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MSocial Life Cycle Assessment (S-LCA) uses a life cycle perspective to assess social impacts of products, and the SLCA guidelines describe developing the system boundaries based on a factory-level perspective. However, such a
perspective may exclude stakeholders with a negative social performance which are cooperating with a factory
but are not directly involved with the product under study, and it can result in a step back on corporate social
responsibility (CSR). Our study aimed to align S-LCA with the CSR concept. Therefore, we designed a case study
for the manufacturing sector in which we practiced expanding the system boundaries of S-LCA. Our results
showed larger social risks after expanding the system boundaries due to subsidiary and supplier companies
located in countries with less strict regulations than the Netherlands, which is where the main organizations and
parent company existed. We conclude that system boundaries expansion can result in more complete picture of
the involved organizations, and lead practitioners to approach S-LCA with the goal of improving social conditions
and identify companies which deserve excellent or poor social scores. Its usefulness is mostly expected when SLCA practitioners aim to identify social hotspots in supply chains in socially sensitive markets.

1. Introduction
Two reasons why multinational corporations transfer parts of their
production lines to other countries or purchase companies at several
locations are to reduce production costs or to expand to new markets.
However, in some cases, this may also result in an undesired increase of
social impacts. The question of parent and subsidiary companies’ lia
bility is explained by the UNGP and the OECD Guidelines (UNGP, 2011),
but the question of buyer and subcontracting company liability for
abuses of human rights committed at locations other than the main
location of the parent company remains mainly in the field of tort law
(den Heijer and Lawson, 2009). Social performance goals of organiza
tions are in line with the sustainable development goals (SDG), such as
“SDG 8: Decent work and economic growth” (Pogge and Sengupta,
2016) and Social life cycle assessment (S-LCA) is a framework that uses a
life cycle perspective to calculate social impacts of a product. Therefore,
subsidiary’s and subcontracting companies’ liability is addressed in the

S-LCA system boundaries only when it is directly related with the
analyzed product. As a result, production lines of subsidiary and sub
contracting companies which are not part the product’s system bound
aries are not considered and companies which cooperate with the former
receive excellent social scores.
Over the last decades, companies have been able to decrease their
bottom line significantly by sourcing materials and products interna
tionally. However, this also resulted in several incidents of workers
exploitation and workers committing suicide. In addition, communities
were affected negatively due to lethal accidents in neighboring factories,
and multinational companies were boycotted due to labor practices of
subcontractors (Sutherland et al., 2016). Research on CSR of multina
tional companies shows that, apart from purely commercial drivers,
country employment, workforce quality and benefits to local consumers
are the main drivers when deciding locations for their subsidiaries.
Country employment concerns human rights, such as minimum wages,
rights to association, women empowerment, and worker safety, while
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The guidelines explicitly state: “S-LCA will collect additional informa
tion on organization-related aspects along the chain” (UNEP/SETAC Life
Cycle Initiative, 2009, p. 38). On page 42 the guidelines state: “if S-LCA
looks at organizations’ management practices, its focus is always the
product and it will always try to get to the information that is related to
the facility where the unit process is located. That said, for many sub
categories, e.g. public commitments to sustainability issues, the infor
mation is available solely at the enterprise/organization level”
(UNEP/SETAC Life Cycle Initiative, 2009, p. 42). The S-LCA definition
includes two strengths that distinguish S-LCA from other social assess
ment methods: 1) its focus on the product and 2) the large range of social
impacts, which covers both the company’s behavior and socioeconomic
perspective (Zamagni et al., 2011). As a result, it is clear that even
though the guidelines suggest product-oriented and facility-level per
spectives, they also aim to cover companies’ behavior and the per
spectives of entire organizations.
The S-LCA guidelines mention a way of thinking that is similar to
environmental LCA when conceptualizing system boundaries. “There
are two scope dimensions impacted by this conceptualization: the pro
cesses or activities that are regarded part of the product life cycle, and
the ‘elementary flows’ or ‘pressures’ or other attributes of those pro
cesses/activities that may be accounted for in the data inventory”
(UNEP/SETAC Life Cycle Initiative, 2009, p. 55). Furthermore, in the
impact assessment phase, the social implications to be considered are
associated with the conduct of organizations along the life cycle. These
social aspects affect: 1) workers employed in the involved organizations,
2) surrounding local communities and 3) the society of the country.
National and regional socio-economic conditions, e.g. the cultural
setting, the legislation, etc., significantly influence an organization’s
conduct (Hauschild et al., 2008; UNEP/SETAC Life Cycle Initiative,
2009; Zamagni et al., 2011).
Based on the above, conceptualizing system boundaries in S-LCA
considers organizations directly involved with the product life cycle.
Furthermore, in the S-LCA guidelines (UNEP/SETAC Life Cycle Initia
tive, 2009) and methodological sheets (UNEP/SETAC Life Cycle Initia
tive, 2013), the term “liability” is mentioned only once, while the word
“subsidiary” is not mentioned at all and “subcontractor” is also not
mentioned but falls under the stakeholder category “Supply chain ac
tors”. Consider the following example: company A is selling product X
and one of their suppliers (supplier A) is manufacturing a component of
product X and other products at the same time. Supplier A might employ
child labor to manufacture other products but not a component which is
part of product X. When a practitioner applies S-LCA to evaluate the
social performance of product X by concentrating on the product system
itself, this lamentable behavior of supplier A will not be taken into ac
count because supplier A is carrying responsibility only for that part of
production comprised in product system X. This would constitute a step
back with regard to CSR and sustainable development because CSR
encourages companies to develop a strong sense of responsibility for and
within the whole organization (Zamagni et al., 2011) and was the un
derpinning theoretical perspective of the S-LCA guidelines (Baumann
and Arvidsson, 2020).
The relative nature of companies’ behavior in S-LCA is in contrast
with absolute physical flows in environmental LCA. Furthermore, it is
not certain if the concept of company behavior, i.e. considering the
involved companies’ and their subsidiary’s and suppliers’ responsibility
in product’s life cycle, can co-exist with the goal of S-LCA of improving
social conditions. In our previous work we showed that organizations
should aim to purchase equipment from suppliers which promote social
equality or suppliers operating in developed countries with strict social,
environmental and ethical regulations (Tsalidis et al., 2020). The aim of
this study is to investigate whether including subsidiary and subcon
tracting facilities, which do not belong to the product’s strict life cycle,
would result in increasing the completeness of social scoring and per
formance assessment with S-LCA. To do that, we developed an example
based on the Dutch chemical industry case study in order to investigate

workforce quality and benefits to local consumers regard local com
munity and workers characteristics, such as experience and local
employment (Ike et al., 2019).
The right to just and favorable working conditions, the right to work
and the right to join trade unions are well-established and protected
human rights by governmental laws and international documents, such
as the United Nations Guiding Principles on Business and Human Rights
(Human Rights Council, 2011a) and the Organization for Economic
Cooperation and Development Guidelines for Multinational Enterprises
(Bueno, 2017). The United Nations have highlighted the corporate re
sponsibility to human rights respect as a standard expectation for all
companies (Human Rights Council, 2011b).
Vicarious liability concerns the type of liability which emerges when
an entity is held liable for a wrong executed by the other (Kravtsova and
Kalinichenko, 2016); for instance a parent company is held responsible
for the acts of its subsidiary. To date, there is often an insurmountable
hurdle to hold parent corporations liable due to activities of (foreign)
subsidiaries . This happens due to the absence of international law about
parent-subsidiary liability and the fact that responsibility for parent
companies goes against primary principles of tort and company law.
Therefore, there is no consistent approach regarding decisions of the
courts concerning parent-subsidiary liability and states must provide
domestic remedies (Kravtsova and Kalinichenko, 2016; McConnell,
2014; Petrin and Choudhury, 2018). As a result, recent literature has
investigated whether a parent company can be held responsible due to
the its subsidiary’s acts. However, less focus has been on whether a
buyer can be held responsible due to the insufficient governance of its
supply chain (Salminen, 2018). Soft-law initiatives, such as OECD
Guidelines on Multinational Enterprises (OECD, 2011) and 2011 UN
Guiding Principles, were developed with a focus on buyer’s liability
because of contractual suppliers. However, any international hard law
instrument which aims to regulate global value chains faces an uncertain
political pipeline (Salminen, 2019).
The primary goals of corporate social responsibility (CSR) and S-LCA
are the protection of human rights, and protection and promotion of
human well-being (Dreyer et al., 2010). In general, both CSR and S-LCA
are voluntary, non-regulatory instruments which aim at self-regulation
and corporate responsibility (Tuomasjukka et al., 2014). CSR aims to
measure and document services and well-being of the employees and
society, including impacts to the environment, due to corporate actions
(Andersen and Skjoett-Larsen, 2009; Carroll, 2016). To make CSR more
applicable, in 2010 members of the ISO created a standard to offer
guidelines on how organizations can operate in a socially responsible
manner (Mahjoub, 2019). For instance, Crilly et al. showed that the
foreignness’ liability is greatly decreased when corporations proactively
engage to create positive externalities but is considerable when they
engage in “do-no-harm” CSR (i.e. focus on attenuating negative exter
nalities) (Crilly et al., 2016). In contrast to CSR, S-LCA has a developed
framework, but practitioners’ ways of application vary considerably due
to the absence of standardization.
S-LCA was developed by the United Nations and Society of Envi
ronmental Toxicology and Chemistry (SETAC), but in comparison to
environmental LCA, S-LCA is still in its infancy and under development
(Iofrida et al., 2018). There are two main guiding sources for S-LCA, the
S-LCA guidelines (UNEP/SETAC Life Cycle Initiative, 2009) and the
methodological sheets (UNEP/SETAC Life Cycle Initiative, 2013). The
goal of S-LCA guidelines is to “provide a map, a skeleton and a flash light
for stakeholders engaging in the assessment of social and
socio-economic impacts of products life cycle” (UNEP/SETAC Life Cycle
Initiative, 2009, p. 5). Even though it focuses on a product’s life cycle,
and consequently to product-oriented assessments, the S-LCA guidelines
emphasize on organization-oriented assessments as well (UNEP/SETAC
Life Cycle Initiative, 2009, p. 100). Even in product-oriented assess
ments, S-LCA practitioners need to develop their system boundaries
based on involved stakeholders and identify how the latter affect the
local community, workers, value chain actors, consumers and society.
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the difference in terms of S-LCA results with and without the hypo
thetical boundaries expansion. We selected the Dutch chemical industry
due to having strong ties to CSR reporting (CSR Netherlands, 2015).

Velden and Vogtlander (van der Velden and Vogtländer, 2017) assessed
the social performance of clothing production based on eco-points
calculated through LCA. Baumann et al.(Baumann et al., 2013)
assessed the social performance of airbags and considered cradle-to-gate
system boundaries with data collection based on literature and con
version of LCA indicator results to S-LCA indicators. Last, Subramanian
et al. (Subramanian et al., 2018) followed a cradle-to-grave perspective
to assess the performance of exposed softwood exterior cladding for 1
year. Table 1 shows that all these researchers limited their scope on
companies which were directly linked with the system under study or
used the SHDB, and consequently considered an average social perfor
mance of a whole sector.
All reviewed publications accounted for social impacts due to the
supply chain actors, but none of them accounted for stakeholders with
already existing equipment which was part of the production line. For
instance, Karlewski et al. (Karlewski et al., 2019) considered the supply
chain of involved materials in the production of a car, such as steel,
textile, biopolymers, etc., but they did not consider the production of the
machinery used in the car factory. Ekener-Petersen and Finnveden
(Ekener-Petersen and Finnveden, 2013) considered a generic laptop
production based on Ecoinvent database, therefore, they accounted for
national level data of all global organizations that exist in different life
cycle stages of a generic laptop. In environmental LCA it is common to
exclude from the system boundaries processes which contribute to the
final impact results minimally. However, in S-LCA the stakeholders and
processes which are expected to contribute to social impact results may
derive mainly from developing countries with higher social risks.
1 aimed to collect inventory data on a plant level. However, some
researchers claimed that this is impossible for many indicators, such as
“Salary” and “Hours of work”, because even if a company allows the
publication of such data of individual locations, there is usually no
central office to harmonize data of different locations. For instance, a
great deal of effort will be involved to ask for manage to collect data for
each individual location. Therefore, it is difficult to evaluate indicators
with a local reference (Karlewski et al., 2019).

2. S-LCA background
So far there are a few S-LCA publications which mention CSR.
Initially, researchers did not aim to develop S-LCA based on CSR, but to
convince companies to apply S-LCA in order to broaden their social re
sponsibility perspective (Jørgensen et al., 2009). A recent editorial on
the rigor of S-LCA (Grubert, 2018) presented that CSR literature contains
large amounts of empirical data which can be used as inputs for S-LCA
models. On the other hand, Sakellariou (Sakellariou, 2018) concludes
that even though CSR may provide the institutional frame within which
S-LCA becomes understandable, it may also conceal the historical
authenticity of sustainability engineering.
In this study it has been argued that there is a methodological limi
tation regarding system boundaries conceptualization in S-LCA. In
particular, we focused on human rights and how to account for liability
in S-LCA. Table 1 presents an overview of the literature review findings.
Sousa et al. (Souza et al., 2018) followed the S-LCA guidelines and
assessed the impact of Brazilian ethanol production. Therefore, these
authors used averaged Brazilian sectoral data for the ethanol production
process and expanded their system boundaries to the entire ethanol
supply chain. These authors did have a broader approach since they
were assessing the social impact of various sectors related to ethanol
production in Brazil, but they considered only processes/sectors which
were directly related to ethanol production in Brazil. Karlewski et al.
(Karlewski et al., 2019) followed a life-cycle S-LCA approach to
conceptualize system boundaries and collect data only at company level.
Ekener-Petersen and Finnveden (Ekener-Petersen and Finnveden, 2013)
assessed the social impacts of producing one generic laptop. Therefore,
these authors considered in their system boundaries all the laptop’s life
cycles and they used national level data to perform a hotspot analysis
assessment. Peruzzini et al. (Peruzzini et al., 2017) assessed the social
performance of a kitchen sink using surveys to result in a cradle-to-grave
system boundary. Zamani et al.(Zamani et al., 2018) and Lenzo et al.
(Lenzo et al., 2017) assessed the social performance of textile con
sumption in Sweden and production in Italy, respectively. While both
collected data from the Social Hotspot Database (SHDB), only Lenzo
et al. used facility-level data for the manufacturing process. Van der

3. Material and methods
Various researchers (Dreyer et al., 2006; Norris, 2006; Spill
emaeckers et al., 2004) argue that S-LCA is a company-based approach
that is solely based on companies’ conduct instead of on processes
embedded in a product life cycle. Their rationale is that most impacts on
people, aside from direct health effects on workers, are not caused by the
physical conditions of industrial processes. Rather, they argue that
companies’ principles, rules, procedures and management are the main
driving force causing social impacts to occur on stakeholders in a
product life cycle. The researchers therefore do not consider a process
approach as is taken in an environmental LCA to be suitable for S-LCA.
For the system boundaries setup, a primary question to ask is
whether to evaluate an entire supply chain or product life cycle, or a
shortened one. Schmidt et al. (Schmidt et al., 2004) argue that a system
boundary should cover the full life cycle of the product because the
impact can be present at any part in the product life cycle. Thus, these
researchers suggest that a product life cycle should not be shortened for
a S-LCA because other impacts may then be left out. In contrast, Dreyer
et al. (Dreyer et al., 2006) claim that only a focal company and its closest
value chain actors are relevant in a system boundary for a S-LCA. Their
view is in alignment with the suggested organizational-based S-LCA
approach (Martínez-Blanco et al., 2015), which highlights the com
panies and stakeholders related to a specific part of a product life cycle.
In this study, the latter viewpoint is chosen and the boundaries include
only the stakeholder groups that are affected by the organizations in the
closest value chain.

Table 1
Data sources and system boundaries conceptualization
Reference

Supply
chain

Manufacturing

Use

Scope 2
bBoundaries
expansion

(Karlewski et al.,
2019)
(Ekener-Petersen
and
Finnveden,
2013)
(Zamani et al.,
2018)
(Lenzo et al.,
2017)
(Souza et al.,
2018)
(Peruzzini et al.,
2017)
(Baumann et al.,
2013)
(van der Velden
and
Vogtländer,
2017)
(Subramanian
et al., 2018)

Company
level
National
level

Company level

Company
level
National
level

Indirectly

SHDB

SHDB

SHDB

Indirectly

SHDB

Facility level

-

No

Sector

Sector

-

Indirectly

Company
(survey)
Literature
and DALYs
Eco-costs

Company
(survey)
Literature and
DALYs
Eco-costs

Company
(survey)
Literature
and DALYs
-

No

Company
level

Company level

Company
level

No

National level

Indirectly

No
No
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3.1. Case study

risks with respect to social behavior for “Human rights” subcategories.
There has been progress for labor rights in China and India but they
remain considerably lower than in developed countries (Puddington and
Roylance, 2016; Sarkar, 2019). Therefore, a subsidiary and supplier
were selected in those two countries. The system functionality is to
produce ultra-pure demineralized water, but a functional unit is not
essential in S-LCA studies. Impacts may not be possible to be expressed
in relation to the functional unit when dealing with data and
semi-quantitative and qualitative indicators (UNEP/SETAC Life Cycle
Initiative, 2009; Zamagni et al., 2011). Therefore, no functional unit was
used in this study to compare potential risks due to the operation of each
stakeholder.
Fig. 2 illustrates the system boundaries. Based on the system
boundaries we employed a gate-to-gate approach, which is a partial LCA
that assesses only one value-added process in an entire production
chain. This is different from a cradle-to-grave or a cradle-to-gate
approach but we expect the results of this study to be applicable to
the other two approaches.

In order to investigate the effects on social performance of a parent
company and buyer, and when they are liable for the subsidiary’s and
supplier’s company social performance, respectively, a case study is
developed. The case study concerns the Dutch chemical industry
because many Dutch multinational chemical companies operate outside
the Netherlands and there is a strong connection between the Dutch
chemical industry and CSR reporting. The case study is developed based
on a facility level perspective to conceptualize the initial system
boundaries, and these initial system boundaries are expanded based on
an organization level perspective. Therefore, we considered past in
cidents which took place in the involved organizations facilities. We
decided to limit the case study to “Human rights” impacts due to being
one of the key themes of social sustainability. Guidelines (UNEP/SETAC
Life Cycle Initiative, 2009) assign six impact subcategories to human
rights: “Freedom of association and collective bargaining”, “Fair salary”,
“Hours of work”, “ Equal opportunities”, “Social benefit” and “Consumer
privacy”.
Moreover, there are two kinds of S-LCA studies, Type 1 and 2. Type 2
studies use characterization based on causality, meaning that causal
relations exists between inventory data and considered social impacts.
On the other hand, Type 1 studies use a Performance Reference Point
(PRP) approach to characterize the inventory data to social impacts
based on established nominal reference values. This case study is a Type
1 S-LCA study.

3.2.1. Activity variability
Activity variables measure the effects of process activities on process
outputs. They represent the product system in order to show how much
each unit process contributes to the system, and consequently which
parts of the product system contribute the most to the impact categories
and stakeholder groups (UNEP/SETAC Life Cycle Initiative, 2009). Ac
tivity variables were not considered due to the limited involved stake
holders in Scope 1 and the lack of physical links between Scope 2 and
Scope 1 stakeholders in relation to the system functionality. However, if
activity variables were implemented in this study, the specific scores in
Scopes 1 and 2 would change, depending on the activity variable (e.g.
working hours to provide the functional unit).

3.2. Goal and scope definition
Two scopes are considered: 1) a facility-based scope which includes
companies directly linked with the demineralized water plant (DWP)
and 2) an organization-based scope which includes subsidiaries and the
parent company. The first scope of the case study covers upstream Dutch
suppliers and downstream Dutch consumers of the DWP in Rotterdam,
the Netherlands. The second scope complements Scope 1 with a sub
sidiary of the downstream consumer in China, the parent company in the
broader Rotterdam area of the DWP and a supplier of the parent com
pany in India. Table 2 presents the three main companies chosen for
analysis based on Scope 1, each with different functions in the system:
the DWP, the salt supplier and the chlorine consumer. Table 2 also
presents the three added companies for Scope 2. Selection of locations
for companies in Scope 2 was done based on the locations of subsidiaries
and suppliers of companies in Scope 1 and also on data retrieved from
the Social Hotspot Database (SHDB) 2.1 (Benoit-Noriss et al., 2013;
Norris and Norris, 2015). Fig. 1 shows that China and India result in high

3.3. Life cycle inventory
Scope 1 consists of real data, and Scope 2 consists of theoretical data
from the developing countries and the Netherlands. For Scope 2, the
links with Scope 1 companies do not necessarily exist. Nevertheless, the
impact assessment calculations for Scope 2 companies was based on data
retrieved from the SHDB. This data (seen in Fig. 1) formed the expec
tations for impact assessment of Scope 2 companies. Regarding Scope 1,
the data collection was made through a desktop search of the most
recent (2018) corporate annual reports per stakeholder and the stake
holders’ websites were also consulted to acquire preliminary informa
tion about company-wide policies and practices. Then, interviews were
performed so as to determine if these indications of the desktop and
website search were met for the considered plant. The interview pro
tocol and collected information during this phase are available in the
Supplementary Materials (Tables S2-S4).

Table 2
Involved plants characteristics in Social Life Cycle Assessment system bound
aries development
Plant
Scope 1:
based on SLCA
guidelines
Salt plant
DWP

Location

Delfzijl
Port of
Rotterdam
Port of
Rotterdam

Capacity
(ktons.year− 1)

3,000 [1]
12.6 [1]

Product

Salt
Demineralized
water
Chlor-alkali
600 [1]
Chlorine
plant
650 [1]
Sodium
hydroxide
Scope 2: based on system boundaries expansion of this study
Chlor-alkali
China
38 [3]
Chlorine
plant 2
Water
Rotterdam
158,800,000
Drinking and
company
[2]
industrial water
DWP supplier
India
100 [3]
Equipment

3.4. Life cycle Impact Assessment

Employees

The Subcategory Assessment Method (SAM) (Ramirez et al., 2014)
was used to perform the social impact assessment step. SAM offers two
benefits: first it converts qualitative data into semi-quantitative data
and, second, it is able to compare different data types in a standardized
manner and arrive at meaningful results. For this purpose, PRPs are used
as thresholds (such as international agreements) to show the magnitude
and significance of collected data. This way, organizational performance
is calculated at four levels (A, B, C or D) for each social impact category
in relation to the achievement of PRPs, i.e. basic requirements, as pre
sented in Table 3. The definition of the Basic Requirements can be found
in Table S1.

400 [1]
70 [1]
230 [1]

500 [3]
730 [2]

4. Results and discussion

100 [3]

Table 4 shows the case study results per stakeholder based on Scopes

[1] (De Santo, 2019), [2] (Water company, 2019), [3] fictional values
4
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Fig. 1. Medium risk hours equivalent for “Human rights” subcategories per country and price (in $) of commodity, A: Chemicals, B: Metal products and C: Ferrous
metals (data retrieved from SHDB 2.1, Update 2016) (Benoit-Noriss et al., 2013; Norris and Norris, 2015)

Fig. 2. Social Life Cycle Assessment system boundaries of theoretical example. Black color indicates plants based on Scope 1 and red color indicates added plants due
to Scope 2

1 and 2. For Scope 1, all considered stakeholders fulfill or exceed the BR
per subcategory. Room for improvement remains, but it is limited and to
a certain extent not compulsory from a stakeholder’s perspective
because they already fulfill the BR based on Scope 1. On the other hand,

when Scope 2 is considered and due to working conditions in China and
India (Werker et al., 2019), the social risk due to the operation of the
Chlor-alkali plant in China and supplier in India is higher than Scope 1
stakeholders and Water company (parent company of DWP) in Scope 2.
5
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benefits” result in the highest median value, and for Scope 2 “Equal
opportunities”, “Social benefits” and “Fair salary” result in the highest
median value. An interesting point to acknowledge is that, while the
above-mentioned subcategories in Table 4 portray a negative perfor
mance for Scope 2, none of them exceeds a score of 3 when medians are
calculated (see Fig. 3). This is a result of the data types (ordinal values,
with median values calculated), stakeholders in Scope 1 performing
well, the limited expansion for Scope 2 and the fact that no activity
variables were used. If more plants in China, India or other countries
scoring low in “Human rights” subcategories (see Fig. 1) would be
considered, then the results would change. In addition, in this work we
have added two plants in developing countries and a plant in the
Netherlands for Scope 2. The latter scores well in “Human rights” sub
categories, therefore, the average performance of the expanded system
is levelled to the average performance of Scope 1 system. If the Water
Company would not have been considered, a greater negative effect
would have been observed in Scope 2 system.
Our case study concerns collecting data through interviews of
involved stakeholders’ representatives. This was not universally
observed in S-LCA studies (Ekener-Petersen and Finnveden, 2013;
Zamani et al., 2018; Lenzo et al., 2017; Souza et al., 2018; Baumann
et al., 2013) of the manufacturing sector because it is a time and data
intensive process. Furthermore, our study stands out of literature
focusing on developing S-LCA because it expands system boundaries to
comply with CSR (Jørgensen et al., 2009) and focuses on site-specific
indicators, not hotspot indicators (Cadena et al., 2019). All stake
holders in Scope 1 shaped the system boundaries in a comparable way to
studies in Table 1. Therefore, S-LCA results can only be applied in
analysis of products supply chains. Our Scope 1 results are in agreement
with relevant literature on the manufacturing sector of developed

Table 3
Weighting factors for SAM levels
Weighting
factor

SAM levels

D=4

Organization does not achieve the basic requirement in a positive
context
Organization does not achieve the basic requirement in a negative
context
Organization achieve the basic requirement
Positive and proactive organization behavior

C=3
B=2
A=1

The total SAM social score is up to two or three times larger between
Scope 1 and Scope 2 stakeholders. this difference is a result of strict
regulations present in the Netherlands in general as well as regulations
imposed on the chemical process industry in particular. The chemical
process industry can be considered to be under a microscope regarding
issues such as health and safety of the workers, local community
members and consumers, and thus there are extra laws around these
aspects that organizations must abide by (De Santo, 2019). These results
show that production of demineralized water in the Netherlands results
in a positive social performance score. However, if one would compare
the social performance of our system with a reference system where
subsidiaries or suppliers exist outside Europe, the results could be
similar to Scope 1 but different than Scope 2. Application of extended
system boundaries from a parent company or a buyer can identify social
risks due to Scope 2 expansion and take action in order to eliminate or
reduce them. Such an action will also lead to beneficial outcomes in the
social section of the company’s CSR or annual report and can be used by
the company for promotion purposes.
Fig. 3 shows that for Scope 1 “Equal opportunities” and “Social
Table 4
S-LCA results per stakeholder based on Scopes 1 and 2 (location in brackets)
Scope 2
Scope 1
Impact subcategory
Freedom of association and collective
bargaining
Fair salary
Hours of work
Equal opportunities
Social benefit
Consumer privacy
Median
Interquartile range
Total score

Salt plant
(NL)

DWP
(NL)

Chlor-alkali plant
(NL)

Chlor-alkali plant 2
(CH)

DWP supplier
(IN)

Water company
(NL)

1

1

1

4

4

1

1
1
1
2
1
1
0
7

2
1
2
1
1
1
0.75
8

1
2
2
2
1
1.5
1
9

2
4
3
4
2
3.5
1.75
19

3
4
4
4
2
4
0.75
21

2
1
2
1
1
1
0.75
8

Fig. 3. Median values and average media value for A: Scope 1 and B: Scope 2
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countries which shows that national regulations protect human rights
(Tsalidis and Korevaar, 2019) (Karlewski et al., 2019). On the other
hand, Scope 2 deviated from approaches followed from practitioners in
Table 1 and shows potential social risks of subsidiaries, suppliers and in
general companies which cooperate with the parent company in various
ways. Scope 2 results can identify potential risks regarding violations of
human rights in developing and emerging economies because the effects
of these violations on local communities depict the risks of unmanaged
supply chains (Govindan et al., 2021). As a result, such a boundaries
expansion can assist decision makers in supplier selection based on
sustainability principles (Yawar and Seuring, 2017). The latter can be
considered a step forward to further link S-LCA with CSR because CSR
can support organizations and products in socially sensitive markets
(Tuomasjukka et al., 2014).
In this study, a top-down and a bottom-up approach were used in
order to expand Scope 1 to Scope 2. This resulted in considering
stakeholders that show a worse or the same social performance in
relation to Scope 1 stakeholders. The reasoning behind that was that for
vicarious liability the parent company or the buyer are held liable; this
resulted in the top-down expansion to subsidiaries and suppliers. On the
other hand, in the bottom-up approach the parent company of the DWP
was considered. In both cases, if the goal is to identify places for
improvement, then it can be concluded that the top-down approach
results in more promising findings because the parent company is ex
pected to be more influential towards the subsidiary than the other way
around.
Limitations of our study exist due to the fact that we did not consider
activity variables in Scope 1 and Scope 2 stakeholders. The use of ac
tivity variables for Scope 2 stakeholders is challenging because the latter
may not be directly linked to the functional unit. Furthermore, it was not
possible to perform interviews with Chinese and Indian manufacturing
companies, instead the SHDB was used to select proper theoretical data
for some Scope 2 stakeholders. Nevertheless, the SHDB consists of
average sector data and these Scope 2 stakeholders may be outliers at
those datasets.

usefulness of the Scope 2 expansion is expected when S-LCA practi
tioners aim to identify social hotspots in supply chains in socially sen
sitive markets.
A Scope 1 stakeholder should not receive a priori an excellent score
when it cooperates with suppliers and subsidiaries where high social
risks are identified but only after thorough investigation for potential
Scope 2 companies and social risks. In addition, a top-down approach is
suggested to be followed when expanding the system boundaries in
order to identify places for improvement and key stakeholders which
will steer change. Last, we recommend the following: to conduct more
research on activity variables to improve understanding of the contri
bution of Scope 2 organizations in the overall social performance, to
perform interviews with Scope 2 stakeholder to capture an accurate
image of their social performance, and to select a large corporation to
apply S-LCA (with system boundaries expansion) and discuss results
with higher rank employees.
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Tsalidis, G.A., Gallart, J.J.E., Corberá, J.B., Blanco, F.C., Harris, S., Korevaar, G., 2020.
Social life cycle assessment of brine treatment and recovery technology: a social
hotspot and site-specific evaluation. Sustain. Prod. Consum. 22, 77–87. https://doi.
org/10.1016/j.spc.2020.02.003.
Tsalidis, G.A., Korevaar, G., 2019. Social life cycle assessment of brine treatment in the
process industry: a consequential approach case study. Sustainability 11, 5945.
https://doi.org/10.3390/su11215945.
Tuomasjukka, D., Berg, S., Lindner, M., 2014. Managing sustainability of fennoscandian
forests and their use by law and/or agreement: for whom and which purpose?
Sustainability 6, 18–49. https://doi.org/10.3390/su6010018.
UNEP/SETAC Life Cycle Initiative, 2013. The Methodological Sheets for Subcategories in
Social Life Cycle Assessment (S-LCA). UNEP/SETAC Life Cycle Initiative.
UNEP/SETAC Life Cycle Initiative, 2009. Guidelines for social life cycle assessment of
products. Social and socio-economic LCA guidelines complementing environmental
LCA and Life Cycle Costing, contributing to the full assessment of goods and services
within the context of sustainable development. UNEP/SETAC Life Cycle Initiative.
UNGP, 2011. OECD guidelines, for multinational enteprises. Chapter IV (Human Rights),
Commentary, para. 42. (Principle 19 Commentary). United Nations.
van der Velden, N.M., Vogtländer, J.G., 2017. Monetisation of external socio-economic
costs of industrial production: a social-LCA-based case of clothing production.
J. Clean. Prod. 153, 320–330. https://doi.org/10.1016/j.jclepro.2017.03.161.
Water company, 2019. Jaarverslag 2018.
Werker, J., Wulf, C., Zapp, P., 2019. Working conditions in hydrogen production: A
social life cycle assessment. J. Ind. Ecol. 23, 1052–1061. https://doi.org/10.1111/
jiec.12840.
Yawar, S.A., Seuring, S., 2017. Management of social issues in supply chains: a literature
review exploring social issues, actions and performance outcomes. J. Bus. Ethics 141,
621–643. https://doi.org/10.1007/s10551-015-2719-9.
Zamagni, A., Amerighi, O., Buttol, P., 2011. Strengths or bias in social LCA? Int. J. Life
Cycle Assess. 16, 596–598. https://doi.org/10.1007/s11367-011-0309-3.
Zamani, B., Sandin, G., Svanström, M., Peters, G.M., 2018. Hotspot identification in the
clothing industry using social life cycle assessment—opportunities and challenges of
input-output modelling. Int. J. Life Cycle Assess. 23, 536–546. https://doi.org/
10.1007/s11367-016-1113-x.

Dreyer, L., Hauschild, M., Schierbeck, J., 2006. A framework for social life cycle impact
assessment (10 pp). Int. J. Life Cycle Assess. 11, 88–97. https://doi.org/10.1065/
lca2005.08.223.
Dreyer, L.C., Hauschild, M.Z., Schierbeck, J., 2010. Characterisation of social impacts in
LCA. Part 1: development of indicators for labour rights. Int. J. Life Cycle Assess. 15,
247–259. https://doi.org/10.1007/s11367-009-0148-7.
Ekener-Petersen, E., Finnveden, G., 2013. Potential hotspots identified by social LCA Part 1: a case study of a laptop computer. Int. J. Life Cycle Assess. 18, 127–143.
https://doi.org/10.1007/s11367-012-0442-7.
Govindan, K., Shaw, M., Majumdar, A., 2021. Social sustainability tensions in multi-tier
supply chain: a systematic literature review towards conceptual framework
development. J. Clean. Prod. 279, 123075 https://doi.org/10.1016/j.
jclepro.2020.123075.
Grubert, E., 2018. Rigor in social life cycle assessment: improving the scientific
grounding of SLCA. Int. J. Life Cycle Assess. 23, 481–491. https://doi.org/10.1007/
s11367-016-1117-6.
Hauschild, M.Z., Dreyer, L.C., Jørgensen, A., 2008. Assessing social impacts in a life cycle
perspective—Lessons learned. CIRP Ann 57, 21–24. https://doi.org/10.1016/j.
cirp.2008.03.002.
Human Rights Council, 2011a. Human Rights and transnational corporations and other
business enterprises (No. UN Doc. A/HRC/RES/17/4). UN.
Human Rights Council, 2011b. Guiding principles on business and human rights:
implementing the United Nations “Protect, Respect and Remedy” framework: report
of the special representative of the secretary-general on the issue of human rights
and transnational corporations and other business enterprises (No. A/HRC/17/31),
SRSG ‘2011 Guiding Principles.’.
Ike, M., Denis Donovan, J., Topple, C., Masli, E.K., 2019. A holistic perspective on
corporate sustainability from a management viewpoint: evidence from Japanese
manufacturing multinational enterprises. J. Clean. Prod. 216, 139–151. https://doi.
org/10.1016/j.jclepro.2019.01.151.
Iofrida, N., Strano, A., Gulisano, G., De Luca, A.I., 2018. Why social life cycle assessment
is struggling in development? Int. J. Life Cycle Assess. 23, 201–203. https://doi.org/
10.1007/s11367-017-1381-0.
Jørgensen, A., Hauschild, M.Z., Jørgensen, M.S., Wangel, A., 2009. Relevance and
feasibility of social life cycle assessment from a company perspective. Int. J. Life
Cycle Assess. 14, 204. https://doi.org/10.1007/s11367-009-0073-9.
Karlewski, H., Lehmann, A., Ruhland, K., Finkbeiner, M., 2019. A practical approach for
social life cycle assessment in the automotive industry. Resources 8, 146. https://doi.
org/10.3390/resources8030146.
Kravtsova, T., Kalinichenko, G., 2016. The vicarious liability of parent company liability
for its subsidiary. Corp. Ownersh. Control.
Lenzo, P., Traverso, M., Salomone, R., Ioppolo, G., 2017. Social life cycle assessment in
the textile sector: an italian case study. Sustainability 9, 2092. https://doi.org/
10.3390/su9112092.
Mahjoub, L.B., 2019. Disclosure about corporate social responsibility through ISO 26000
implementation made by Saudi listed companies. Cogent. Bus. Manag. 6 https://doi.
org/10.1080/23311975.2019.1609188.
Martínez-Blanco, J., Lehmann, A., Chang, Y.-J., Finkbeiner, M., 2015. Social
organizational LCA (SOLCA)—a new approach for implementing social LCA. Int. J.
Life Cycle Assess. 20, 1586–1599. https://doi.org/10.1007/s11367-015-0960-1.
McConnell, L.J., 2014. Establishing liability for multinational corporations: Lessons from
Akpan. Int. J. Law Manag. 56, 88–104. https://doi.org/10.1108/IJLMA-04-20130016.
Norris, C.B., Norris, G.A., 2015. Chapter 8: the social hotspots database context of the
SHDB, 200th ed. Sustain. Pract. Guid. Soc. Anal. Assess.
Norris, G.A., 2006. Social impacts in product life cycles - towards life cycle attribute
assessment. Int. J. Life Cycle Assess. 11, 97–104. https://doi.org/10.1065/
lca2006.04.017.
OECD, 2011. OECD Guidelines for Multinational Enterprises (No. 10.1787/
9789264115415-en). OECD Publishing, OECD Publishing.
Peruzzini, M., Gregori, F., Luzi, A., Mengarelli, M., Germani, M., 2017. A social life cycle
assessment methodology for smart manufacturing: The case of study of a kitchen
sink. J. Ind. Inf. Integr., Enterprise modelling and system integration for smart
manufacturing 7, 24–32. https://doi.org/10.1016/j.jii.2017.04.001.
Petrin, M., Choudhury, B., 2018. Group company liability. Eur. Bus. Organ. Law Rev. 19,
771–796. https://doi.org/10.1007/s40804-018-0121-7.
Pogge, T., Sengupta, M., 2016. Assessing the sustainable development goals from a
human rights perspective. J. Int. Comp. Soc. Policy 32, 83–97. https://doi.org/
10.1080/21699763.2016.1198268.
Puddington, A., Roylance, T., 2016. Anxious Dictators, Wavering Democracies: Global
Freedom under Pressure. Freedom House, Washington, DC.
Ramirez, P.K.S., Petti, L., Haberland, N.T., Ugaya, C.M.L., 2014. Subcategory assessment
method for social life cycle assessment. Part 1: Methodological framework. Int. J.
Life Cycle Assess. 19, 1515–1523. https://doi.org/10.1007/s11367-014-0761-y.
Sakellariou, N., 2018. A historical perspective on the engineering ideologies of
sustainability: the case of SLCA. Int. J. Life Cycle Assess. 23, 445–455. https://doi.
org/10.1007/s11367-016-1167-9.
Salminen, J., 2019. From product liability to production liability: Modelling a response
to the liability deficit of global value chains on historical transformations of
production. Compet. Change 23, 420–438. https://doi.org/10.1177/
1024529419838197.
Salminen, J., 2018. The accord on fire and building safety in Bangladesh: A new
paradigm for limiting buyers’ liability in global supply chains? Am. J. Comp. Law 66,
411–451. https://doi.org/10.1093/ajcl/avy030.

Georgios Archimidis Tsalidis is a postdoctoral fellow at the faculty of Technology, Policy
& Management of Delft University of Technology. Georgios’ expertise is in the fields of Life
Cycle Assessment, Social- Life Cycle Assessment and thermochemical conversion of
biomass. He studied Mechanical Engineering at Aristotle University in Thessaloniki and
did his PhD at the Process and Energy department of Delft University of Technology on the
effect of pre-treatment on tars production during gasification of wood.
Elena de Santo holds a BSc degree in Chemical Engineering and an MSc degree in Man
agement of Technology from Delft University of Technology. She specialised in Social- Life
Cycle Assessment.
Jose Jorge Espí Gallart is a project manager at Eurecat – Technological Centre of Cata
lonia. He holds a bachelor degree in chemistry.
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