic economic development opportunity; 10<y<25 - medium opportunity;
development 25<y - high opportunity
Public expenditure on education = % of GDP World Bank 2014 0<y<2.5 = vhr; 2.5<y<5 > hr; 5<y<7.5 > mr;
7.5<y<10 > Ir; 10<y > vir
. Adult illiteracy rate (15+ years), = % of male population UNESCO 2014 0<y<1 > vir; 1<y<4 > Ir; 4<y<8 > mr;
k] male 8<y<15 - hr; 15<y > vhr
§ Adult illiteracy rate (15+ years), = % of female population

female

Adult illiteracy rate (15+ years),
total

Youth illiteracy rate, male
Youth illiteracy rate, female
Youth illiteracy rate, total

% of total population

% of male population, 15-24
% of female population, 15-24
% of total population, 15-24
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Table 4: Top process contributions to “Fair salary” in the ““Mining and quarrying” sector in EU-28 (FS=Fair Salary)

Name Category Impact result Unit

Fair salary - Mining and quarrying, EU 28 9.37109 FS med risk hours
Construction - IN India / Industries 0.49113 FS med risk hours
Construction - IN India / Commodities 0.47825 FS med risk hours
Non-ferrous basic metals - IN India / Industries 0.25078 FS med risk hours
Other service activities - IN India / Commodities 0.23176 FS med risk hours
Non-ferrous basic metals - IN India / Commodities 0.22159 FS med risk hours
Manufacturing - IN India / Industries 0.19093 FS med risk hours
Other service activities - IN India / Industries 0.18793 FS med risk hours
Trade - IN India / Commodities 0.17839 FS med risk hours
Health - CN China / Commaodities 0.1783 FS med risk hours
Manufacturing - IN India / Commodities 0.15911 FS med risk hours

Table 5: Data quality assessment for the results of the study. Legend: Reliability of the source(s) (R), Completeness conformance

(C), Temporal conformance (T), Geographical conformance (G), and Further technical conformance (F)

Country Impact subcategory Average data quality among sectors
R C T G F

Australia Child labour, total 2 4 5 4 5
Australia Contribution to economic development 2 2 2 1 3
Australia Corruption 4 3 1 1 3
Australia Fair salary 1 2 1 1 1
Australia Freedom of association and collective bargaining 2 2 4 1 5
Australia Health and Safety (Workers) 1 2 1 3 2
Australia Migration 1 2 2 1 2
Australia Respect of indigenous rights 2 3 1 1| na
Australia Working time 2 2 2 1 2
Brazil Child labour, total 2 4 4 2 5
Brazil Contribution to economic development 2 2 2 1 3
Brazil Corruption 4 3 1 1 2
Brazil Fair salary 2 3 1 1 1
Brazil Freedom of association and collective bargaining 2 2 4 1 5
Brazil Health and Safety (Workers) 1 2 2 3 2
Brazil Migration 2 3 3 2 4
Brazil Respect of indigenous rights 2 2 1 1| na
Brazil Working time 2 2 3 1 2
China Child labour, total 2 4 5 4 5
China Contribution to economic development 4 4 3 3 3
China Corruption 4 3 1 1 4
China Fair salary 2 3 1 1 1
China Freedom of association and collective bargaining 2 3 3 1 4
China Health and Safety (Workers) 2 2 2 3 3
China Migration 3 3 3 3 4
China Respect of indigenous rights 2 2 1 1| na
China Working time 2 2 5 1 2
EU Child labour, total 2 4 5 3 5
EU Contribution to economic development 2 2 3 1 3
EU Corruption 4 3 1 1 2
EU Fair salary 1 2 1 1 1
EU Freedom of association and collective bargaining 2 2 4 1 5
EU Health and Safety (Workers) 1 2 2 3 2
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EU Migration 2 2 4 1 2
EU Respect of indigenous rights 2 3 1 1| na
EU Working time 2 2 1 1 2
Russia Child labour, total 2 4 4 4 5
Russia Contribution to economic development 2 2 3 1 3
Russia Corruption 4 3 1 1 2
Russia Fair salary 2 3 1 1 1
Russia Freedom of association and collective bargaining 2 2 4 1 5
Russia Health and Safety (Workers) 1 2 1 4 2
Russia Migration 1 2 2 1 4
Russia Respect of indigenous rights 2 3 1 1| na
Russia Working time 2 2 4 1 2
South Africa Child labour, total 2 4 5 1 5
South Africa Contribution to economic development 2 2 2 1 3
South Africa Corruption 4 3 1 1 3
South Africa Fair salary 2 3 1 1 1
South Africa Freedom of association and collective bargaining 2 2 5 1 5
South Africa Health and Safety (Workers) 2 3 4 2 3
South Africa Migration 2 2 3 1 3
South Africa Respect of indigenous rights 1 2 1 1| na
South Africa Working time 2 3 4 1 3
United States Child labour, total 2 4 5 4 5
United States | Contribution to economic development 1 2 3 1 3
United States | Corruption 3 3 1 1 3
United States | Fair salary 1 1 1 1 1
United States | Freedom of association and collective bargaining 2 2 4 1 5
United States | Health and Safety (Workers) 1 2 1 4 2
United States | Migration 1 2 2 1 4
United States | Respect of indigenous rights 2 3 1 1| na
United States | Working time 2 3 3 1 3
Table 6: Human Development Index and World Governance Indicators referred to countries Ato F
World Governance Indicators (2016)**
Human
Political Stability
Development | Voice and Government Regulatory Rule of | Control of
and absence of
Index* Accountability Effectiveness | Quality Law Corruption
violence/terrorism
A | 0.939 1.3 0.96 1.58 1.9 1.75 1.77
B | 0.754 0.47 -0.45 -0.18 -0.21 -0.08 -0.44
C | 0.738 -1.62 -0.52 0.36 -0.26 -0.22 -0.25
D | 0.804 -1.21 -0.89 -0.22 -0.42 -0.80 -0.86
E | 0.666 0.64 -0.13 0.27 0.21 0.07 0.05
F | 0.920 1.1 0.35 1.48 1.50 1.67 1.33

* Human Development Index combines three dimensions (A long and healthy life; Education index; A decent
standard of living) and ranges from 0 (lowest) to 1 (highest) development level
**Estimate of governance ranges from approximately -2.5 (weak) to 2.5 (strong) governance performance
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8. Figure and Table captions

Table 1 Example of regional and sectoral aggregation in EU raw materials processes in PSILCA: some inputs of
the process “EU Mining and Quarrying”

Table 2 Criteria for indicator and subcategory selection

Table 3 Selected impact categories with respective indicators, their units of measurement, main data sources, and
risk assessment scheme (nr: no risk; vir: very low risk; Ir: low risk; mr: medium risk; hr: high risk; vhr: very high
risk)

Table 4: Top process contributions to “Fair salary” in the “Mining and quarrying” sector in EU-28 (FS=Fair
Salary)

Table 5: Data quality assessment for the results of the study. Legend: Reliability of the source(s) (R),
Completeness conformance (C), Temporal conformance (T), Geographical conformance (G), and Further
technical conformance (F)

Table 6: Human Development Index and World Governance Indicators referred to countries Ato F

Figure 1 Social risks in different raw materials industries in EU-28

Figure 2 Contributions of three biotic raw materials sectors to total social risks of biotic raw materials
production in EU-28

Figure 3 Relative direct (from mining industry in EU-28) and indirect (from upstream chain) contributions to
final social risks of EU-28 “Mining and quarrying” sector

Figure 4 Relative direct (from forestry and logging industry in EU-28) and indirect (from upstream chain)
contributions to final social risks of EU-28 “Forestry and logging” sector

Figure 5 Main social hotspots (locations) regarding the risk of a limited freedom of association and collective
bargaining of “Forestry and Logging” in EU-28 (screenshot from openLCA). Top 3 contributing locations:
China, Poland, Germany

Figure 6 Main social hotspots (locations) for the category “Fair salary” of “Manufacture of basic metals” in EU-
28 (screenshot from openLCA). Top 3 contributing locations: India, Germany, China

Figure 7 Social risks of selected raw materials production sectors in EU-28 and extra-EU countries

Figure 8 Social risks regarding “Manufacture of basic metals” sector in all selected countries and in EU-28
region

Figure 9 Social risks regarding “Mining and quarrying” sector in all selected countries and in EU-28 region
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Figure 1 Social risks in different raw materials industries in EU-28
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Figure 2 Contributions of three biotic raw materials sectors to total social risks of biotic raw materials production in EU-28
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Figure 4 Relative direct (from forestry and logging industry in EU-28) and indirect (from upstream chain) contributions to
final social risks of EU-28 “Forestry and logging” sector

Figure 5 Main social hotspots (locations) regarding the risk of a limited freedom of association and collective bargaining of
“Forestry and Logging™ in EU-28 (screenshot from openLCA). Top 3 contributing locations: China, Poland, Germany

Figure 6 Main social hotspots (locations) for the category “Fair salary” of “Manufacture of basic metals™ in EU-28
(screenshot from openLCA). Top 3 contributing locations: India, Germany, China
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Contribution to

Freedom of

Child labour, B . . association and |Health and Safety| . N Respect of N N
Sector economic Corruption Fair salary N Migration - N Working time
total collective (Workers) indigenous rights
development .

A Forestry and Logging 0.043 0.156 0.615 2.508 2.575 1.267 3.716 1.842 0.020
A f: of basic metals 0.096 2.745 1.927 3.120 2.826 0.947 1.545 0.835 0.011
A Manufacture of non-metallic mineral
products 0.011 1.514 1.072 2.642 2.457 0.295 3.465 1.708 0.017
A of paper and paper products 0.057 1.271 1.142 3.025 3.097 0.384 3.732 1.889 0.023
A Manufacture of wood and of products of
wood and cork, except furniture;

of articles of straw and planting
materials 0.080 0.188 1.063 2.967 3.117 0.561 3.247 1.660 0.021
/A Mining and Quarrying 0.137 4.748 3.131 4.337 3.646 1.056 1.657 0.828 0.010
B Forestry and Logging 0.016 0.326 10.858 10.787 10.381 6.717 0.026 0.184 0.018
B Manufacture of basic metals 0.068 1312 11.832 9.012 8.807 6.591 0.113 0.272 0.016
B Manufacture of non-metallic mineral
products 0.039 1.194 10.319 8.329 7.795 1.699 0.032 0.123 0.017
B Manufacture of paper and paper products 0.059 0.130 11.772 10.593 9.821 3.681 0.094 0.292 0.033
B Manufacture of wood and of products of
wood and cork, except furniture;

of articles of straw and planting
materials 0.054 0.286 7.940 6.652 6.537 5.721 0.168 0.890 0.019
B Mining and Quarrying 0.290 0.876 14.133 11.338 11.023 4.642 0.050 0.180 0.018
C Forestry and Logging 4.264 4.191 42.700 60.495 47.432 38.231 0.066 0.901 0.218
C of basic metals 1.279 0.702 12.910 14.339 14.337 4.699 0.051 0.277 0.031
C Manufacture of non-metallic mineral
products 1.505 0.678 15.118 23.442 16.788 2.758 0.055 0.328 0.047
C of paper and paper products 1.763 0.440 17.674 18.930 19.663 3.394 0.080 0.409 0.032
C Manufacture of wood and of products of
wood and cork, except furniture;

of articles of straw and planting
materials 1.510 0.608 15.149 16.077 16.863 2.732 0.040 0.356 0.046
C Mining and Quarrying 2.297 2.847 23.307 25.740 25.863 4.384 0.081 0.497 0.041
EU28 Forestry and Logging 0.064 0.324 1.489 1.889 2.395 2912 0.366 0.065 0.021
EU28 of basic metals 0.017 1.148 1.531 1.392 2.023 1.931 0.345 0.060 0.016
EU28 Manufacture of non-metallic mineral
p 0.010 0.339 1.689 1.169 1.838 0.730 0.438 0.068 0.019
EU28 Manufacture of paper and paper
] 0.049 0.898 0.995 1.380 1.869 0.758 0.430 0.109 0.017
EU28 Manufacture of wood and of products
of wood and cork, except furniture;

of articles of straw and planting

0.007 0.119 1.131 1.112 1.408 1.647 0.430 0.059 0.018

EU28 Mining and Quarrying 0.362 10.592 14.389 9.371 11.371 11.173 5.465 0.896 0.134
D Forestry and Logging 0.094 0.645 7.418 8.012 0.966 0.265 0.104 0.081 0.073
D Manufacture of basic metals 0.189 4.583 18.771 14.795 3.361 4.517 0.438 0.287 0.118
D Manufacture of non-metallic mineral
] 0.183 1.420 21.882 16.725 1.739 1.133 0.532 0.165 0.119
D Manufacture of paper and paper products 0.588 3.900 6.353 6.152 5.943 1.131 0.671 0.251 0.027
D Manufacture of wood and of products of
wood and cork, except furniture;

of articles of straw and planting
materials 0.192 1.485 18.683 16.748 2.164 8.761 0.584 0.188 0.148
D Mining and Quarrying 0.160 18.752 8.354 11.961 9.047 1.921 0.438 0.187 0.025
E Forestry and Logging 16.511 4.847 22.367 23.122 6.229 31.102 0.284 0.320 0.027
E Manufacture of basic metals 3.482 13.413 9.016 11.014 6.200 6.336 0.169 0.469 0.015
E Manufacture of non-metallic mineral
] 12.090 1.646 16.529 13.916 2.226 14.450 0.047 0.160 0.018
E f e of paper and paper products 11.039 3.123 14.388 15.236 3.967 14.852 0.141 0.226 0.022
E Manufacture of wood and of products of
wood and cork, except furniture;

of articles of straw and planting
materials 12.794 5.222 19.185 19.952 6.278 24.134 0.303 0.291 0.023
E Mining and Quarrying 8.378 4.951 14.128 12.006 3.653 12.363 0.068 0.162 0.015
F Forestry and Logging 0.013 0.286 0.245 3.823 3.821 1.466 0.381 3.666 0.031
F Manufacture of basic metals 0.020 1.148 1.035 4.383 4.241 1.858 0.438 3.605 0.025
F Manufacture of non-metallic mineral
products 0.006 0.279 0.264 3.384 3.376 0.395 0.365 3.241 0.019
F of paper and paper products 0.004 0.218 0.189 2.954 2.999 0.456 0.318 2.838 0.022
F Manufacture of wood and of products of
wood and cork, except furniture;

of articles of straw and planting
materials 0.001 0.196 0.138 3.254 3.277 1.214 0.340 3.230 0.021
F Mining and Quarrying 0.039 0.725 1.940 4.086 3.981 0.858 0.429 3.354 0.027

Figure 7 Social risks of selected raw materials production sectors in EU-28 and extra-EU countries
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Figure 8 Social risks regarding “Manufacture of basic metals’ sector in all selected countries and in EU-28 region
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Figure 9 Social risks regarding “Mining and quarrying” sector in all selected countries and in EU-28 region
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