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Abstract

Purpose Aluminium is among the most energy-intensive industries in the world and is produced from mining operations
in bauxite mines. The effects on the environment of the entire aluminium supply chain, especially mining, also entail social
risks. This article aims to understand the potential social risks along the supply chain of aluminium by focusing on a semi-
finished frame for windows through the use of the Product Social Impact Life Cycle Assessment (PSILCA) database.
Method Social Life Cycle Assessment (S-LCA) was implemented by following the Social Life Cycle Assessment of Prod-
ucts And Organizations 2020, to analyse the potential social risks and opportunities associated with the aluminium sector.
Specifically, the PSILCA database, designed for S-LCA, was used to evaluate the background processes of the aluminium
supply chain of an Italian company specialized in surface treatment of aluminium semi-finished products used in the pro-
duction of doors and windows.

Results The primary social risks manifest in the background processes. Comparing these findings with the literature review,
it is straightforward to attribute them to the mining phase of bauxite, which constitutes the initial stage in aluminium pro-
duction and occurs in various regions globally. Specifically, the highest social risk is associated with “Corruption in the
public sector”, likely linked to Italy. Additionally, the study reveals a positive impact in terms of “Contribution to economic
development” as also revealed by the literature review.

Conclusions An analysis of the potential social risks within the aluminium supply chain was provided, addressing the research
gap between the utilization of S-LCA methodology and its application within the sector. Additionally, the PSILCA database
was employed for investigating the background processes in the case study. However, a social performance assessment using
primary data would be required to enhance the representation of the evaluated production system.

Keywords Social Life Cycle Assessment - Window frame - Aluminium sector - Supply chain risks - PSILCA

1 Introduction

In the last years, sustainability has been involved also within
the building sector for creating more buildings suitable to
reduce environmental, economic and social impacts in
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terms of improving life quality (Zabihi et al. 2012). This
issue has grown during recent years partly related to the
widespread concern about the rapid consumption of natural
resources (Yilmaz and Bakis 2015) of which the building
sector is a major user (Asif et al. 2005) and partly due to
the effects that global warming is bringing to everyday life
(Asif 2019). Numerous studies related to the building
sector, have focused on materials used in the building
process including the production of windows and doors
and their impacts (Balasbaneh et al. 2020). In particu-
lar, the windows have an important role in improving the
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environmental performance of buildings (Asif 2019) for
both aspects of indoor comfort (Almssad and Almusaed
2005) and the energy performance of the whole building
(Asif et al. 2005).

Indeed, the windows can lead to significant energy sav-
ings as a direct consequence of their use (Asif et al. 2005)
due to the materials used to make them, such as wood, steel,
aluminium, polyvinyl chloride (PVC), and glass (Asif 2019).
The global demand for aluminium is expected to double or
triple by 2050 (Haraldsson et al. 2021); it is one of the most
important industries for the economy of industrialised coun-
tries, and in Italy, aluminium windows are still a prevalent
choice (UNICMI 2022) despite the growing demand for PVC
windows and doors. In particular, the aluminium industry is
one of the most energy-intensive industries in the world,
being this metal, due to its wide range of applications, is
the most widely used after steel (Emsley 2014; Brough and
Jouhara 2020). Following the Sustainability Development
Goals set during the United Nations World Summit in 2005
(Un General Assembly 2005), through the direct involve-
ment of the interested parties, this sector has taken a path
to achieve the objectives of environmental, economic, and
social sustainability (Faucheux and Nicolai 2003). There-
fore, understanding the environmental impacts related to the
production of windows is needed for the decision-making
process of the company in order to direct their choices in a
better sustainable way. The life cycle thinking approaches
are useful for this aim seeing as they allow for assessing
the environmental, economic, and social potential impacts
of the products from a life cycle perspective (i.e., from the
raw materials extraction to end-of-life management). Some
studies began investigating the environmental impacts asso-
ciated with the production of windows through Life Cycle
Assessment (LCA) (i.e., Buyle et al. 2013; Pacheco-Torgal
2014; Salazar 2014; Pushkar 2016; Intini et al. 2016) or its
applications as a basis for Life Cycle Management (LCM)
tools and certification such as Environmental Product Dec-
larations (EPD) (Ponzio 2023). Nevertheless, compared to
the environmental one, social sustainability is still scarcely
analysed and social impacts remain little studied (Fiirtner
et al. 2021). In particular, the Social Life Cycle Assessment
(S-LCA) methodology is useful for assessing the potential
and actual social impact of products and services, both posi-
tive and negative, through their life cycle by using generic
and/or site-specific data. (UNEP 2020). It is field research
still under development (Backes and Traverso 2021 even
though in 2009, the first S-LCA guideline was published
(i.e., UNEP/SETAC 2009) and it was recently updated (i.e.,
UNEP 2020) and tested by a large group of practitioners,
academics and members of the private sector (i.e., UNEP
2021). S-LCA can be used for investigating social issues at
local, regional, national and global levels (Messineo et al.
2018) and it provides information for decision-making in

@ Springer

order to improve the social performance of an organisation
(D'Eusanio et al. 2022) and the well-being of its stakeholders
(Yang et al. 2020). The life cycle stages in S-LCA are associ-
ated with geographical locations and the social aspects related
to potentially affected stakeholders (UNEP 2020). Concerning
the social sustainability of windows sectors, different compa-
nies mainly committed to addressing global standards such as
“Cradle to Cradle Certified” or “due diligence” initiatives in
order to assure consumers about their responsible behaviour
throughout the supply chain (Mancini et al. 2022). From this
frame, it emerges as the windows sector was scarcely inves-
tigated within the context of social sustainability, especially,
regarding from a life cycle point of view. Therefore, this study
aims to map the main social risks related to this supply chain
by analysing them, the first time at the sector and country
level and then at the company level by assessing the social
performance of an Italian company Ponzio producer of alu-
minium semi-finished frame for windows.

Ponzio is a B2B company founded in Milan in 1941 and
located in Pineto in the Abruzzo region of Italy since 1960.
The company specialized in surface treatment (powder coat-
ing, anodization, sublimation) of aluminium profiles for
windows and doors. Approximately 90% of its market is
in Italy, but it is also experiencing growth in international
markets, with partnerships in other parts of the world such
as the Middle East, South Asia and Africa.

In the next section (Sect. 2), the theoretical background of
S-LCA within the aluminium sector was presented whilst in
Section 3 the methodological approach performed for ana-
lysing the social aspects (both in terms of social risks and
social performance) by following the S-LCA methodological
framework was shown. Section 4 highlights emerging find-
ings whilst the limitations are presented in Sect. 5 and the
conclusions are described in Sect. 6.

2 A state of the art of S-LCA
of aluminium sector

A literature review for outlining the state-of-the-art of the
aluminium sector was conducted. The main goal of this lit-
erature review is to investigate whether and how the S-LCA
methodology has already been implemented in the alumin-
ium window sector. Therefore, the research questions (RQs)
investigated are below:

RQI: Given the large-scale use of aluminium in sectors
such as construction, what are the potential social risks
and opportunity associated with aluminium production?
RQ2: What are the potential social risks and oppor-
tunity associated with the aluminium windows and
doors sector?
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RQ3: Has S-LCA been implemented to highlight
potential social risks and opportunity in the alu-
minium sector?

The identification, screening and selection of the
publications were done considering the exclusion and
inclusion criteria shown in Table 1. Only the publications
related to S-LCA (UNEP 2020) are taken into account. This
allowed to clarify the main research topic and thus helped
to eliminate all that is irrelevant from the literature, which
could be confused with other similar concepts or concepts
(i.e., the Environmental Life Cycle Assessment) (Al-Ruithe
et al. 2019). It included publications directly related to
S-LCA and to aluminium applied for windows sector whilst
the peer-reviewed journals, conference proceedings, series
of books, books and grey literature written only in English
and without limit of time were considered. The articles were
searched through two search engines: Scopus by Elsevier and
Web of Science by Thomson Reuters. These two tools are
well-reviewed for the wide range of materials covered and
both systems are easy to use and can provide useful data for
collection evaluation and development activities (Salisbury
2009). The identification of the records was carried out by
using a combination of keywords and Boolean operator such
as “AND” (as shown in Table 2). The keyword “alumin*”” was
included to consider articles both in American and in British
English (i.e., aluminum/aluminium) and the keywords related
the S-LCA methodology were used according to the common
forms within the literature (i.e., Social Life Cycle Assessment,
SLCA, Social LCA, Societal LCA).

2.1 Potential social risks and opportunity
associated with aluminium production

In order to answer the first research question (RQ1),
which aimed to retrieve documents related to the poten-
tial social risks and opportunity associated with alu-
minium production. In the literature, alternative terms
are used to search for “social risks” and it was decided
to include several concepts/words that are consistently
applied with the keyword “social” as shown in Table 2.
To ensure that the articles found were relevant, they
were first evaluated from the abstract and, if necessary,
from the whole text.

Table 1 Inclusion and exclusion criteria used for RQ1, RQ2 and RQ3

Table2 Keywords used for the identification process and main
obtained results for RQ1

N°  Searched in Title | Abstract | Keywords  Scopus  WoS
1 “social risk” AND ““alumin*” 2 2

2 “social impact” AND “alumin*” 46 8

3 “social performance” AND “alumin*”’ 5 1

4 “social responsibility” AND “alumin*” 18 11

5 “social sustainability” AND “alumin*”’ 4 1
2.1.1 Findings

The literature review of the aluminium sector reveals that
environmental, health and social impacts are closely inter-
twined (Hansen et al. 2023). Bauxite mining (the “aluminium
ore”), as the first activity in the metal's supply chain, has
long-standing and nuanced environmental and social impacts.
Despite over two decades of technological advancements in
mining techniques, local communities around mining sites
continue to face unresolved social and environmental chal-
lenges (Agusdinata et al. 2023; Forbes-Mewett et al. 2020;
Ciccantell 1999). Literature review reveals the far-reaching
effects of aluminium mining, encapsulating vital concerns
such as land rights violations, industrial expansion, environ-
mental pollution, corruption, environmental conflicts, chil-
dren’s health and societal strife (Ciccantell 1999; Christmann
2018; Feisal et al. 2018; Lebre et al. 2019; Forbes-Mewett
et al. 2020; Georgitzikis et al. 2021; Agusdinata et al. 2023).
The European Union, including Italy, imports bauxite and
aluminium from regions with diverse governance frame-
works. Guinea, a key supplier, confronts governance issues,
which present sustainability risks to the European aluminium
industry. Fragile governance structures in supplier countries
increase susceptibility to social risks, such as child labour,
potential conflicts, and low human development indicators
(Georgitzikis et al. 2021).

The literature review accentuates the environmental and
health hazards inherent in the sector. The aluminium indus-
try is responsible for approximately 1-2% of the global
greenhouse gas emissions. A significant portion of these
emissions can be attributed to the thermal energy utilized in
the alumina refining process, known as the Bayer process
(Saez-Guinoa et al. 2023). Furthermore, the extraction of

Inclusion criteria

Exclusion criteria

Directly related to social life cycle assessment
Directly related to aluminium applied for windows
Peer-reviewed and grey literature

Written in English

Studies not referring to aluminium applied for windows sector
Studies not applied social life cycle assessment methodology
Not written in English
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bauxite in nations such as Malaysia, Hungary, and Australia
has led to contamination of “red mud”, products from alu-
mina refinement potentially containing hazardous compo-
nents (Christmann 2018; Marcel et al. 2019). The adjacency
of mining facilities to urban centres frequently engenders
detrimental emissions, water and noise pollution, thereby
inciting contentious dialogues between local inhabitants and
political authorities (Marston 2012).

The literature review also provides an insight into socio-
economic positive impacts, i.e. related business, land leas-
ing, job creation, investment in local communities (Hansen
et al. 2023), and efforts made by companies to improve the
aluminium sector (Merticaru et al. 2014; Fearnside 2016).
For instance, certain studies suggest that mining activi-
ties of metals, including bauxite, may stimulate economic
growth and alleviate unemployment (Buultjens et al. 2010;
Macedo et al. 2004). Also, studies by Faucheux and Nicolai
(2003, 2004) and Power et al. (2002) highlight the transi-
tion towards Corporate Social Responsibility (CSR), empha-
sizing a growing commitment to sustainable development
through stakeholder engagement. Further contributions by
Buultjens et al. (2010), Spangenberg (2008), and Rodrigues
Da Silva Enriquez and Drummond (2007) explore the evolu-
tion of mining companies that have begun to obtain social
and environmental certifications, aiming to promote eco-
nomic growth and improve health and education in mining
communities.

In exploring the social implications of aluminium produc-
tion, specifically within the context of aluminium windows
according to the research Question 2 (RQ2), our search strat-
egy led us to a singular but insightful study by Abeysun-
dra et al. (2007). This research provided a comprehensive
comparison of wood versus aluminium windows, evaluating
their impacts from environmental, economic, and social per-
spectives throughout their lifecycle. Conducted in Sri Lanka,
the study emphasized the importance of thermal/acoustic
comfort, aesthetics, and durability, as identified by a diverse
group of stakeholders including engineers, architects, build-
ers, and end-users.

In order to answer the third research question RQ3, which
aims to verify the existence of studies implementing Social
Life Cycle Assessment to highlight the potential social
impacts of the aluminium supply chain), a new round of
literature analysis was carried out. Other keyword combina-
tions were used: the first keyword combination is the key-
word “social life cycle assessment”. To avoid omitting any
documents from the search, the keyword was used consider-
ing the most common forms used in the literature such as
Social Life Cycle Assessment, SLCA, Social LCA, Societal
LCA, along with the asterisk truncated word “alumin*” and
“window” (Table 3).

The only work that attempts in some way to answer
the research question is Balasbaneh et al. (2020), which
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Table 3 Keywords used in the research and results obtained for RQ3

N° Search in Title | Abstract | Keywords Scopus WoS
1 “social life cycle assessment” AND “alumin*” 6 3
2 “social LCA” AND “alumin®” 4 2
3 “societal LCA” AND “alumin*” 1 1
4 “societal life cycle assessment” AND “alumin*” 1 1
5 “SLCA” AND “alumin®” 2 1
6  “social life cycle assessment” AND “window” 0 1
7 “social LCA” AND “window” 0 0
8  “societal LCA” AND “window” 0 0
9  “societal life cycle assessment” AND “window” 0 0
10 “SLCA” AND “window” 3 2

conducts a “life cycle sustainability assessment” to select
the most sustainable windows in a building redevelopment
project in Malaysia. The assessment was carried out by con-
sidering certain life cycle criteria such as carbon dioxide
(CO2) emissions, cost and social potential impacts of each
type of window. This study identified some stakeholders
categories such as window fitters, students and teachers;
local community; society and the value chain). Moreover, a
set of criteria associated with the priorities and benefits of
each analysed product was created and a questionnaire was
submitted to a core group of experts.

All the other papers that emerged explore other fields
of research that involve aluminium to some extent. For
instance, Mair-Bauernfeind et al. (2020) investigated the
possible benefits of material selection in the automotive
industry to help reduce environmental and social impacts.
Agyekum et al. (2017) assessed the environmental impact
of bicycle frames made of wild bamboo in Ghana and com-
pared it with the LCA results of an aluminium and steel
frame, while for social impacts they considered some stake-
holders relevant to the production of bamboo bicycle frames
(i.e., workers, local community). Niero and Hauschild
(2017) examined methodologies as the Life Cycle Sustain-
ability Assessment (LCSA) (i.e., a combination of LCA,
LCC and S-LCA), to suggest a framework for assessing
circular economy strategies applied to the aluminium pack-
aging sector. Aschehoug et al. (2016) presented a simplified
method for S-LCA of low-quality aluminium products used
in the automotive sector and provided an overview of the
social and ethical impacts of all phases of the product life
cycle of the case study, creating a so-called “social web
matrix” that is based on the aggregation of results from
approaches, concepts, methods and tools already in use
such as the existing approaches for rapid risk ranking (RRR)
that ranks topics according to perceived risk regarding i.e.,
Health and safety practices; labour and management rela-
tions; fair employment and working conditions; training and
education; diversity and equal opportunities.
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The reviewed literature provides an overview of how tools
and methodologies for assessing potential social impacts are
identified and applied within the aluminium and windows
sectors. Following this exploration of the literature, S-LCA
emerged as the methodology suitable to identify and assess
social impacts in the aluminium supply chain, although it is
still poorly applied in this sector. The updated Guidelines
for S-LCA (UNEP 2020) provide a comprehensive and
standardised framework for social assessment from a life
cycle perspective by attracting the attention of academics
since its potential integration with LCA and LCC (Visentin
et al. 2020). Despite this, S-LCA remains the least used and
implemented life cycle thinking tool and therefore further
developments are needed (Marmol et al. 2023).

The literature review provides a general overview of
the social impacts and opportunities within the global alu-
minium industry (Table 4). However, there is a noticeable
absence of studies focusing on the specific potential social
risks and impacts for this industrial sector in Italy, despite
this industry historically being a significant component of
the country’s growth (She et al. 2020). As indicated by the
literature review, it is likely that such risks and impacts are
concentrated in countries where raw material extraction
takes place.

3 Method

A social risk assessment was conducted by following the
methodological framework defined by the Guidelines
for S-LCA (UNEP 2020) (i.e., the four phases of S-LCA
such as goal and scope definition, life cycle inventory,
life cycle impact assessment and life cycle interpretation
(ISO 14040:2006; ISO 14044:2006) and the social risk

assessment by using the Product Social Impact Life Cycle
Assessment database (PSILCA)(Maister et al. 2020).
PSILCA is the main source of generic social data used in
S-LCA assessment methods together with the Social Hotspot
Database (SHDB) (Benoit Norris et al. 2012; Benoit Norris
and Norris 2015). PSILCA was used to conduct the S-LCA,
which is a database developed by Green-Delta GmbH in
Berlin (Eisfeldt and Ciroth 2017), available within the
open-source LCA software “openLCA” (www.openlca.
org that allows for both quick and analysis results (Maister
et al. 2020) of the social impact of a product during its life
cycle (Ciroth and Eisfeldt 2016). This database provides
transparent documentation of data sources to evaluate each
social indicator (Mancini et al. 2022) and it was developed
in accordance with the S-LCA guidelines (UNEP 2020).
Moreover, the PSILCA database has recently been used in
some S-LCA studies, for the assessment of social aspects
across Europe in various sectors (i.e., Andrade et al. 2022;
Koese et al. 2022; Mancini et al. 2022; Bargiacchi
et al. 2022; Wang et al. 2022). Nevertheless, it has not yet
been used to assess the social sustainability of an aluminium
window frame profile.

PSILCA, or the Product Social Impact Life Cycle Assess-
ment, is built upon the Eora database (Lenzen et al. 2013),
which is a comprehensive global supply chain database con-
sisting of multi-region input—output (MRIO) tables (Maister
et al. 2020). Specifically, PSILCA version 3, utilized in this
case study, is grounded in Eora 2019, offering data encom-
passing approximately 15,000 sectors across 189 countries
(ibid.). This database furnishes 74 qualitative and quantita-
tive indicators, aligned with 20 subcategories delineated by
the Guidelines for S-LCA (UNEP 2020), and encompasses
four stakeholder categories: “Workers”, “Local Commu-

nity”, “Society” and “Value Chain Actors”.

Table 4 Social categories (both negative and positive) linked to the aluminium sector, along with relevant stakeholders

Social categories Negative impacts

Positive impacts

Relevant stakeholders

Environmental Impact Pollution from bauxite mining and

refining

Health Impact Health hazards from exposure to

pollutants

Social Justice Land rights violations and displace-

ment

Economic Development Economic dependency on aluminium

industry

Job creation and economic growth in
mining regions

Occupational health and safety
measures

Community development programs
and investments

Diversification of local economies

Local Communities, Environmental
Activists

Workers, Local Communities, Gov-
ernment Authorities

Local Communities, NGOs, Govern-
ment Authorities

Local Governments, Investors, Indus-
try Associations

Human Rights
Community Well-being

Ethical Sourcing

Child labour and exploitation in min-
ing operations

Disruption of traditional lifestyles

Unethical sourcing practices and
corruption

Climate Change Impact Greenhouse gas emissions from

production processes

Corporate social responsibility initia-
tives

Infrastructure development and social
services

Fair trade initiatives and ethical sup-
ply chains

Adoption of renewable energy and
emission reduction

NGOs, Government Agencies, Indus-
try Associations

Civil Society, Local Governments,
Community Leaders

NGOs, Industry Associations, Con-
sumers

Environmental Activists, Govern-
ments, Investors
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Fig. 1 Aluminium frame profile, thermally insulated, powder coated, 6.5 m long and the relative section

The evaluation of indicators in PSILCA involves the
assignment of risk levels to their values, drawing from inter-
national conventions, standards, laws, as well as experts’
insights and experience (Maister et al. 2020). Notably, all
indicators in PSILCA come pre-assessed for risk, with per-
formance reference points and rules meticulously outlined
and documented for each (Maister et al. 2020). Nonethe-
less, given the subjective and context-dependent nature of
this assessment, PSILCA allows for adjustments to the pro-
vided assignments (Maister et al. 2020). The risk levels are
categorised along a negative scale ranging from “no risk”
to “very high risk”, while indicators potentially indicating
positive social impacts, such as “Contribution of the sector
to economic development” are evaluated on an opportunity
scale comprising “high opportunity”, “medium opportu-
nity”, “low opportunity”, and “no opportunity” (Maister
et al. 2020).

Crucially, the sources of data, their values, the quality
thereof, and the attribution methods utilized are compre-
hensively documented within PSILCA (Maister et al. 2020).

The selection of PSILCA was predicated upon its provi-
sion of transparent documentation concerning the origins
of the data underpinning the assessment of each indicator,
coupled with a delineation of data quality metrics for indi-
vidual data points. Such transparency affords the opportu-
nity to conduct thorough scrutiny and validation of the social
data integral to the assessment process, thereby facilitat-
ing comparative analyses with alternative sources or more
contemporaneous estimations (Mancini et al. 2023). This
meticulous documentation not only enhances the cred-
ibility and robustness of the assessment outcomes but also
fosters academic rigor by enabling methodological scrutiny
and potential refinement in subsequent analyses (Mancini
et al. 2023).
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3.1 Goal of the study

The goal of this study is to understand the potential social
risks and opportunity along the supply chain of aluminium
of an Italian company located in the town of Pineto, in
Abruzzo region in Central Italy, which specialises in the
surface treatment of aluminium. Moreover, it also seeks to
compare, when possible, the potential social risks of similar
product-systems.

3.2 Scope of the study

The product analysed is an aluminium frame profile thermally
insulated with polyamide bars and powder-coated (Fig. 1).

The raw frame profile is of an aluminium alloy from the
6060 series according to EN 573-3:2022 (UNI 2022). It
is an alloy from the aluminium-magnesium-silicon family,
characterised by good mechanical properties and resistance
to corrosion. This product can be used to make numerous
types of window frames such as windows, casements, tilt-
and-turn and French windows.

The defined Functional Unit (FU) for this assessment was
established as an aluminium semi-finished profile 6.5 m long,
thermally insulated and powder-coated, representing a typical

Table 5 Reference flow of the

FU Description Weight
Aluminium profile  8.054 kg
Polyamide strips 1.24 kg
Powder paint 0.46 kg
Packaging materials 1.012 kg
(plastics, paper)
Total weight 10.77 kg
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Fig.2 System boundary and life
cycle process flowchart
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PRODUCTION PROCESS OF ALUMINIUM THERMALLY INSULATED, POWDER COATING PROFILES

FOREGROUND PROCESSES

component used in window frames. The FU encompasses vari-
ous materials and components, as detailed in Table 5.

Figure 2 illustrates the flow chart of the product life cycle
and specifically the processes within the organisation.

The five internal production phases (foreground pro-
cesses) are described below:

1. Raw materials incoming: such as the raw aluminium
frame profile, polyamide tapes, powder paint, chemicals
for the pre-treatment process and packaging materials,
such as polyethylene sheets and kraft paper, arrive from
various suppliers located throughout Italy and after the
various incoming quality controls, they are stored wait-
ing to be picked up for processing;

2. Thermal break assembly production: in this process,
raw aluminium profile shells are assembled with one or
more polyamide insulating bars. This insulation tech-
nique is used on aluminium frames because it limits con-
densation and reduces reciprocal temperature exchange
between the inside of the frame and the outside;

3. Storage of thermal break frame profiles: once the ther-
mal break aluminium profile has been created, it is
stored in the warehouse waiting to be taken for surface
treatment such as painting;

4. Stoving and Curing (Powder Coating): for this pro-
cess, we can distinguish four different stages:

(a) Surface preparation treatment by degreasing,
pickling and deoxidation: this removes grease,
oils and other contaminants from the surface of
the aluminium;

(b) The chemical conversion treatment: this is an
essential activity before painting because it rein-
forces adhesion;

(c) The application of the paint product in powder
form: the paint products used in all cases are in

RAW MATERIALS PRODUCTION
STOVING AND CURING
—  (ALUMINIUMPROFILESPOWDERCOATING  —J  PACKAGING —»  DELIVERYTO
PRODUCTION)
> WASTES

the physical state of powders, which is environ-
mentally friendly as they are totally solvent-free;

(d) Stoving (the oven polymerisation of the paint
product): the powder paint is reduced to a fluid
state and forms a continuous film of paint, char-
acterised by high resistance to atmospheric agents
and mechanical stress;

5. Packaging/Packaging: this is the last process before
delivery to the customer. This is where the final quality
control of the finished product is formalised, with poly-
ester film and kraft paper, ready for delivery.

Auxiliary services such as electricity supply, methane
gas and water supply were modelled in openL.CA because
they are considered first-order flows. Some output streams
such as the waste stream (i.e., plastic waste) from the
second process related to the polyamide waste stream
or sludge, as an output stream of sewage sludge used in
the stoving and curing process, were also considered. As
for the phases excluded from the modelling, considering
the wide variability of applications of semi-finished prod-
ucts in construction and the multiple configurations they
can have during installation and use, it was decided to
exclude this phase from the study. The end-of-life man-
agement of a window can involve at least two alternatives,
which also have different impacts from an environmen-
tal point of view: the recovery of materials and disposal in
landfills. As far as material recovery is concerned, prod-
ucts can enter an open cycle (glass and fittings), where the
material re-enters into circulation with a different process
from the original one, or into a closed cycle (frames),
where the material re-enters into circulation with the same
process, replacing virgin materials. Considering that the
organisation cannot directly influence these aspects and
that a window or door once installed can last for decades,
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Table 6 Activity variables defined for the process operations at the
organisation level

Processes Unit  Working hours
Raw materials incoming minute 60

Assembly of thermal break profiles minute 20

Storage minute 5

Pre-treatment, coating and stoving process minute 142.5
Packaging of finished product minute 9

not having sufficient data to complete the investigation,
it was decided to leave end-of-life out of the study. The
activities of transport and delivery to customers are also
outside the perimeter considered.

Lastly, social risks are quantified by the activity variable
“worker hours”, (i.e. the hours of work required to produce
$1 of output). The main source of economic data such as
wages and salaries used for PSILCA is ILOStat, where such
data is expressed in US dollars. Therefore, PSILCA adopts
the US dollar as its reference currency. In cases where other
databases are used for countries not covered by ILOStat,
all provided values are converted into US dollars using a
currency converter, typically utilizing the exchange rate on
December 31, 2011. In the event that the values are quite
old and countries have experienced high inflation rates, the
currency exchange rates from the corresponding year are
selected, as exemplified in the case of Venezuela. (Maister
et al. 2020). The activity variable “worker hours” is useful
to illustrate the significance of the impacts caused by the

life-cycle processes of the reference product (Norris 2006).
In this case study, labour-hours were translated into minutes.
Working hours were measured on site through direct obser-
vation of production operations (Table 6).

3.3 Social Life Cycle Inventory Data

PSILCA was used as a data source and is based on the
EORA MRIO database (Lenzen et al. 2013) which covers
the economics of global supply chains on a sector-specific
country basis.

The input/output model of the product system under
study was created within openLCA where the following
information was entered: type of raw material; quantity in
kilograms of each raw material; country of origin of each
raw material; the EORA sector for each raw material and
when possible, a description of the flow (see Supplemen-
tary Materials). The product system analysed is considered
to be entirely produced in Italy with raw materials that
come exclusively from Italy. As widely acknowledged,
the aluminium supply chain is global and likely comprises
multiple tiers. However, in this particular case study, only
the first tier of the chain, which is in closest proximity to
the organisation, is taken into account (Fig. 3).

Consequently, raw materials are identified as originating
from Italy. Detailing the other levels of the supply chain
poses the greatest challenge, as venturing beyond the organi-
sation’s sphere of influence and knowledge complicates the
acquisition of precise data necessary for an accurate model-
ling of the product system.

COMPANY

END PRODUCT

TIER 1 Direct supplier of the company ]

Raw extruded
aluminium suppliers

Powder coating
suppliers

Chemicals
suppliers

Polyamide strips
suppliers

Packaging
suppliers

TIER 2 Manufac

turing suppliersfor Tier 1 ]

Secondary aluminium Primary
material from recycle Aluminium material
suppliers suppliers

Binder (resin + hardener),
pigments, additives, fillers
suppliers

Nylon chips (engineering
plastics, PAfiber & yarn

Plastics, Cellulose,
Pulp mill

TIER 3 Raw material suppliers for Tier 2 ]

Raw materials suppliers for Tier 2

Fig. 3 Representation of tiers of the supply chain of product of the case study
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Table 7 Risk assessment of the subcategory “Freedom of Association” for worker stakeholder

Risk
Subcategory Indicators Unit of measurement Source for data collection Unit| Amount
Trade Union Dataset (oecd.org) 325 %
% of employees Italy (2019)
Trade union density organised in trade %
% unions o 56 %
= Organisation MR
< (2019)
o
o]
3
E Right of association score Organisation score 2 LR
o
=
o
a
Hj Right of collective bargaining score Organisation score 2 LR
&
Right to strike score Organisation score 2 LR
*Risk Assessment | Red: High Risk; Yellow: Medium Risk; Green: Low Risk.

In addition, since PSILCA uses money flows expressed in
USD to link processes, the cost of each raw material in euro
was converted into dollars at 2015 exchange rates (1 euro
equivalent to $1.0887), as indicated by PSILCA v.3 Database
Documentation (Maister et al. 2020), and then was included.

PSILCA which maps all the connections from a chosen
Central Statistical Sector (CSS) to other sectors becomes
significantly extensive. It includes around 15,000 sectors
and millions of connections, with some sectors sourcing
products from over 1000 other sectors. In this case study,
the partial model graph of the product system is repre-
sented in Supplementary Material.

Data for each indicator were collected according to the
PSILCA v.3 Database Documentation, which suggests col-
lecting data directly or via proxies (Maister et al. 2020).

Data regarding the indicators of “Trade Union Den-
sity”, “Right of Association, Right of Collective bargain-
ing, Right to Strike” linked to the subcategory “Freedom

of Association and Collective Bargaining” was carried out
at the country and organisation levels. In detail, data at the
organisation level were provided directly by the company
thanks to the Unitary Representation Bodies (RSUs) which
provided information on the percentage of union members.
Table 7 provides the risk assessment of the subcategory
“Freedom of Association and Collective Bargaining by
showing the indicators and its unit of measurement, the
data collection source and the level of the risk assess-
ment.Pilot pilot projects on guidelines for social life cycle
assessment of products

Regarding the “Minimum Wage, Per Month” indicator,
in Italy there is no specific legislation on the “Minimum
Wage” and therefore there is no minimum wage. However,
the Italian legal system provides for collective bargaining
between the social partners belonging to a specific trade
or industrial sector, which defines the minimum wages and
covers about half of the employees (ILO).

Table 8 Risk assessment of the subcategory “Access to material resources” for local community stakeholder

Subcategory Indicator Unit of measurement Source Amount Risk Assessment
Access to material Certified environ- 20,294 certifica- normalisation accord- Database: 0.399 VLR
resources mental management  tions 37,929 sites ing to PSILCA ILOSTAT
systems (CEMs) (2022) manual ISO 2022 Survey
of Management
System Standard
Certifications 2018
— Industrial Sectors
Yes/not Organisation YES
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Table 9 Results of risk assessment

STAKEHOLDER SUBCATEGORY INDICATOR RISK ASSESMENT
WORKERS CHILD LABOUR children in employment, male ND
children in employment, female ND
children in employment, total ND
FORCED LABOUR goods produced by forced labour ND
frequency of forced labour _
tier placement referring to trafficking in persons MR
FAIR SALARY living wage, per month _
minimum wage, per month ND
sector average wage, per month MR
WORKING TIME weekly hours of work per employee MR
DISCRIMINATION men in the sectoral labour force (total) VIR
women in the sectoral labour force MR
gender wage gap MR
HEALTH AND SAFETY accident rate at workplace MR
fatal accidents at workplace _
dalys due to indoor and outdoor air and water pollution
presence of sufficient safety measures NA
violations of mandatory health and safety standards _
workers affected by natural disasters _
SOCIAL BENEFITS, LEGAL ISSUES social security expenditures ViR
evidence of violations of laws and employment regulations ND
FREEDOM OF ASSOCIATION trade union density (country) . |
trade union density (organisation) MR
right of collective bargaining
VALUE CHAIN FAIR COMPETITION presence of anti-competitive behaviour or violation of anti- trust and monopoly legislation
ACTORS CORRUPTION public sector corruption _
active involvement of the enterprises in corruption and bribery MR
PROMOTING SOCIAL membership in an initiative that promotes social responsibility along the supply chain ~ ND
RESPONSIBILITY
SOCIETY CONTRIBUTION TO ECONOMIC contribution of the sector to economic development mo
DEVELOPMENT embodied value added total NA
public expenditure on education _
adult illiteracy rate (15+ years), male
adult illiteracy rate (15+ years), female _
adult illiteracy rate (15+ years), total _
youth illiteracy rate, male
youth illiteracy rate, female
HEALTH AND SAFETY health expenditure, total MR
health expenditure, public R
health expenditure, out-of-pocket MR
health expenditure, external resources _
life expectancy at birth _
domestic and external health expenditure ND
domestic general government health expenditure ND
presence of commission or institutions to detect violations of standards and protectND
consumers from health and safety risks
global peace index R
presence of management measures to assess consumer health and safety
PREVENTION AND MITIGATION OF  risk of conflicts _
CONFLICTS
LOCAL ACCESS TO MATERIAL RESOURCES level of industrial water use (related to total withdrawal) MR
COMMUNITY level of industrial water use (related to actual renewable resources)

extraction of biomass (related to area)

extraction of biomass (related to population)
extraction of fossil fuels

extraction of industrial and construction minerals
extraction of ores

certified environmental management systems (cems)

RESPECT OF INDIGENOUS RIGHTS

presence of indigenous population
indigenous people rights protection index

z

A

SAFE AND HEALTHY LIVING
CONDITIONS

contribution of the sector to environmental load
pollution level of the country

drinking water coverage (safely managed)
sanitation coverage (safely managed)

LOCAL EMPLOYMENT

unemployment rate in the country

MIGRATION

international migrant workers in the sector
international migrant stock

net migration rate

asylum seekers rate

emigration rate

immigration rate MR
human rights issue faced by migrants NA
GHG FOOTPRINTS emboided co2 footprint ND
emboided co2-eq footprint ND
ENVIRONMENTAL FOOTPRINTS emboided agricultural area footprint ND
emboided forest area footprint ND
emboided water footprint ND

ND (no data); NO (no opportunity); VLR (very low risk); LR (low risk); MR (medium risk); HR (high risk), VHR (very high risk). NA (not available/applicable)

ND no data, NO no opportunity, VLR very low risk, LR low risk, MR medium risk, HR high risk, VHR very high risk, NA not available/applica-

ble
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Regarding the “Certified environmental management
systems” indicator, data was obtained both from organisa-
tions that have certified their environmental management
systems according to ISO 14001:2015 and from databases
as suggested by the PSILCA manual. This indicator meas-
ures the presence of certified environmental management
systems (EMS) per sector relative to the number of employ-
ees. ISO 14001 certifications are used as a proxy for compa-
nies’ environmental commitment. Data from the ISO study
and ILOSTAT are normalized per 10,000 employees. Risk
assessment is based on normalized values, categorised from
very low to very high risk. For this indicator, the result of
the assessment is “Very Low Risk” (Table 8).

Ponzio company, the organisation of this case study,
also boasts a certified environmental management system
compliant with ISO 14001:2015 since 1999, as reported in
Table 9, marking itself as a pioneer in the Abruzzo region
and within its sector in Italy for enrolling in the EMAS
(Environmental Management and Audit Scheme), with cer-
tificate number IT-000022.

For indicators, such as “Expenditures on Education” or
“Illiteracy”, the collection was carried out using data from Ital-
ian national agencies, such as the Instituto Nazionale di Statis-
tica (ISTAT), or international agencies, such as Eurostat. When
available, the most recent data by sector or by country has
been used. Some of the indicators suggested by the PSILCA
v.3 Database Documentation have not been taken into account
due to lack of data. For example, the indicator “Respect for the
Rights of Indigenous Peoples” was considered “not applicable”
to the Italian context. This indicator should be further explored
by considering, for Italy or other European countries, ethnic/
linguistic minorities rather than indigenous peoples which, if
anything, concern other nations. Furthermore, PSILCA v.3
Database Documentation does not provide indications where
to find data for the new indicators which are also excluded
(i.e., Embodied CO?2 footprint; Embodied CO2-eq footprint;
Embodied agricultural area footprint; Embodied Forest area
footprint; Embodied water footprint; Number of threatened
species Embodied value added total).

These indicators were considered ND (i.e., no data) as
regards the risk assessment (see Table 9) or as for the sub-
category “Child Labour”, where in the period considered
2010-2020 by the World Bank database, as regards Italy, no
matching records were found.

All data for background processes were obtained from the
PSILCA database. However, these processes were managed
as activities carried out in Italy and this probably influenced
the final results. It would be interesting to see how the pro-
duction of raw materials located, for example, outside the
Italian territory would influence potential social risks.

4 Results and discussion
4.1 The social risk assessment results

Table 9 shows the assignment of risk levels to the observed
indicator values. As mentioned above, the assessment of
the indicators observed in PSILCA is predominantly on a
negative scale ranging from no risk to very high risk. On
the other hand, for a few other indicators, a scale of four
opportunities is used, for example, is the case for the indica-
tor “Contribution of the sector to economic development”,
which can be rated as none, low, medium and high opportu-
nity. The United Nations Statistical Commission (UNSTAT)
was the source for the data for this indicator.

Regarding the “value chain actors” stakeholder, the most
significant social risk is “public sector corruption” indicator
that typically affects public institutions and governments,
which the result was “Very high risk”. The negative evalua-
tion is the result of the annual statistical data released by the
Corruption Perceptions Index (CPI) of Transparency Inter-
national, which places Italy, in the ranking of countries in
the world based on the levels of perceived corruption (Trans-
parency International 2022), far behind compared to other
developed countries. The degree of perceived corruption in a
country is indicated on a scale from 0 to 100, where O means
a country is perceived to be highly corrupt and 100 means
it is perceived to be spotless (Transparency International
2022). Italy has been suffering from this negative aspect for
years, despite recent improvements (The Local Italy 2022),
collecting a score of 56/100 in 2022 and ranking 41st out of
180 countries measured.

Concerning the stakeholder Society, “High Risk” emerged
for the indicator “Public expenditure on education”. The data
provided by OECD (OECD 2022), showed that compared
to the average of the OECD countries, whose expenditure
on education is 3.1% of GDP, in Italy expenditure drops to
2.8% of GPD. As far as the “local community” stakeholder
is concerned, it can be assessed on the basis of the nega-
tive and/or positive impacts generated by an organisation’s
activities and impacting the local community. The indicators
for this stakeholder are all related to the quality of access to
material resources (i.e., water, land, mineral and biologi-
cal resources) and the degree of environmental protection
(Maister et al. 2020). For this stakeholder, the indicator with
the most negative impact is the level of industrial water use
(Medium Risk), which assumes that high withdrawal levels
affect local communities through pollution and health risks,
the destruction of local economic structures and a general
deterioration of the quality of life (Maister et al. 2020). In
contrast, as far as the indicator “Certified environmental
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Table 10 Results by social indicators in medium risk hours for background processes for the five internal processes of the organisation to pro-
duce 1 kg of FU

Processes —> 1 2 3 4 5
Indicator Raw material Thermal break  Storage Coating and Packaging
incoming assembly Stoving
Active involvement of enterprises in corruption and bribery 3.55 3.15 3.23 6.12 6.59
Anti-competitive behaviour or violation of anti-trust and 1.10 0.90 0.91 1.31 1.42
monopoly legislation
Association and bargaining rights 2.17 1.82 1.84 2.84 3.07
Biomass consumption 28.81 22.84 22.84 26.60 29.09
Certified environmental management system 4.36 3.46 3.47 4.11 4.49
Child labour, female 0.76 0.61 0.61 0.76 0.83
Child labour, male 3.14 2.49 2.49 291 3.18
Child labour, total 0.49 0.39 0.39 0.48 0.53
Contribution of the sector to economic development -1.74 -1.71 —1.80 —4.43 —4.74
DALYs due to indoor and outdoor air and water pollution 0.13 0.14 0.14 0.40 0.43
Drinking water coverage 2.69 2.14 2.14 2.54 2.77
Embodied agricultural area footprints 0.00 0.00 0.00 0.00 0.00
Embodied biodiversity footprints 0.09 0.07 0.07 0.08 0.09
Embodied forest area footprints 0.00 0.00 0.00 0.00 0.00
Embodied water footprints 0.01 0.01 0.01 0.01 0.01
Expenditures on education 9.69 11.01 11.84 37.21 39.63
Fair salary 62.81 53.13 53.97 86.45 93.47
Fatal accidents 0.02 0.02 0.02 0.04 0.05
Fossil fuel consumption 0.01 0.02 0.02 0.04 0.04
Frequency of forced labour 0.02 0.02 0.02 0.04 0.05
Gender wage gap 1.87 1.81 1.89 4.54 4.86
GHG footprints 1.00 0.80 0.80 0.94 1.03
Goods produced by forced labour 0.14 0.14 0.15 0.41 0.44
Health expenditure 3.54 3.51 3.69 9.23 9.87
Illiteracy, female 2.04 1.65 1.66 2.18 2.37
Illiteracy, male 1.65 1.31 1.31 1.54 1.69
Illiteracy, total 1.67 1.33 1.33 1.56 1.71
Indigenous rights 0.21 0.17 0.17 0.20 0.22
Industrial water depletion 17.94 17.87 18.79 47.60 50.89
International migrant stock 222 2.09 2.18 4.87 5.22
International migrant workers (in the sector/ site) 1.03 1.15 1.24 3.78 4.03
Life expectancy at birth 0.14 0.11 0.11 0.13 0.15
Men in the sectoral labour force 0.02 0.02 0.02 0.04 0.05
Migration flows 5.15 4.45 4.54 7.87 8.49
Minerals consumption 0.86 0.71 0.72 1.10 1.19
Net migration 0.13 0.14 0.15 0.40 0.43
Non-fatal accidents 1.24 1.31 1.40 3.97 4.23
Pollution 3.50 3.11 3.19 6.07 6.53
Promoting social responsibilty 14.67 11.63 11.63 13.53 14.80
Public sector corruption 119.30 127.79 136.12 392.70 418.83
Risk of conflicts 1.48 1.17 1.17 1.37 1.50
Safety measures 0.71 0.56 0.56 0.66 0.72
Sanitation coverage 0.96 0.76 0.76 0.91 1.00
Social security expenditures 1.92 1.53 1.53 1.79 1.96
Trade unionism 10.08 8.32 8.40 12.07 13.10
Trafficking in persons 3.83 3.37 3.45 6.39 6.88
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Table 10 (continued)

Processes —> 1 2 3 4 5
Indicator Raw material Thermal break  Storage Coatingand ~ Packaging
incoming assembly Stoving
Unemployment 1.33 1.39 1.47 4.05 4.33
Value added (total) 11.21 8.88 8.88 10.29 11.26
Violations of employment laws and regulations 2.37 1.88 1.88 2.23 243
Weekly hours of work per employee 2.86 2.60 2.68 5.46 5.87
Women in the sectoral labour force 1.48 1.51 1.59 421 4.49
Workers affected by natural disasters 0.43 0.38 0.38 0.68 0.73
Youth illiteracy, female 0.27 0.22 0.22 0.28 0.31
Youth illiteracy, male 0.19 0.16 0.16 0.21 0.22
Youth illiteracy, total 0.20 0.16 0.16 0.21 0.23

management systems (CMEs)” is concerned, the result is
“very low risk”. In Italy, there are 20,294 ISO 14001:2015
certificates (ISO 2022) including the one held by the organi-
sation in this case study.

Concerning the stakeholder “workers”, the subcategory
“fair wage" has three indicators: living wage, minimum wage;
sector average wage. “A fair wage is one that is fairly and
reasonably commensurate with the value of a particular ser-
vice or class of services rendered and, in establishing a fair
minimum wage for that service or class of services” (Maister
et al 2020). As explained above, there is no minimum wage
in Italy. So only the indicators “living wage” and “sector aver-
age wage” were assessed. The first indicator as suggested by
PSILCA v.3 Database Documentation was identified at www.
wageindicator.org. The sector average wage was identified by
consulting the National Collective Agreements of the sector
belonging to the organisation (Contratto Collettivo Nazionale
Metalmeccanici-CCNL). Collective bargaining in Italy pro-
tects workers belonging to different categories of industries
including “Metalmeccanica” industry to which the case study
organisation belongs. The result of the indicator is Low Risk
given by the ratio between the average industrial sector wage
i.e. wages from level D1 to level Al applied from June 2022
to May 2023 (CCNL 2021) and the living wage (Wage Indi-
cator 2019).

Another significant result for this stakeholder was the
“trade union density” indicator, which as pointed out by some
researchers, tells us very little about the actual freedom of asso-
ciation in countries because it only gives us a general impres-
sion of the associative culture in different sectors and countries
(Hayter and Stoevska 2011). This indicator was assessed both
on a national and organisation level. High risk is the result of
the indicator at the national level, confirmed by the case study
of Tsalidis et al. (2024), where in Italy the percentage of work-
ers who are members of a trade union is 32.5%. However, this
percentage is higher than the OECD average of 15.8%. At the
organisation level, the organisation exceeds 50% of employees
who are members of at least one trade union.

A separate consideration is made for the indicator Con-
tribution of the sector to economic development. The
data comes from the United Nations Statistics Division
(UNSTAT), which provides the shares of the different sec-
tors in the total GDP (Maister et al. 2020). The data is used
to measure the positive impacts of the industrial sector on a
society. In this case, the sector identified was Manufacturing
(ISIC D) and the result was Medium Opportunity.

4.2 Social hotspots assessment
of background processes

All background processes of the aluminium supply chain
were also evaluated with PSILCA within the openLCA soft-
ware. As explained in the previous section once the product
system was modelled, it was possible to move on to the col-
lection and analysis of social impacts. (Di Noi et al. 2017).

Table 10 shows the results of the impact for all indicators.

Medium-risk hours are the number of working hours
along the supply chain that are characterised by a specific
or aggregate social risk. The highest social risk value is for
the impact “corruption in the public sector” that is due to the
sector and, in particular, at the country level (Italy) where
the corruption is one of the main social risks occurs (Trag-
none et al. 2023).

Respect to the “Top five Impact Categories” for all 55
evaluated impact categories, it emerged that the process “raw
material incoming” is in the “top five” of 32 of 55 categories
(see Supplementary Materials). This result shows that back-
ground processes generate most of the potential social risks.
The other social impacts generated that are often repeated are
for example: “Mining of minerals”, “chemical raw materials”,
“manufacture of chemicals” and “manufacture of plastics”.

The “Fair Salary” represents the second potential risk
after corruption in the public sector. The concept of fair
salary linked to the stakeholder “workers” refers to a com-
pensation that is just and proportionate to the value of the
service provided, taking into account the nature of the work
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Table 11 Contribution to the impact category “Contribution of the
sector to economic development” by location

Location/Process Amount Unit

Italy — IT 15.57380 CE med risk hours
China—CN 0.98697 CE med risk hours
France — FR 0.61709 CE med risk hours
Iran, Islamic Republic of—IR 0.15768 CE med risk hours
India—IN 0.15118 CE med risk hours
Germany—DE 0.13311 CE med risk hours

performed (Maister et al. 2020). This concept supports sus-
tainable development and social inclusion, central to EU
policies. The results obtained with PSILCA for this social
indicator highlight the critical role of the supply chain,
as emphasized in a previous study (Di Noi et al. 2020),
which reveals that many risks related to fair wages primar-
ily concern the raw materials industries, especially those
outside the EU.

The “industrial water depletion” indicator assesses
whether stakeholder “local community” faces restrictions in
accessing material resources due to commercial or industrial
activities, considering potential depletion and conflicts over
natural resources. In this study, it ranks as the third highest
potential risk. Organisations should safeguard community
access to resources such as water, land, minerals, and biolog-
ical resources while promoting access through infrastructure
development (Maister et al. 2020). Risk assessments gauge
the proportion of industrial water withdrawal and pressure
on renewable water resources, with risk scales indicating
potential levels of water stress (Maister et al. 2020).

The only positive impact is regarding the “Contribu-
tion of the sector to economic development”. The result is
presented with “- “ (minus) and green in Table 10 to dif-
ferentiate the positive effect between other impacts. These
indicators serve to evaluate the extent to which a particular

~ Map

sector contributes to the overall economic advancement of
a nation, typically gauged by its contribution to the Gross
Domestic Product (GDP) of said country. Remarkably, this
indicator stands as the sole positive metric under consid-
eration (Eisfeldt and Ciroth 2017). Its assessment encap-
sulates diverse facets of sectoral contributions to economic
development, spanning investment in business and infra-
structure, job creation, as well as specialized education
and training initiatives. Consequently, it is characterised by
levels of opportunity, wherein lower levels denote compar-
atively nominal contributions vis-a-vis other sectors, while
higher levels signify a distinctly positive impact. This dis-
cernment emanates from the cumulative contributions of
the sectors from which our inputs are derived, exempli-
fied here by the “aluminium sector”, which assumes a
pivotal role within the Italian industrial landscape. Within
Italy, the aluminium sector holds strategic significance
across various domains, including mechanical manufac-
turing, automotive production, construction of transporta-
tion infrastructure, building and construction endeavors,
packaging enterprises, electrical engineering ventures, as
well as furniture and design industries. Such multifaceted
involvements underscore its integral role in bolstering eco-
nomic development across diverse sectors and domains
within the national economy (ATF 2019).

The contribution of the sector for Italy is positive
(Table 11) in contrast to the other countries (i.e. China
and France), because very low values are assumed to make
no significant contribution to the country's development.
Results on most contributing locations can be displayed on
a map, as in Fig. 4. Probably, the modelling of the product
system caused the result of the impact category to focus
mainly on Italy, omitting the recent global developments of
the aluminium sector, which, for example, has been identi-
fied by China as one of the key sectors of the country’s
economy (Pandey and Prakash 2020).

Fig.4 The map shows the countries with the contribution to the impact category “Contribution of the sector to economic development” by loca-

tion. In red is the highest country (source OpenLLCA)
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Table 12 Results by social indicators in medium risk hours for foreground processes (in blue) for the five internal processes of the organization
to produce 1 kg of FU compared with background processes

PROCESSES ——-> 1-Raw mgterial 2-Thermal 3-Storage 4-Coatir}g and 5-Packaging
incoming break assembly Stoving
INDICATOR backgro|foregro|backgro|foregro [backgro|foregro|backgro|foregro|backgro|foregro
und und und und und und und und und und

Active involvement of enterprises in corruption and
bribery 355 | 09 | 315 [ 0,33 | 323 | 0,08 | 6,12 | 242 | 6,59 | 0,16
Anti-competitive behaviour or violation of anti-trust
and monopoly legislation 1,10 { 0,10 | 0,90 | 0,03 | 0,91 0,01 1,31 0,24 | 1,42 | 0,02
Association and bargaining rights 217 10,29 | 1,82 | 0,10 | 1,84 | 0,02 | 2,84 | 0,73 | 3,07 | 0,05
Biomass consumption 28,81 | 0,02 | 22,84 | 0,01 | 22,84 | 0,00 | 26,60 | 0,05 | 29,09 | 0,00
Certified environmental management system 4,36 0,01 3,46 0,00 3,47 0,00 | 4,11 0,02 | 4,49 0,00
Child Labour, female 0,76 | 0,01 0,61 0,00 | 0,61 0,00 | 0,76 | 0,02 | 0,83 | 0,00
Child Labour, male 3,14 2,49 2,49 2,91 3,18
Child Labour, total 0,49 | 0,01 0,39 | 0,00 | 0,39 | 0,00 | 0,48 | 0,02 | 0,53 | 0,00
Contribution of the sector to economic development | -1,74 | -0,96 | -1,71 | -0,33 | -1,80 | -0,08 | 443 | -242 | -4,74 | -0,16
DALYs due to indoor and outdoor air and water
pollution 0,173 | 0,10 | 0,14 | 0,03 | 0,14 | 0,01 0,40 | 0,24 | 0,43 | 0,02
Drinking water coverage 2,69 | 0,01 214 | 0,00 | 2,14 | 0,00 | 254 | 0,02 | 2,77 | 0,00
Embodied agricultural area footprints 0,00 0,00 0,00 0,00 0,00
Embodied biodiversity footprints 0,09 0,07 0,07 0,08 0,09
Embodied forest area footprints 0,00 0,00 0,00 0,00 0,00
Embodied water footprints 0,01 0,01 0,01 0,01 0,01
Expenditures on education 969 | 964 | 11,01 | 3,33 | 11,84 | 0,83 | 37,21 | 24,18 | 39,63 | 1,58
Fair Salary 62,81 | 9,74 | 53,13 | 3,37 | 53,97 | 0,84 | 86,45 | 24,45 | 93,47 | 1,60
Fatal accidents 0,02 | 0,01 0,02 | 0,00 | 0,02 | 0,00 | 0,04 | 0,02 | 0,05 | 0,00
Fossil fuel consumption 0,01 0,01 0,02 0,00 0,02 0,00 0,04 0,02 0,04 0,00
Frequency of forced labour 0,02 0,01 0,02 0,00 0,02 0,00 0,04 0,02 0,05 0,00
Gender wage gap 1,87 | 0,96 | 1,81 0,33 | 1,89 | 0,08 | 454 | 242 | 486 | 0,16
GHG Footprints 1,00 0,80 0,80 0,94 1,03
Goods produced by forced labour 0,14 0,10 0,14 0,03 0,15 0,01 0,41 0,24 0,44 0,02
Health expenditure 3,54 | 2,03 | 3,51 0,70 | 369 | 0,18 | 9,23 | 5,10 | 9,87 | 0,33
llliteracy, female 204 | 0,10 | 165 | 0,03 | 1,66 | 0,01 218 | 0,24 | 2,37 | 0,02
llliteracy, male 1,65 | 0,01 1,31 0,00 | 1,31 0,00 | 1,54 | 0,02 | 1,69 | 0,00
llliteracy, total 1,67 | 0,01 1,33 | 0,00 | 1,33 | 0,00 | 1,56 | 0,02 | 1,71 0,00
Indigenous rights 0,21 0,17 0,17 0,20 0,22
Industrial water depletion 17,94 | 10,60 | 17,87 | 3,66 | 18,79 | 0,92 | 47,60 | 26,60 | 50,89 | 1,74
International migrant stock 222 |1 09 | 2,09 [ 0,33 | 2,18 | 0,08 | 487 | 242 | 522 | 0,16
International migrant workers (in the sector/ site) 1,03 | 0,96 1,15 | 0,33 1,24 | 0,08 | 3,78 | 242 | 4,03 | 0,16
Life expectancy at birth 0,14 0,11 0,11 0,13 0,15
Men in the sectoral labour force 0,02 | 0,01 0,02 | 0,00 | 0,02 | 0,00 | 0,04 | 0,02 | 0,05 | 0,00
Migration flows 515 | 1,07 | 445 [ 037 | 454 | 009 | 787 | 268 | 849 | 0,18
Minerals consumption 0,86 0,11 0,71 0,04 0,72 0,01 1,10 0,27 1,19 0,02
Net migration 0,13 [ 0,10 | 0,14 | 0,03 | 0,15 [ 0,01 0,40 | 0,24 | 0,43 | 0,02
Non-fatal accidents 1,24 | 0,96 | 1,31 0,33 | 140 | 0,08 | 397 | 242 | 423 | 0,16
Pollution 3,50 | 0,96 | 3,11 0,33 | 3,19 | 0,08 | 6,07 | 242 | 6,53 | 0,16
Promoting social responsibilty 14,67 11,63 11,63 13,53 14,80
Public sector corruption 119,30 | 96,39 | 127,79 | 33,31 | 136,12 | 8,33 |392,70|241,85|418,83 | 15,82
Risk of conflicts 1,48 1,17 1,17 1,37 1,50
Safety measures 0,71 0,56 0,56 0,66 0,72
Sanitation coverage 0,96 | 0,01 0,76 | 0,00 | 0,76 | 0,00 | 0,91 0,02 | 1,00 | 0,00
Social security expenditures 1,92 | 0,01 1,53 | 0,00 | 1,53 | 0,00 | 1,79 | 0,02 | 1,96 | 0,00
Trade unionism 10,08 | 0,96 | 8,32 | 0,33 | 8,40 | 0,08 | 12,07 | 2,42 | 13,10 | 0,16
Trafficking in persons 383 | 09 | 3,37 [ 0,33 | 345 | 0,08 | 6,39 | 242 | 6,88 | 0,16
Unemployment 1,33 [ 096 | 1,39 | 0,33 | 147 | 0,08 | 405 | 242 | 4,33 | 0,16
VValue added (total) 11,21 8,88 8,88 10,29 11,26
Violations of employment laws and regulations 237 | 0,02 | 1,88 | 0,01 1,88 | 0,00 | 2,23 | 0,05 | 2,43 | 0,00
Weekly hours of work per employee 286 | 09 | 260 [ 0,33 | 268 | 0,08 | 546 | 242 | 587 | 0,16
Women in the sectoral labour force 1,48 | 0,96 | 1,51 0,33 | 1,59 | 0,08 | 4,21 242 | 449 | 0,16
\Workers affected by natural disasters 0,43 0,10 0,38 0,03 0,38 0,01 0,68 0,24 0,73 0,02
Youth illiteracy, female 0,27 | 0,01 0,22 | 0,00 | 0,22 | 0,00 | 0,28 | 0,02 | 0,31 0,00
Youth illiteracy, male 0,19 | 0,01 0,16 | 0,00 | 0,16 | 0,00 | 0,21 0,02 | 0,22 | 0,00
Youth illiteracy, total 0,20 | 0,01 0,16 | 0,00 | 0,16 | 0,00 | 0,21 0,02 | 0,23 | 0,00
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4.3 Social hotspots assessment
of foreground processes

Table 12 shows the results of foreground (process level)
aggregated measured in medium-risk hours. As can be seen,
most of the social risks occur in background processes and,
according to the literature review, it is easy to attribute them
to the production of the raw materials needed for the produc-
tion process, including mining for aluminium production,
which occurs in different areas of the globe.

Focusing on foreground processes, the comparative analy-
sis of social risks reveals notable trends. In particular, there
is a notable reduction in the impact of various social risk
indicators when examining their association with foreground
processes compared to their overall background impact. For
instance, indicators such as “Active involvement of enter-
prises in corruption and bribery”, “Association and bargain-
ing rights”, “Contribution of the sector to economic develop-
ment”, “Health expenditure”, “Public sector corruption”, and
“Trade unionism” show substantially lower impacts in the
foreground compared to their background counterparts. This
suggests that within specific operational phases, there might
be more stringent controls or mitigative measures in place,
resulting in a reduced risk profile for these social indicators.

These examples highlight how different operational con-
texts can influence the manifestation and mitigation of social
risks within the aluminium sector.

5 Limitations

This study significantly contributes to understanding the social
risks and opportunities within the aluminium supply chain.
However, it is important to acknowledge that certain methodo-
logical limitations may influence the interpretation of the results
in relation to existing literature in the field. In particular, the use
of the PSILCA database via openLCA software to assess poten-
tial risks and opportunities has posed some challenges.

As highlighted in the literature review, bauxite extraction
and aluminium production are activities with significant envi-
ronmental, health, and social impacts. Our analysis has con-
firmed many of the concerns raised in the literature, particularly
regarding the impacts on the health of local communities and
the environmental pollution associated with extraction and refin-
ing phases. However, it has been noted that most studies focus
on bauxite extraction regions, while there is a lack of specific
research on the social implications of aluminium production.

The limitations of our study, such as the lack of primary
data collected in the field and the limited representative-
ness of the generic data used in the model, may have influ-
enced our ability to fully assess the social impacts of the
aluminium supply chain in Italy. Therefore, it is necessary to
evaluate our results with caution in light of these limitations
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and consider the need for further research to address these
gaps as, for instance, the social performance of the windows
productions through a Reference Scale Approach (Type 1).

6 Conclusions

The assessment of potential social risks related to
the aluminium window supply chain is not yet widely
used in the field of social sustainability and especially
through the S-LCA methodology. Although the Guide-
lines revised in 2020 provide clarity on the methodol-
ogy and how to implement an S-LCA, there are hardly
any scientific publications on its use in the aluminium
window supply chain. Since the late 1990s, this sector
has focused more on the implementation of LCA tools to
assess environmental impact, especially considering the
role that windows and doors play in the energy consump-
tion of buildings.

In this study, we conducted an analysis of the aluminium sup-
ply chain using PSILCA, starting from an intermediate product
of aluminium windows to understand the potential social risks
associated with this sector and to fill the gap in the research.

Regarding the potential social risks related to the produc-
tion of the intermediate product, we relied on foreground
results derived from PSILCA. However, we believe it would
be useful to further investigate using other tools, as the
PSILCA database is better suited for modelling the social
impacts of supply chains or production systems, rather than
conducting product-level inquiries. In this regard, for a more
detailed analysis of the potential social impacts and risks of
an intermediate aluminium product, one can refer to the case
study by Di Giorgio et al. (2022), where an impact assess-
ment was conducted according to the Type 1 or Reference
Scale Assessment Approach.

As for the background processes, the results for the sec-
tor and potential associated risks could be related to baux-
ite mining and alumina refining activities. However, it is
important to remember that PSILCA data are aggregated at
the sectoral and metals level in general, not specifically for
aluminium, which may lead to uncertainties in the results.

The assessment of background processes revealed many
social problems that could be improved with the commit-
ment of organisations, (i.e., to improve indicators such as
“trade union density” or “gender wage gap”). But, when
an organisation’s commitment is evident through specific
data collected on site, it is hardly visible when used within
databases such as PSILCA, as evaluations based on generic
data generally overlook a commitment of the organisation to
one or more stakeholders. Also, potential social risk is dif-
ficult to improve where organisations have no influence on
them. Social risk can only be mitigated by decisions at the
country level. This emerged for some social indicators such
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as “adult illiteracy rate” or “public expenditure on educa-
tion” inherent to the stakeholder “society”. In this manner,
the results acquired through PSILCA could be compared and
validated against the social assessment relying on primary
data collection, thereby potentially facilitating other S-LCA
studies encompassing additional companies within the alu-
minium supply chain utilized for windows.

Although the literature suggests that potential risks often
concentrate in the early stages of the supply chain, using
PSILCA, it was adopted a more generic approach, evaluating
the entire chain without specifically focusing on a particular
phase, such as bauxite extraction.

The results of the case study highlighted a range of potential
risks along the entire aluminium supply chain, including issues
related to environmental sustainability, worker safety and social
impacts on the involved local communities. It is noteworthy that
many of these risks can be directly or indirectly associated with
the initial phases of the chain, including bauxite extraction and
subsequent refining to extract alumina.

However, in the future, the use of a generic approach in
assessing risks in complex industrial contexts, such as the
aluminium industry, should be carefully evaluated. Future
research could delve into specific operations along the sup-
ply chain and their impact on social risks, thereby enabling
a more detailed and targeted understanding of potential risks
and mitigation strategies.
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