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Abstract

Purpose The automotive industry and its suppliers have been facing increasing challenges in the sustainable sourcing of raw
materials on environmental and social levels. To identify social risks in the value chain of aluminum in the automotive sec-
tor, this study aimed to examine how a generic hotspot analysis based on S-LCA can be conducted and support the reporting
according to new legislative requirements such as the German Act on Corporate Due Diligence Obligations in Supply Chains.
Methods This study investigated the social risks in the supply chains of two selected aluminum components of an aluminum
company using a generic social hotspot analysis based on the UNEP Guidelines for Social Life Cycle Assessment of Products and
Organizations 2020. The study employed the generic PSILCA® database and different additional indicators for the assessment. The
UNEP Guidelines 2020 used in combination with the associated methodological sheets were beneficial in structuring the proce-
dure within the social hotspot analysis. They gave the inexperienced user a guide, which led to the results presented in this work.
Results and discussion A high number of social hotspots in upstream processes outside Europe across the different investigated
indicators for both supply chains assessed were detected. Most social risks were identified in Guinea, as well as in a European and an
Asian Country in the stakeholder categories “Workers™ and “Local community.” Especially, the alloy element production in the Asian
Country and the bauxite mining in Guinea showed an above-average number of social hotspots. The implementation of the work was
associated with an enormous effort in information collection about the supply chains to be investigated and depended on the direct sup-
pliers’ willingness to contribute. The need for a safe and supporting environment for suppliers to enhance transparency was identified.
Conclusions Combining generic and company data to conduct a social hotspot assessment (e.g., using PSILCA®) to meet
legislative requirements proved to be a suitable approach for complex supply chains such as the automotive one. Despite
this, limitations of the PSILCA® database and potential for improvement were acknowledged regarding industry-wide social
assessments of supply chains. Additionally, the study serves as an application example of the UNEP Guidelines 2020 and the
activity variables for science in practice. Further development and standardization of social indicators and activity variables
for impact measurement were identified as a research priority.
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1 Introduction German Act on Corporate Due Diligence Obligations in

Supply Chains (Bundestag 2021) strengthens the need for

In an increasingly complex economic world, the sustainabil-
ity requirements for companies are growing among various
stakeholders, customers, NGOs, and administrations. The
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cooperation in risk assessments, transparency, and taking
actions in the worldwide supply chains regarding environ-
mental risks and human rights as of 2023. The act provides
regulations for due diligence obligations, responsibility for
the supply chain, external reviews, and the protection of
human rights. It addresses a company’s own business area,
its direct contract partners, and indirect suppliers. Related to
human rights, the focus is on child labor, forced labor, slav-
ery, occupational health and safety, freedom of association,
discrimination, fair salary, harmful soil change, pollution,
unlawful seizure of land, and security forces. At present,
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the knowledge about the processes along the supply chains
is often limited to the well-known in-house processes and
direct suppliers. The consideration of social aspects in the
entire value chain, which is possible by carrying out a social
life cycle assessment (S-LCA), is not common practice yet.

Aluminum is an essential raw material for the automotive
industry and was the focus of this study. Assessing the social
risks of aluminum production considering the supply chain
is crucial as it is linked to various social risks. Bauxite
mining operations, for example, can be responsible for
partial deforestation of primary rainforests in countries
like Guinea, Ghana, and Brazil, causing the endangering
of indigenous rights and local populations in these regions
(Burger 2014; Vasters and Franken 2020; Fouche 2021).
The mining operations can also degrade rivers and streams
around the mining areas and mine dust from material
handling operations, crushing, blasting, drilling, and haul
roads can cause nuisance and aesthetics to the mine workers
(Keita 2020). When processing bauxite to alumina in the
Bayer process, red mud is generated as a waste product,
leading to social and environmental issues due to its high
alkalinity and the potential of tailing dam failure (Sushil
and Batra 2008; Bruschi et al. 2021). Last, due to smelting
operations in the Hall-Héroult process, heat stress can
occur and inhalation hazards represent the most common
mechanism for potentially injurious exposure in primary
aluminum production. The symptoms of cough, wheezing,
rhinitis, and the quantifiable presence of obstructive or
restrictive lung disease are at the center of consideration
in the aluminum industry (Martin and Lariviere 2014;
Wesdock and Arnold 2014).

Even though the other pillars of sustainability
(environmental and economic aspects) were considered
recently in studies from the aluminum sector (Luthin et al.
2021; Milovanoff et al. 2021; Schiessl et al. 2021), only one
S-LCA of aluminum profiles for windows was found (Di
Giorgio et al. 2022). The authors did not find any S-LCA
study on the aluminum value chain in the automotive sector
which was the motivation for this study.

This study tested the possibility of determining the social
risks of a complex product and supply chain using a social
hotspot analysis based on the UNEP Guidelines for Social
Life Cycle Assessment of Products and Organizations 2020
(UNEP 2020). Social hotspots on the country and sector
level of two advanced aluminum components in an electro-
mobility product were assessed in cooperation with the com-
pany producing the components. One component consists
of high purity primary aluminum and the other component
consists of an aluminum alloy made entirely of secondary
material. A social hotspot in this study was defined as a loca-
tion or process in a life cycle in which social risks or social
issues occur concerning the previously defined subcatego-
ries. Defined stakeholder categories, impact categories, and
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social indicators of the PSILCA© database V2 were used.
PSILCA® was chosen as it is based on the structure of the
Methodological Sheets for Sub-Categories in Social Life
Cycle Assessment (UNEP 2013). The data was obtained
from interviews with the direct company’s suppliers, lit-
erature research, the generic PSILCA® V2 database, and
questionnaires specially developed for this work to query
the entire aluminum supply chains with the help of the direct
suppliers. The social hotspot analysis was intended to con-
tribute to the practice-oriented application development of
social risk assessment along the often very complex sup-
ply chains in the automotive industry related to customer
requirements and legislation (Karlewski et al. 2019). It can
help to concretize future process and system requirements
around social sustainability in the supply chains. Moreover,
the study showed the importance of using S-LCA as a sup-
porting tool for addressing social due diligence according to
the German Act on Corporate Due Diligence Obligations in
Supply Chains (Bundestag 2021).

2 Aluminum

Aluminum is the most abundant metallic element in the
earth’s crust and one of the most significant metals used
in modern technologies (Kvande 2011). Due to its physical
properties, aluminum can be used in a wide range of appli-
cations. With its lightweight and good processability, it is
used in modern automotive products, in the aviation indus-
try, or in further transportation systems (Menzie et al. 2010).
Depending on its intended application, aluminum is formed
into different semi-manufactured goods processed at the end
of the value chain into finished goods. For every 4 to 6 kg
of bauxite (ore), which is considered a critical raw material
in the European Union (EU) and that comes with economic
relevance as well as with environmental and social supply
chain risks, approximately 2 kg of alumina and resulting of
this 1 kg of primary aluminum is produced (Wesdock and
Arnold 2014). The connected process steps can include add-
ing alloying elements, casting the metal into shapes, rolling
the metal into sheets, drawing the metal into wire, or extrud-
ing the metal to produce different shapes. Figure 1 indicates
the worldwide karstic and lateritic bauxite deposits.

In addition to producing primary aluminum from alu-
minum oxide through electrolysis, secondary aluminum
is produced by processing aluminum scrap and production
wastes into usable secondary aluminum (Menzie et al. 2010;
Mahinroosta and Allahverdi 2018). In Europe, the total use
of secondary materials in aluminum production is over 50%
(Luthin et al. 2021). The need for only 5% of the energy
required for primary production is the most important ben-
efit of aluminum recycling (Wallace 2011; Zimring 2016;
Luthin et al. 2021).
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Lateric bauxite mining area

Karstic bauxite mining area

Fig.1 Map of the worldwide karstic and lateritic bauxite deposits changed and translated after Vasters and Franken (2020)

3 Social life cycle assessment

Life cycle thinking is a concept for the identification of
impacts of products along their supply chains and their
whole life cycle. Life cycle assessment (LCA) was first
developed as a standardized method for analyzing and
measuring the environmental impact of products along
their life cycle (ISO 2006). Based on this, S-LCA was
developed to assess the potential positive and negative
social and socio-economic impacts of products and ser-
vices across their life cycle (Mancini et al. 2018; UNEP
2020). In 2009, the UNEP/SETAC Life Cycle Initiative
published the first guidelines for S-LCA which were
updated in 2020 (UNEP 2020).

S-LCA assesses the impacts generated on relevant stake-
holders along a product’s life cycle. It includes the definition
of scope and goal, a social life cycle inventory analysis, a
social life cycle impact assessment (S-LCIA), and the inter-
pretation of the results (UNEP 2020). The iterative approach
allows the goal and scope to be adjusted and modified during
implementation to accommodate changing conditions and
newly added data (Werker et al. 2019). Based on the defined
system boundaries, relevant data is collected in the social
life cycle inventory process. Here, the material flows and
further information on the investigated system, required for
the following S-LCIA, are collected. During the S-LCIA,
potential social risks and benefits are linked to the social
life cycle inventory results and calculated using the meth-
odological framework. Two kinds of impact assessments

of S-LCA exist: the reference scale approach (Type I) and
the impact pathway approach (Type II). The reference scale
approach focuses on the social performance of activities in a
product system based on reference points (e.g., sector aver-
age, targets, norms). The impact pathway approach focuses
on the consequences and long-term implications of activi-
ties using causal or correlation-based relationships between
the product system’s activities and resulting social impacts
(UNEP 2020). In the final step of an S-LCA, the results are
interpreted, and further measures and recommendations are
derived (Werker et al. 2019; UNEP 2020).

Precise site-specific data of the different process loca-
tions along the value chains are required to apply S-LCA
in the context of product assessments. A hotspot analysis
can also be applied if there is no such information about
the process sites available or if a more generic overview
of social risks is required (Thies et al. 2019). Depending
on the approach and social indicators considered, a social
hotspot is defined as a specific region where positive, prob-
lematic, or risky situations can occur (UNEP 2020). Spe-
cifically, databases are used to assess country and sector-
based social risks to analyze social hotspots at a generic
level. The currently available social databases are the
Social Hotspot Database (SHDB) and the Product Social
Impact Life Cycle Assessment database (PSILCA®). The
database used in this study was PSILCA® V2 published by
GreenDelta Gmbh. It includes the stakeholders and subcat-
egories identified in the old version of the Methodological
Sheets (UNEP 2013).
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Applications of the UNEP Guidelines for S-LCA or
hotspot analyses have been steadily advanced since the first
publication, and the methods have been applied in various
sectors (UNEP 2020). The implementation areas range
from the assessment of textile supply chains (Martin and
Herlaar 2021) over complex supply chains of the Li-ion
battery industry (Thies et al. 2019) to raw material or sector-
specific studies (Mancini et al. 2018; Werker et al. 2019).
Karlewski et al. (2019) noted in their paper on S-LCA in
the automotive industry that S-LCA studies with company-
specific data are also feasible in an industry with complex
suppliers. According to Karlewski et al. (2019), the main
difficulties and limitations in the automotive industry are
the standardization of indicators, the lack of knowledge
about applied processes in the supply chains, and the lack
of experience in interpreting the S-LCA outputs.

4 Methodology

To identify social risks in the aluminum value chain, a social
hotspot analysis based on the Guidelines for Social Life
Cycle Assessment of Products and Organizations (UNEP
2020) was conducted for two different aluminum products.
OpenLCA® and the social risk indicator database PSILCA®
V2 from 2017 developed by GreenDelta GmbH were used in
this study. The study was conducted in cooperation with the
company producing the aluminum components (last supply
chain actor within system boundaries) that provided relevant
data and process information.

4.1 Case study

Together with the company, requirements were defined
to identify two relevant and suitable aluminum products
whose social risk assessment was most favorable for the
company in terms of the importance of internal and exter-
nal communication:

1. The products had to be part of an electromobility pro-
ject because rising requirement pressure on questions of
social aspects is expected from the automotive manufac-
turers in the future.

2. The products should preferably be in series production,
or production starts in the future.

3. Inthe best case, an environmental LCA has already been
completed to tackle a further dimension of sustainability
with the social hotspot analysis.

4. The products and suppliers must be approved for the
project by the respective category manager.

5. The supplier had to agree to participate in the project
and to answer the supplier questionnaire.
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Based on the requirements, the study focused on the rotor
of an asynchrony electric motor as part of an OEM (original
equipment manufacturer) drive system, which serves as a
drive unit for the movement of an electric car. The rotor
itself is the moving part of the electric motor. The fixed
stator around the rotor generates a rotating magnetic flux in
its copper windings and permanent magnets, closing via the
rotor. A circumferential force is created in the rotor through
the asynchronous rotation of the magnetic flux compared
to the rotor, which causes the rotor to rotate. Within the
rotor, two aluminum components with two different func-
tions were analyzed, enabling in their interaction the func-
tion of the rotor and consequently of the drive unit. The
first considered component, “High purity aluminum”, was
the rotor cooling system’s die-casted aluminum around an
iron squirrel cage. The high purity aluminum is cast around
the iron squirrel cage through a die-casting process. The
iron inside the cage was not examined in this work. The
used aluminum has high purity and good conductivity, ena-
bling the internal rotor cooling via convective heat discharge
(Doerr et al. 2019). For one casting process, 2 kg of pure
aluminum is needed, with 1 kg being used in the product,
and 1 kg being production waste (intended to be added back
to the die-casting process). Due to its high purity, the pur-
chased aluminum ingots need to originate from primary
aluminum. The second considered component, “Balancing
disks”, consists of two aluminum alloy balancing disks on
both ends of the rotor that prevent the rotor system from
unbalancing while rotating. The weights of the balancing
disks are approximately 0.2 kg. Both consist of secondary
aluminum alloy. Secondary material is used in this product
since the chemical composition is irrelevant to achieving
the function and it is much more cost-effective than pri-
mary aluminum. Furthermore, the alloying elements in the
secondary aluminum ensure better machinability in further
processing (Cui and Roven 2010). After producing the rotor
with its aluminum components in the company’s assembly
line, the rotor is delivered to the OEM side for further pro-
duction steps. In this phase of the project, each category is
delivered by one individual supplier.

4.2 Data collection from suppliers

To not disclose or jeopardize business relationships, the
selected suppliers were used anonymously in this study.
They were referred to by the names “Supplier 17 for the
category “Balancing disks” and “Supplier 2” for the cat-
egory “High purity aluminum.” In cooperation with com-
pany experts in materials technology, a questionnaire was
created based on the processes within the system boundaries
of primary and secondary aluminum production to query
information for the respective product, sub-suppliers’ loca-
tion of production, and mass balance information.
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To motivate the suppliers to participate, the first section
explained the background and purpose of the study. In addi-
tion, an overview of the advantages the supplier could gain
from answering the questionnaire for future legislation, such
as the German Act on Corporate Due Diligence Obligations
in Supply Chains (Bundestag 2021), was given. It was com-
plemented by a disclaimer, which assured the supplier that
the data was used anonymously. The second section included
a glossary of terms used in the questionnaire to ensure the
completion was facilitated. Furthermore, the supplier was
shown examples from fictitious supply chains to prevent
any queries that may arise. In the last section, the required
information was collected from the supplier. In addition to
general information on location and contact addresses, spe-
cific information on the internal manufacturing processes of
the queried product and additional supply chain actors was
requested. The query of the supplier network was mandatory
at the country and sector level. This approach was chosen so
that suppliers would see the collaboration as a confidence-
building measure in the mutual business relationship and not
reject the requests as overwhelming. The information from
the questionnaire was used to supplement the supply chain
outlined by literature research.

4.3 Functional unit and system boundaries

The functional units for the chosen products described ear-
lier were “Balancing disks” with the function of prevent-
ing unbalancing of the rotor and the die-cast “High purity
aluminum” with the function of magnetic field conduction
and rotor cooling.

For reasons of confidentiality, several countries were
anonymized according to the respective continent to ensure
the company’s anonymity: European country (EC), Asian
country (AC), African country (AfC), North America (NA),
and South America (SA). Countries that do not reveal the
identity of the company are named in the study.

Each of the two components, “High purity aluminum” and
“Balancing disks,” have separate supply chains, which unite
in the company’s production plants in EC3. For this reason,
in addition to the fact that “High purity aluminum” involves
high purity aluminum and the “Balancing disks” consist of a
secondary aluminum alloy, two reference flows were used.
All impacts were related to 1 t of the component “High purity
aluminum” and 1 t of “Balancing disks”. The sourced materi-
als were each assigned a monetary value per ton per process.
Due to the confidentiality agreement with the suppliers, the
values and prices determined are not presented in this paper.

A cradle-to-gate approach was used in the study. The
system boundaries, as shown in Fig. 2, included all rel-
evant manufacturing processes required to produce the two
selected components and the rotor itself. The component
“Balancing disks” is made of aluminum scrap from EC1

and EC2 with additions of the alloying elements silicon
and magnesium from ACI and copper scrap from AC2.
The processes were divided into the final assembly of
the balancing disks at the company’s plant in EC3, the
chip removal process at the plant in EC1, the die casting
production of the alloy bars at “Supplier 1” in AC2, and the
casting of the alloy as aluminum ingots at the direct supplier
of “Supplier 1.” The production process of magnesium
and silicon alloying elements in AC1 was not included
in the product system and only the country of origin was spec-
ified. For the scrap and alloying elements, information on the
maximum use in the process was given in percent. After the
foundry process, the secondary aluminum ingots are delivered
to “Supplier 1.” The ingots are first melted and then pressed
into the required shape by a die-casting process. After the die-
casting process, the surface is treated. CNC machines remove
the remaining production residues before leaving the plant in
AC2 towards the company’s plant in EC1. The component
“High purity aluminum” was produced entirely from primary
aluminum. The primary aluminum route was composed of
bauxite mining, further processing into alumina, and the sub-
sequent electrolysis process, including the associated foundry
processes. In the case of high purity aluminum, ingots were
supplied by the trader “Supplier 2”. The electrolysis, respec-
tively, the direct supplier of “Supplier 2” of the material, took
place in EC4 through nine different alumina suppliers based in
Europe and South America. The alumina producers received
the bauxite from different mines, mostly in the same countries
as their refiners. The high purity aluminum provided by “Sup-
plier 2 was further processed at the company’s plant in EC3,
in the aluminum die-casting process, and was assembled at
the exact location as a component in the end product, the rotor
of the electric motor.

The main in- and outputs of the product system were
defined as transport efforts between the locations, water and
energy usage, waste production like red mud in the refin-
ery process, emissions, and specified inputs for the two alu-
minum production routes (Liu and Wu 2012; Keita 2020).
The specified inputs for the aluminum production were
limited to the used cryolite and carbon anodes for the elec-
trolysis process and the carbon anodes for the secondary alu-
minum production process (Bergsdal et al. 2004; Vasters
and Franken 2020). Chemicals used in the refinery process,
the fuels, and the equipment for the bauxite mining,
respectively, for transport, and the scrap collection processes
were identified as additional inputs in the system. Waste
and emissions could be considered outputs of the system in
addition to the aluminum products. The additives required
for the respective process steps, such as chemicals and
carbon anodes, energy flows, transport effort, and the waste
produced, were not included due to the low information den-
sity from the suppliers and for reasons of limitation. Aluminum
scrap collection was also not considered.
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Fig.2 Product system of the rotor produced with the two supply
chains of the functional units “High purity aluminum” and “Balanc-
ing disks.” Processes given in the yellow box were included in the

4.4 Stakeholder categories, subcategories,
and indicators

The Methodological Sheets for Subcategories in Social Life
Cycle Assessment (S-LCA) (UNEP 2021) were the starting
point for selecting stakeholder categories, subcategories, and
indicators for the social hotspot assessment that were relevant
for the unit processes included in the system boundaries. The
final choice was based on the relevance of the company’s own
code of conduct and supplier code of conduct, the require-
ments of the SAQ 4.0 (Sustainability 2021), customer require-
ments on human rights due diligence in the supply chain, and
legal requirements, such as from the German Act on Corpo-
rate Due Diligence Obligations in Supply Chains. The latter,
for example, addresses child labor, forced labor, slavery, occu-
pational health and safety, freedom of associations, discrimi-
nation, fair salary, harmful soil change, pollution, unlawful
seizure of land, and security forces (Bundestag 2021). The
stakeholder category workers, value chain actors, society,
and local community were chosen for the study. Twelve
related subcategories were assessed by 22 social indicators
(mainly taken from the methodological sheets), whereby the
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system boundaries. The green box indicates the company’s position
within the supply chain

assignment of the social indicators to the respective subcat-
egory varies between one and three social indicators.

Table 1 shows the stakeholder categories, subcategories,
and social indicators with the units considered in this study.
In addition, the data quality scores using the quality indica-
tors from the pedigree matrix with 1 indicating the best and
5 indicating the worst data quality (covering reliability, com-
pleteness, time, geography, and technology) (Eisfeld 2017).

4.5 Modelling and social hotspot evaluation process

The next step was to allocate the information about the
product systems and their boundaries to the social indicators
from the PSILCA® database on sector and country level.

Activity variables display the process activities that can
be assigned to the process output. In this study, the activity
variables used were sector-based worker hours provided in
the PSILCA® database. In PSILCA®, the worker hours are
linked to 1 USD of process output using the following for-
mula given in Eisfeldt (2017):

Unit labor costs

Worker hours =
Mean hourly labor cost (per employee)
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with Unit labor costs =

Compensation of employees (in USD per country — specific sector and year)

Gross output (in USD per country — sector and year)

In simpler terms, the number of worker hours reflects
how many labor hours per USD are required to complete a
production step in a specific sector (UNEP 2020).

Medium risk hours are the equivalents for specific social
risks in the PSILCA® database. The more worker hours are
worked in a sector and the higher the likelihood for local
social risk, the higher the number of medium risk hours in a
sector respectively the regarded supply chain. The medium
risk hours are provided and calculated by PSILCA®, which
specify the observed indicator risk related to its medium
risk to produce 1 USD output of the assessed sector.

Additionally, when considering value chains, the medium
risk hours can also be offset against the monetary outputs of
the respective value creation levels. This offsetting makes it
possible to calculate a weighted distribution of social risks
based on the monetary output on a sectoral level (Eisfeld
2017; Mancini et al. 2018).

All information available in PSILCA® V2 (Eisfeldt 2017)
about the selected stakeholders, their impact categories,
and the associated social indicators were assigned to the
individual supply chain actor in OpenLCA by selecting a
sector-specific process in the respective country. The most

Table 1 Overview of all ® Data quality assessment for the social indicator
o R ) Selected Indi .
indicators considered in the PRILER = Completen;l a{":::}t)ora Geograp | Further
analysis with their selection o Reason for Selection || Reliability | ™ " | hical [technical
Lo . SH | Subcategory [Social Indicator of
criteria and the respective data source conformanc| conform |conforma] conform
. © e ance nce ance
quality based on the PSILCA
pedigree matrix assessment. . Children in employment, Zero To]ctancc—.l) olicy of
P - Child labor total [%] customers’ requirements in 2 4 4
The indicators marked with German Due Diligence Act
were evaluated by the authors i
£ this stud di to th [Zero Tolerance-Policy of
o 18 study according to the Forced labor Frequency of forced labor |[customers’ requirements in 2 3 2
pedigree evaluation [per mil] (German Due Diligence Act
Ratio of the PSILCA® [Zero Tolerance-Policy of
. Indicator Sector average ~ [[customers’ requirements in
Fair salary wage, per month and German Due Diligence Act NA NA NA NA NA
26, P
Living wage, per month
[Zero Tolerance-Policy of
L Hours of work per empl., [lcustomers’ requirements in
Working t ’ 2 2 2 2
” oring time per week [h] German Due Diligence Act
4
o
- T
5 Women in the sectoral |Zero Tolerance-lP olicy Ofl 2 2 2 P
z Discrimination |12bor force [ratio] customers’ requirements in
German Due Diligence Act
Gender wage gab [%] 2 4 2
Fatal accidents at
workplace [n/yr and 100k |70, Tolerance-Policy of 2 2 2
H&S empl ] everal customers’
DALYs* [Daily rate] requirements in German Due 2 4
o Diligence Act
Workers ‘atfected by 5 5 4
natural disasters [%]
Right of Association 4 4
[score] Zero Tol Policy of
Right of Collective ero o'erance- ! 9licy o
. L several customers 4 4
Workers rights [Bargaining [score] . .
- - requirements in German Due
Right to Strike [score] Diligence Act 4 4
Trade Union Density [%)] 2 2 4
Presence of anti- Requirements of company’s
. . . . Policies, Code of Conduct,
.2 |Fair competition |competitive behavior [per . 2 2 2
g ., 10k empl.] land the Supplier Code of
'5 8 - (Conduct.
ﬁ 2 Public sector corruption Requirements of company’s 4 3 NA
§ Corruption | Active Invol . Policies, Code of Conduct,
P ctive Involvement in land the Supplier Code of 2 2 2 2 3
corruption and bribery [%] Conduct.
B Presence of Indigenous Potential of wide range 2 3 NA
= E Respect of  |rights [y/n] lbauxite mining actives in
S ; - . -
g £| Indigenous . . (sub-) tropical regions with
= E rights Lﬁiliznzzs[:):ggi: Rights presence of Indigenous 2 3 NA
&} opulati
pulations.
External Indi sets*:
Soci B . Risk of supply estimation for
ty |Risk of conflicts Fragile state index [Index] the company 2 2 NA
>
B EPI: Total performance of .
i £ |Safe apq healthy country [Index] [Zero Tolex:a.nce-.Pollcy of‘ 2 3 NA
Q
£ living - customers’ requirements in
- E conditions  |EPI: Drinking water (German Due Diligence Act
O coverage [%] 2 3 NA
EPI: Sanitation coverage
[%] 2 2 NA
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equivalent sectors were selected for each process and its
specific country. If there was no directly matching sector
for a process in PSILCA®, the next most similar sector was
selected (e.g., for bauxite mining in Brazil, the iron min-
ing sector in Brazil was selected). When interpreting the
results, it was essential to note that not all the social indica-
tors provided were related to the respective sector and were
partially extrapolated or only provided on the country level.
This circumstance was considered by evaluating the social
indicators’ data quality.

In the results, two different evaluation methods were used
for the stakeholder categories and the associated indicators.
On the one hand, the medium risk hours described were used
for “workers,” as these represent the potential social risks
for workers most accurately. On the other hand, medium
risk hours were not used for “local community,” “value
chain actors,” and “society.” The indicators for the above
stakeholder categories were primarily based on country
level. An assignment of these indicators to sector-specific
worker hours would thus lead to a misrepresentation of the
risk potential. Hence, the approach of direct quantification
of indicators in PSILCA®'s life cycle calculation developed
by Maister et al. (2020) was used here.

Since PSILCA® offsets the worker hours per USD output
specific to each sector and country with the assigned social
indicators, it was necessary to assign a monetary input and
output to each sector-specific value created in PSILCA®
to calculate the medium risk hours for “workers”. Two
approaches were adopted in the step of weighing the mon-
etary output of each process with the respective social indi-
cators. In the first approach, weighted values from the analy-
sis of the output of each supply chain process were used.
The weighting was done in each case with the determined
market prices per 1 t of material. The monetary output was
then allocated against the worker hours, giving a weighted
distribution of social risks for the respective value chain in
the form of medium risk hours. The other method used an
unweighted approach. In this approach, each process was
attributed to an output of one USD regardless of how much
value was created at each value chain level. This method
did not aggregate the medium risk hours output based on
monetary values in PSILCA® and provided an unweighted
comparison of the social indicators of the different countries
and processes. The medium risk hours of the two weighting
methods were presented in the results.

For the stakeholder category “Workers” results, a risk
matrix was developed by the authors, which was used to
show the correlation between sector-specific worker hours
and the likelihood of the potential occurrence of the respec-
tive social indicator. This diagram represents a visualiza-
tion of the unweighted medium risk hours calculation, i.e.,
the combination of the likelihood of a social risk with the
respective worker hours for one USD of the sector. Figure 3
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gives an overview of the steps of the social indicator analysis
in this study.

5 Results and discussion

5.1 Worker

Figure 4a shows the weighted medium risk hours (MHRs)
based on the monetary output of the same processes—showing
significant differences. The highest value was found for
“AC1 Mg-Processing” (112.6 MRHs), directly followed by
“EC2 Al-Tense scrap” (111.23 MRHs). For the weighted
results, the contribution of the gender wage gap besides fair
salary and child labor became a relevant contribution. The
distribution of the MRHs for women in the sectoral labor
force was about equal in all processes considered. Figure 4b
indicates the unweighted MRHs of the eight supply chain
actors from “Balancing disks.” The process “AC1 Mg-
Processing” resulted in 5.36 MRHs when not weighted. The
main contributors were fair salary and child labor. The sec-
ond highest score was about 85% smaller and was found for
“ACI Si-Processing” (0.75 MRHs), where fair salary and
child labor each approximately contributed half. The MRHs
of the remaining processes ranged from 0.06 to 0.16.

For “High purity aluminum,” the process “AfC1 Min-
ing (Bauxite)” (Guinea) obtained the highest value (8.75
MRHs) when not weighted, mainly due to DALY, fair sal-
ary, and child labor (Fig. 5b). The next lowest value, about
30% smaller, was found for “EC5 Mining (Bauxite)” (6.20
MRHs), almost equally composed of women in the sectoral
labor force and gender wage gap. Also “NA Refinery (Al-
Oxide)” showed a higher risk (2.80 MRHs) than the remain-
ing processes (0.67-0.10 MRHs). When weighted, it was
notable that the process “EC4 Smelting (Electrolysis)” was
weighted much higher than the other processes in this supply
chain with (902.87 MRHs), mainly because of the gender
wage gap. The distribution of the total value for the required
raw materials bauxite and aluminum hydroxide to the supply
chain actors of mining and refinery led to significantly lower
MRHs in the weighted consideration.

Matrices were developed by the authors to visualize
potential social hotspots. Exemplarily, Fig. 6 shows the ratio
of worker hours to the indicator children in employment,
total. For “Balancing disks,” the processes from AC2 and
AC1 are plotted in the red social hotspot area and the pro-
cesses from AC2 are plotted in the medium risk range. For
“High purity aluminum,” the processes from “AfC1 Min-
ing (Bauxite)” and EC6 are plotted in the red social hotspot
area. “SA2 Mining (Bauxite)” (Guyana) had a children in
the employment rate of over 10% but a lower value for the
worker hours and was plotted in the special focus area. “NA
Mining (Bauxite)” and “NA Refinery (Al-Oxide),” “AfC2
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Fig.3 Overview of the steps to perform the social indicators analysis

Mining (Bauxite)” (Suriname), “SA1 Mining (Bauxite)”
(Brazil) and internal processing in EC3 were in the medium
risk area. However, the medium risk located processes rep-
resented only a small proportion of the MRHs. The MRHs
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in this supply chain for the indicator children in employment
were dominated by bauxite mining in Guinea, representing
the highest value with 38% of working children between
7 and 14 years. Here, it needs to be noticed that processes
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Fig. 4 Aggregated medium risk hours in the “Balancing disks” supply chain for the social indicators of the stakeholder category worker
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Fig.5 Aggregated medium risk hours in the “High purity aluminum” supply chain for the social indicators of the stakeholder category worker.

N.B. Mining refers to bauxite mining and refinery refers to Al-Oxide

with very high MRHs shares could suppress the potential
social risk identification of countries. The risk matrix helps
to indicate that the shares for child labor of the processes in
EC6 and Guyana were also indicated as a social risk.
Across both supply chains, the processes in AC1, EC2,
EC6, Guinea (AfC1), and Guyana (SA2) were in the area of
a social hotspot for child labor. According to (Vasters and
Franken 2020), artisanal mining methods rarely exist in the
bauxite mining sector, and bauxite mining is only profitable
through large-scale industrial mining using heavy equipment
(Bergsdal et al. 2004). A low occurrence of child labor was
expected for the industrial mining processes in EC6 and

+ Die Casting = Ingots = Alloy Materials

0,03 = AC2

0,025

} N .---
0015

0,01

Workers hours [h]

0,005

--
o .

0 25 5 75 125 17,5
Balancing disks: Children in employment, total [%]

‘Worker hours [h]

Guinea (AfC1). The assumption was also confirmed by the
recent report of the non-governmental organization Human
Rights Watch on bauxite mining which did not allege any
child labor in this area (Wormington and Bugalski 2021).
No social hotspot was identified for frequency of forced
labor for “Balancing disks” while the AC2 processes fell
into the medium risk range. This distribution, however,
was not detected in the unweighted MRHs as the values
of the two AC1 processes showed an increased number of
MRHs due to their higher number of worker hours. For the
weighted assessment, due to the higher monetary output, this
distribution changed (Fig. 7). For “High purity aluminum,”
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Fig.6 “Child labor, total” indicator values and worker hours of the two supply chains analyzed. Green indicates low risk areas, yellow indicates
medium risk areas, and red indicates high risk areas. The dashed areas indicate the intermediate areas between two risk levels
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Fig. 7 “Frequency of forced labor” indicator values and worker hours
(left) and MRHs (right) of the “Balancing disks” supply chain. Green
indicates low risk areas, yellow indicates medium risk areas, and red

no social hotspot was found for frequency forced labor. The
mining process in Guinea (AfC1) and the mining and refin-
ery process from EC6 showed a medium risk.

No social risk in both supply chains was identified for
hours of work per employee, per week for both supply
chains. Except for the working hours in the process in EC2
and the EC1 processes for “Balancing disk™ that indicated
low risk, all other processes were in the medium risk range.
For “High purity aluminum,” only Guyana was on the bor-
derline of the medium risk range. A similar distribution was
detected for the unweighted MRHs for both supply chains.

For women in the sectoral labor force in the supply
chain “Balancing disks,” the two processes located in EC1
revealed a social hotspot due to the general risk of unequal
occupation for men and women in the respective country.
Except for the copper recycling process in AC2 (medium
risk), all other processes showed no risk. When unweighted,
the processes from EC1 and the AC2 copper recycling made
up the highest proportion. The distribution of the without
social risk was roughly similar. For “High purity aluminum,”
social hotspots were found for the mining sector in Guinea
and ECS5 while the mining sector in EC5 dominated the dis-
tribution of the unweighted MRHs.

For the gender wage gap, no information was avail-
able for several countries. The processes in AC2 and EC1
for “Balancing disks,” however, revealed social hotspots
(except for the die casting process (AC2, medium risk)).
The processes in EC1 had the highest average percent-
age pay gap for women compared to men. The high value
for the company’s internal machining process was also
reflected in the unweighted MRHs while the copper recy-
cling process in AC2 had the lowest MRHs. For “High
purity aluminum,” all processes indicated a social hotspot.
The distribution of the available values suggested a ten-
dency for a gender wage gap of 20-30%. The high value of
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48.53% in the EC5 mining sector should be considered an
extreme value that requires a more detailed investigation
as the average salary gap in EC5 was around 8% accord-
ing to the EU Report 2014 (Boll and Lagemann 2018). In
2014, the average salary gap between women to men was
14.1% in the EU and 20.1% in EC1 (Boll and Lagemann
2018). It could be concluded that the identified pay gaps
were not a typical phenomenon for the sectors in this sup-
ply chain but rather a global task for society to close the
pay gap between women and men.

Social hotspot for fatal accidents at workplace of the
supply chain “Balancing disks” was the process of copper
recycling in AC2 with 15.01 fatal accidents at the workplace
per year and 100 k employees. It formed the highest pro-
portion of the weighted and unweighted MRHs. For “High
purity aluminum,” the processes in European countries over-
all showed no risk. The Brazil and Guinea mining sectors
had values in the medium risk area. The mining sector in
Suriname was the outlier in this indicator with a value of 33
fatal accidents per hundred thousand workers per year. The
constellation of the three processes in Guinea, Suriname,
and Brazil also represented the most significant proportions
within the unweighted MRHs. It should be noted that social
hotspots in Suriname, Brazil (SA1), and AC2 should only
be used with reservation as these indicators were already
more than 5 years old when the database was created in 2017
(Eisfeldt 2017).

Fairy salary in the supply chain “Balancing disks” sowed
a medium risk for the AC1 silicon processing and EC2 recy-
cling sectors. Only “AC1 Mg-Processing” indicated a social
hot spot area. The remaining processes from AC2 and EC1
were placed in the no risk area. This distribution could also be
seen in the unweighted MRHs. For “High purity aluminum,”
“NA Refinery (Al-Oxide)” revealed a social hotspot. “NA
Refinery (Al-Oxide)” had the highest value of unweighted
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and weighted MRHs. Except for the mining process in NA
(medium risk), all processes were in the no risk range. For fair
salary, PSILCA® used the calculation of the ratio between
the two indicators, sector average wage, per month and living
wage, per month. When calculating the unweighted MRHs for
“High purity aluminum,” the increased number of MRHs for
the mining process in Guinea was noticeable which was not
covered by the position of Guinea in the risk matrix. Thus, an
error in the calculation of MRHs for the process in Guinea by
PSILCA® was assumed. This again demonstrated the need to
regard risk factors from at least two perspectives.

Workers’ rights were analyzed separately from the worker
hours. For the AC1 processes in the “Balancing disks” sup-
ply chain, the values for the right of association and the
right to strike indicated social hotspots. The same applied
to the AC2 copper recycling process, where the right of col-
lective bargaining and the right to strike were in the red
social hotspot area. The other processes mainly revealed no
social risk with medium risk exceptions for Brazil (SA1) and
AC2 (Table 2). The subcategory did not represent a reliable
source of information with an inferior data quality basis.
Also Mancini et al. (2018) refrained from using the workers’
rights information from PSILCA® in their work because of
the low data quality. However, the results of these indicators
were included for completeness.

5.2 Society

The external fragile state index (Messner and Fiertz 2019)
was used to assess the conflict risks of the countries in

which the manufacturing processes took place. It evalu-
ated the processes using the risk classification of Mancini
et al. (2020) as shown in Fig. 8. Only the countries EC1
and EC7 revealed no risks in both supply chains. EC4 and
EC8 showed a medium risk while the remaining countries
indicated social hotspots. The country with the highest index
value was Guinea (AfC1) in the “High purity aluminum”
supply chain (97.4).

For internationally operating companies, it is essential to
have an overview of the vulnerability of the countries and
societies in their supply chains regarding the risk of state
fragility to react quickly to changing political developments
if necessary. In this study, 10 out of 16 countries indicated
social hotspots for the fragile state index. In the case of the
most fragile country of both supply chains in the index, a
military-led coup against the current president occurred
while conducting this work (Akinwotu 2021). Therefore, this
incident was an excellent example of the potential impact
of political instability on commodity markets (FT 2021).
This index can help make purchasing and investment deci-
sions. Nevertheless, the influence of an individual company
in regions without any production facilities of their own or
direct purchasing agreements was to be considered marginal.

5.3 Value chain actors

For presence of anti-competitive behavior or violation
of anti-trust and monopoly legislation mining processes
(Bauxite) as well as refinery processes (Al-Oxide) in EC1,
EC6, and NA were identified as social hotspots. In the

Table 2 Social hotspots for Right of Right of
“workers’ rights” for both Location Process in the supply chain association bc:rlé:?:i\;eg Right to strike
Supply chains. 1 indicates the Europe (EC1) Chip removal 3 3 3
highest risk (major restrictions), 2 Asia (AC2) Die casting 2 2
T . £ Asia (AC2) Ingot production 2 2 2
. . . =
and 3 ln(.hc.ateb the lowest risk = Europe (EC2) Al tense scrap NA NA NA
(no restrictions) g Europe (ECI) Al taint tabor 3 3 3
% Asia (AC2) Copper scrap 2 1 1
=] Asia (AC1) Metallic silicon 1 2 0

Asia (AC1) Magnesium 1 2 0

Europe (EC3) Die Casting 3 3 3

Europe (EC1) Trader 3 3 3

Europe (EC4) Electrolysis 3 3 3

Europe (EC5) Refinery 3 3 3

Europe (ECI) Refinery 3 3 3

South America,

Brazil (SA1) Refinery 3 2 2
= Europe (EC6) Refinery NA NA NA
= North America
E (NA) Refinery NA NA NA
E Europe (EC8) Refinery 3 3 3
= Europe (EC7) Refinery 3 3 3
g Europe (EC5) Bauxite Mining 3 3 3
2 Africa, Guinea
g , . .

Iy (AfC1) Bauxite Mining NA NA NA
= South America, . ..

Brazil (SA1) Bauxite Mining 3 2 2

Europe (EC6) Bauxite Mining NA NA NA

North America Bauxite Minin NA NA NA
(NA) uxite g
Africa, Suriname . ..
(AfC2) Bauxite Mining NA NA NA
South America, . .
Guyana (SA2) Bauxite Mining NA NA NA
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Fig. 8 Results of the indicator “Fragile state index”

country-specific analysis of public sector corruption in only
two countries in both supply chains—EC7 (73%) and EC1
(83%)—had values in the medium or no risk range (Fig. 9).
All other countries indicated social hotspots. The worst-
performing country was Guinea (AfC1, 27%). In the area of
active involvement in corruption and bribery identified on
sector level, the Brazil (SA1) and EC5 mining sectors per-
formed the worst, each with a 19% share. Except for the EC1
trade sector (4%), the other sectors in both supply chains
reached values of 8%.

Regarding Guinea (AfC1), the most negative outlier in
both supply chains, the statement on high public sector
corruption was confirmed by literature sources, especially
regarding bauxite mining in Guinea (Knierzinger 2014;
Wilhelm and Maconachie 2021). The negative example of
Guinea showed that the country-based indicator on public
sector corruption in combination with literature research
could provide detailed insights into processes taking place
in countries if data sources were available. The subject area
of the indicator presence of anti-competitive behavior was
only covered for all values by extrapolation from U.S. sec-
tors to global process-specific sectors. Overall, mining pro-
cesses perform poorly. Since extrapolation was made from
the US mining sector to the worldwide mining sectors, all
figures were approximately the same. Due to the similar
values, it was difficult to derive risks in the supply chain
for this indicator.
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5.4 Local community

In terms of respect of indigenous rights, no country indi-
cated social hotspots as shown in Table 3. Contrary to our
results, Rorato et al. (2020) demonstrated that mining in Bra-
zil (SA1) is driving massive deforestation in virgin forest
areas and is supported by the Brazilian government. It is sig-
nificantly increasing the vulnerability of indigenous popula-
tions through expanded exploration activities. The report on
the threat posed to local people in Guinea (AfC1) by certain
bauxite mines also showed the increased risk that bauxite
mining could pose (Wormington and Bugalski 2021). These
examples strengthened that mere reliance on indicators pro-
vided by databases should never be used as the single source
of decision-making. Verification by external independent
literature sources or reports was crucial in this case.

In terms of environmental aspects and the related impact
categories pollution level, drinking water coverage, and
sanitation coverage, errors were found in the raw data pro-
vided by PSILCA. Hence, the external Environmental per-
formance index (EPI) indicator was chosen as the pollution
level substitute (Wendling et al. 2020). The drinking water
and sanitation coverage indicators also listed in the EPI were
used. In the overall EPI, AC1 (37.3%), EC2 (49%), AC2
(42.6%), Guyana (SA2, 35.9%), Suriname (AfC2, 45.2%),
NA (48.2%), and EC6 (45.4%) were placed in the hotspot
range. Guinea's environmental performance (AfC1, 26%)
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Fig.9 Results for the indicator “Public sector corruption” with the
assigned risk evaluation of PSILCA®

was significantly lower than that of the other countries in the
hotspot area. EC3 (63.7%), EC4 (68.2%), EC8 (74.8%), EC7
(72.8%), and EC5 (69.1) were all in the medium risk range.
EC1 performed best in the overall performance with 77.2%.

The EPI total score combined with the results from the
sanitation coverage and drinking water coverage indica-
tors revealed a tendency to derive potential environmental
hazards due to company activities, as literature sources and
reports on Brazil and Guinea countries confirmed (Keita
2020; Fouche 2021; Wormington and Bugalski 2021). More-
over, it should be noted that the red mud generated during
alumina production poses a tremendous environmental risk
if not properly processed (Sushil and Batra 2008).

5.5 Overall findings

For “Balancing disks,” a total of 7 social hotspots were iden-
tified for the workers and 10 for “High purity aluminum.”
For the fragile state index, 3 of 4 actors were identified in
the social hotspot area in the secondary route and 7 of 11
actors were identified in the primary one. For the EPI, the
secondary route also indicated 3 out of 4 actors in the social
hotspot area while the primary route came up with 5 out
of 11 actors. For the indicators of the value chain actors,
similar distributions as for the fragile state index emerged.
In both supply chains, processes in AC1 and Guinea (AfC1)
were most frequently in the social hotspot range across all
stakeholder categories. While more social hotspots for “High
purity aluminum” route were found, the percentage of social
hotspots in the’Balancing disks’ route was higher across all
processes. This is because of the shorter supply chain of the
“Balancing disks” (beginning on the Tier 4 supplier level).
For this supply chain, seven supply chain actors in three
different countries were considered before the company’s
internal production while there were 24 actors in eleven
countries in the “High purity aluminum” supply chain. The
difference in the number of supply chain actors and coun-
tries alone implied a higher complexity for further investiga-
tions primary route. The potential for social hotspots may be
increased due to the higher number of different countries.
A statement that secondary material supply chains perform
better in the social area than primary aluminum routes, as
in the ecological footprint, could not be derived from the
results presented.

5.6 Limitations

After creating the product system and the definition of the
system boundary, a suitable country-specific sector was
assigned to each of the identified process steps, represent-
ing the respective process in this country best. In making this
selection, it was difficult to rely on existing scientific litera-
ture since an analysis of the aluminum sector using PSILCA

Table 3 Results of the presence
of indigenous peoples within
the supply chain and how the
respective countries deal with
their presence. N.B. 3 indicates

medium risk and 5 indicates no
risk. Source: PSILCA V2

Respect of Indigenous rights
Product Location Process in the Supply Chain Presence of Indigenous People
indigenous rights Rights Protection Index
P . . .
g = Asia (AC1) Si-Processing Yes 3
=]
3 o0 Asia (AC1) Mg-Processing Yes 3
South
America, Refinery Yes 5
§ Brazil (SA1)
g Africa,
E Guinea Bauxite Mining Yes 3
= (AfC1)
€ South
g America, Bauxite Mining Yes 5
5 Brazil (SA1)
=) Africa,
Suriname Bauxite Mining Yes 3
(AfC2)
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has not yet taken place. The selected sectors could also be
seen in each case as an approximation of the respective pro-
cess taking place in the country. Overarching sectors, such as
the chemical sector for the process of refining bauxite, were
often selected. Aluminum-specific sector information was
not available in any country. The data quality information
provided by PSILCA through the pedigree matrix assess-
ment for each social indicator helped to assess each indica-
tor's usability. Indicators were not excluded from the analysis
in advance if their data quality was considered very low
compared to the other indicators to avoid misappropriation
of results. In several country-specific sectors, gaps in data
occurred in the results, which were not replaced by sector
information from adjacent countries. A country substitution
was not applied to avoid a possible unjustified social hotspot
classification of a country or supplier.

In some cases, in the raw data, values were given for
“Drinking water coverage” and “Sanitation coverage” in cer-
tain countries, which were commented as “not available” by
PSILCA®. Due to this uncertainty in usability, the environ-
mental performance index, an external environmental indi-
cator, was used, and the data from PSILCA® were excluded.
Also for the risk of conflicts indicator, for which no output
figures were provided by PSILCA®, an independent indica-
tor was used with the fragile state index.

For “Workers,” the activity variable worker hours was
applied to calculate the average medium risk hours. Two
weighting methods were applied, one method to look at the
weighted monetary output of the MRHs and the other to look
at the unweighted MRHs without monetary weighting for
better comparability of the different processes. The method
of presentation with the weighted monetary output reflected
the actual outputs generated at each supplier level. The big-
gest problem with the monetary weighting option was the
distortion of potential social risks based on the MRHs alone.
It transferred countries or sectors into potential hotspot cat-
egories they did not belong to based on their raw data. Look-
ing at the unweighted MRHs, much less deflection of risk
hours could be seen. This distribution also showed the lower
weighting of the supply chain actors in the refineries and the
bauxite mines. Hence, a lower weighting on these supplier
levels could lead to bias in assessing social hotspots.

Last, the limited transparency due to the anonymiza-
tion of country names for confidentiality issues needs to be
stated. While the company can internally use the findings
of the study, other researchers might not be able to verify or
use all the information presented. With the German Act on
Corporate Due Diligence Obligations in Supply Chains and
related reporting requirements, more transparency also for
external people to companies can be expected.

6 Conclusion and outlook

Karlewski et al. (2019) already noted that S-LLCA is feasible
in industries with complex supply chains such as the auto-
motive industry. This study moreover confirmed the appli-
cability of social hotspot assessments based on the UNEP
2020 Guidelines to conduct a risk assessment for the main
focus areas of the German Act on Corporate Due Diligence
Obligations in Supply Chains such as child labor. However,
the implementation of the work was associated with an enor-
mous effort in the area of information collection about the
supply chains to be investigated. This process depended on
the direct suppliers’ willingness and was only feasible with
their help. The guidelines used in combination with the asso-
ciated methodological sheets were beneficial in structuring
the procedure within the social hotspot analysis—giving
the inexperienced user a guide. The social hotspot analysis
was conducted with the help of the social indicator database
PSILCA®. This facilitated data collection and saved much
time compared to a fully primary data collection. Com-
bining primary company data with generic data from the
PSILCA® database thus proved to be a good combination
in this regard. Still, PSILCA® should be used with attention
due to data inconsistencies recognized in this work.

The results showed that in the areas of both investigated
aluminum supply chains in the upstream area, the highest
number of social hotspots occurred outside Europe across
the different investigated indicators. The most hotspots were
identified in Guinea, EC6, and ACI in the stakeholder cat-
egories “Workers” and “Local community.” Significantly,
the processes of alloy element production in AC1 and the
bauxite mining in Guinea had an above-average number of
social hotspots compared to the other supply chain actors.

The findings of social hotspot analyses can be used by
the aluminum company to help their identified partners to
enhance their social performance, for example by providing
training and more opportunities through close collaborations
or providing safety technologies. A shift of production loca-
tions, however, might technically not be feasible or even
lead to other negative social impacts (e.g., job losses). The
dialogues with suppliers have shown that cooperation on
sustainability in complex supply chains is possible if it takes
place on an equal level in an environment of trust. The com-
pany will use the findings and recommendations resulting
from this work to improve its due diligence system along its
supply chains that allows identifying supply chain actors in a
secure data environment to generate sustainability along the
complex automotive supply chains. The industry, particu-
larly the automotive industry, should pursue the standardiza-
tion of indicators and systems for sustainability evaluation
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to create a comparative framework that is justifiable and
applicable to all stakeholders in the long term.

In the past, social assessments have only calculated the
likelihood of a particular social risk without the link to
activity variables. Using worker hours as an activity vari-
able to measure the impact within supply chains created
another dimension for classifying social risks. In the area of
the application of the activity variable, a need for scientific
research arose concerning the provision of correction fac-
tors which, for example, can include the degree of automa-
tion of production sites in the activity variable to achieve
more detailed information on the hours worked at the site.
Standardization for the calculation of activity variables
should also be further developed. Moreover, the formulation
of accepted data quality criteria and data exclusion criteria
can contribute to the comparability of social assessments.
Scientific research and industry can contribute to further
developing these recommendations to improve the level of
detail of generic social assessments continuously.
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