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Abstract

Purpose Investigating potential social and socio-economic impacts should play a key role for the development of sustainable
mobility alternatives. Social life cycle assessment (S-LCA) is becoming increasingly important to ensure holistic sustain-
ability assessments. The present work aims at identifying and evaluating social and socio-economic impact subcategories
in S-LCA. A novel participatory approach implying all concerned stakeholders is proposed to select relevant impact subcat-
egories and thus contribute to a thorough interpretation of S-LCA results. It is applied to assess electric and conventional
vehicles.

Methodology This paper describes a comprehensive step-by-step S-LCA framework. The innovation of this work consists in
defining a structured S-LCA framework integrating a systematic approach based on two stages: (1) a sectorial risk analysis
for the identification of impact subcategories and (2) a participatory approach for their prioritization. The proposed partici-
patory approach considers all concerned stakeholders to enable the selection of the most relevant impact subcategories. A
set of social inventory indicators is attributed to subcategories that were perceived as the most relevant. These are used to
perform the social evaluation and carry out a full analysis in the result interpretation allowing thus to integrate a multi-actor
perspective to the materiality assessment.

Results The defined S-LCA framework is implemented to compare two mobility scenarios, corresponding to electric and
conventional vehicle technologies. A new set of mobility-related impact subcategories is proposed for users’ stakeholder.
Following the new designed participatory approach, subcategories for all stakeholders are prioritized according to differ-
ent actors’ perceptions. For example, “safe and healthy living conditions,” “local employment,” and “delocalization and
migration” were perceived for local communities as the most relevant subcategories by the different consulted stakeholders
(industrial, academic, and public actors and users). These results also showed that social significance varies depending on
the consulted actors and on the geographical area of the study. Using PSILCA database, we have investigated the subcat-
egories that were perceived as the most relevant. Results for the evaluation and interpretation phases are presented for both
transportation technologies.

Conclusions This approach aims at increasing local relevance of S-LCA results and their representativeness. Results for the
considered mobility scenarios have demonstrated the need to extend the scope of the materiality assessment, generally used
for determining subcategories’ social significance from a single stakeholder perspective, by involving other stakeholders into
the prioritization stage. Moreover, the proposed comprehensive S-LCA framework integrating the participatory approach is
general enough to be applied to other product systems and sectors.

Keywords S-LCA - Participatory approach - Stakeholder categories - Impact subcategories - Social indicators - PSILCA
database - Electric vehicles - Social sustainability

Communicated by Marzia Traverso. 1 Introduction

>4 Ghada Bouillass Developing sustainable mobility alternatives requires a big
ghada.bouillass @mines-paristech.fr shift from the current car-based transport system, character-
Extended author information available on the last page of the article ized by fossil oil dependency, high environmental impacts,
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health and safety issues in urban areas, and significant exter-
nal costs for the society. Efforts are converging towards a
better management of the impacts of products, technolo-
gies, and services on the environment and the society. For
this reason, car manufacturers are increasingly looking to
improve their management systems and to meet national
and international regulations, such as EU requirements (The
European Parliament and the Council 2014; EC 2016). As a
result, significant reductions of environmental impacts are
taking place thanks to improvements in the design phase.
This includes lightweight materials development (Field et al.
2017), alternative fuels and powertrain efficiency increase
(Dell et al. 2014a; 2014b; Harison 2018), materials recy-
cling, and end-of-life vehicle recovery (Hu et al. 2017;
Bobba et al. 2018; Harper et al. 2019).

Electric mobility has experienced a spectacular growth in
the recent years, most notably between 2014 and 2019 where
the annual average increase was 60% (IEA 2020). Although
electric vehicles can be favorable to achieve European Com-
mission goals in terms of climate neutrality by 2050 (EC
2018a; 2018b), the associated social and socio-economic
impacts are still unrevealed. Thus, the social sustainability
of these technologies needs to be further assessed.

The availability and the efficiency of methods and tools
for the identification, characterization, and monitoring of
impacts play an important role in promoting environmen-
tal management schemes. Life cycle assessment (LCA)
approaches have been widely used in the transport sector
(Messagie 2014; Cox 2018; Cerdas et al. 2018). They allow
the identification of environmental hotspots, processes
with high environmental impacts, opportunities for future
improvements, and communication on the environmental
footprints. While assessment methods for the environmen-
tal dimension have significantly gained in maturity over
the last years, the social impact assessment methods still
lack a global consensus (Neugebauer 2016; Pérez-Lopez
et al. 2018; Zamagni 2019).

Corporate social responsibility (CSR) has gained impor-
tance in the automotive industry as a management tool for
social sustainability (Russo-Spena et al. 2018). CSR disclo-
sure does not refer to one specific methodology but rather
stands on various normative references such as the Interna-
tional Labor Organization (ILO et al. 2019), Global Report-
ing Initiative standards (GRI 2011; 2016), International Inte-
grated Reporting Council (IIRC) recommendations (IIRC
2014), the ISO 26000 standardization (ISO 26000 2010),
and the UN Global Compact (UN-Global Compact et
KPMG 2016). Despite the increasing number of CSR reports
in the last years, a standardized framework for measuring
social performance is still lacking (Russo-Spena et al. 2018).
Hence, CSR domain is often contested and mainly perceived
as a communication and marketing tool (Mahoney et al.
2013). Throughout a 4-year report-based study, Russo-Spena

et al. (2018) have evaluated trends in CSR reports for 19
automotive companies. Such study demonstrated the need to
introduce standardized social impact assessment approaches
and highlighted the interest to consider harmonization of
methods. In this regard, CSR disclosure could rely on social
life cycle assessment (S-LCA).

1.1 S-LCA methodological background

S-LCA provides a standardized methodological framework
that allows social and socio-economic impact measurements
all along the products and services life cycles (UNEP 2020).
The first guidelines for S-LCA of products, published by
UNEP/SETAC (2009), valid until updated by the end of
2020, introduced five different stakeholder categories (work-
ers, value chain actors, local community, consumers, and
society). Each stakeholder category corresponds to one or
a group of persons that are involved in the product system
value chain (i.e., involved stakeholders) or susceptible of
being affected by its related activities (i.e., affected stake-
holders) throughout all life cycle stages. To evaluate potential
social and socio-economic impacts, 31 social impact subcate-
gories are described in a complementary set of methodologi-
cal sheets for S-LCA published in 2013 (Benoit et al. 2013).
Impact subcategories are social and socio-economic items or
attributes that describe how each stakeholder category can be
affected by the potential social and socio-economic impacts
of the product system. These impact subcategories are evalu-
ated through several inventory indicators for which quantita-
tive, semi-quantitative, and qualitative data is collected.
Since the publication of S-LCA guidelines (UNEP/SETAC
2009) and the methodological sheets (Benoit et al. 2013),
an increasing number of scientific articles on S-LCA have
been published (Dreyer et al. 2010; Aparcana and Salhofer
2013; Neugebauer et al. 2014; Zanchi et al. 2018; Arvidsson
2019; Macombe 2019; Mancini et al. 2019; Osorio-
Tejada et al. 2020). This demonstrates the need and interest
of this approach to complete the environmental life cycle
assessment and life cycle costing towards a better measure-
ment of the sustainability of products and services. The UN
Environment Program has therefore published the updated
version of the S-LCA guidelines: “Guidelines for Social
Life Cycle Assessment of Products and Organizations 2020”
(UNEP 2020). The focus has been extended from products
to also include an organizational scale (UNEP 2020). A new
stakeholder category “Children” has been introduced and
three impact subcategories have been proposed in the latest
version of the guidelines to evaluate potential social and
socio-economic impacts affecting this stakeholder category.
The second version of S-LCA guidelines (UNEP 2020) now
provides a description for each phase of S-LCA following
the ISO14040-14044 framework (Finkbeiner et al. 2006).
S-LCA is an iterative methodology, and each phase includes
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several—obligatory and optional—elements required for the
implementation of S-LCA.

The main phases of S-LCA following the UNEP 2020
Guidelines are the following:

a  Goal and scope: This first phase of S-LCA covers the
definition of the purpose of the study and the system
boundaries, as well as the considered stakeholders and
social impact subcategories. The goal and scope defini-
tion is considered a key phase of S-LCA (UNEP 2020).
It should describe the main methodological pathways
adopted such as the functional unit, the cutoff criteria,
and the impact assessment method together with stake-
holder groups and impact subcategories to be consid-
ered.

b Social life cycle inventory (S-LCI): All input and out-
put flows are identified, as well as the social inventory
indicators to be evaluated. For each considered product
system, data is normalized for a given output process.
Input/output flows can then be interlinked through an
activity variable. Activity variables were first defined by
Norris (2006) to reflect the relevance of social impact
subcategories related to the process output. They allow
describing the most intensive activities in a unit process
and could therefore be used to prioritize data collection
and quantify the considered social inventory indicators
(UNEP 2020). The most common activity variable is
“working hours” which refers to the number of hours
spent to produce 1 USD output of the considered prod-
uct system (Maister et al. 2020).

The two main S-LCA databases available are the
Product Social Impact Assessment (PSILCA) database
(Maister et al. 2020) and the Social Hotspot DataBase
(SHDB) (Benoit-Norris et al. 2012). Both databases use
the “working time” activity variable and can be used to
build the targeted S-LCA model.

¢ Social life cycle impact assessment (S-LCIA): S-LCIA
aims at measuring and understanding potential social
and socio-economic impacts related to a product system.
Potential social impacts are defined by UNEP (2020) as
“the likely presence of a social impact, resulting from
the activities/behaviors of organizations linked to the life
cycle of the product or service and from the use of the
product itself.” Despite providing the main phases and
elements to conduct a S-LCA, the first S-LCA guidelines
(UNEP/SETAC 2009) did not include a clear consensus
on the impact assessment method itself. This has led to the
development of a large panel of social life cycle impact
assessment (S-LCIA) approaches (Jgrgensen et al. 2009;
Dreyer et al. 2010; Rugani et al. 2012; Neugebauer et al.
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2014; Jasinski et al. 2015; Arvidsson 2019; Karlewski
et al. 2019; Gompf et al. 2020). S-LCIA approaches are
classified into two main groups:

e Reference Scale Assessment (“Type I’ or RS S-LCIA)
focuses on the past or current social performance or
social risks related to the behavior of the organiza-
tions involved in the product system along its life cycle
stages.

e Impact Pathway Assessment (“Type II”” or IP S-LCIA)
assesses the consequences resulting from the product
system (potential social impacts) through one or mul-
tiple characterization models that employ cause-effect
relationships for evaluating impact categories that are
comparable to E-LCA.

d Results interpretation: The interpretation of results is
the final phase of S-LCA. It consists of reviewing all the
previous phases and conducting a thorough analysis of
S-LCA results. Following requirements of ISO 14044
(ISO 14044 2006), it should cover a completeness check,
consistency check, sensitivity and data quality check,
a materiality assessment and final conclusions, limita-
tions, and recommendations (UNEP 2020). A material-
ity assessment is a process to select the most significant
social issues regarding their impact on stakeholders or
relevance to the business (UNEP 2020). It has also been
defined and recommended by the Global Reporting Ini-
tiative (GRI 2011) and ISO 26000 (ISO26000 2010) to
allow accounting for all relevant topics that might influ-
ence the assessment and decision-making process.

Among the different S-LCA studies, only a limited num-
ber targeted the automotive sector so far (Zanchi et al. 2018;
2020). These studies have mainly focused on developing
social impact subcategories and inventory indicators based on
the literature review analysis (Pastor et al. 2018; Karlewski
et al. 2019; Gompf et al. 2020), and the domain of applicabil-
ity and the main barriers for practical application of S-LCA
(Zamagni et al. 2013; Zanchi et al. 2018). However, they
provide very few elements to prioritize impact subcategories.

The definition of relevant social and socio-economic
impact subcategories is a critical step in S-LCA. In fact,
social relevance of the considered impact subcategories can
influence result interpretation. Mobility relies on a com-
plex stakeholders’ network that could be either affected or
involved in mobility supply chains, yet their perceptions
are not integrated into the evaluation methods. Currently,
only designers’ and companies’ perceptions are adopted
in most cases (Zanchi et al. 2018). However, depending
on the considered stakeholder perspective, the concerns
and interests can vary significantly. Such restricted vision
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can lead to a partial representation of actual key social and
socio-economic topics. The need to extend the involved
stakeholders when prioritizing and evaluating social impact
subcategories was also pointed by Karlewski et al. (2019).
Following S-LCA guidelines (UNEP 2020), participatory
approaches could be used for selecting the final set of indi-
cators according to stakeholders’ values, thus contributing
to legitimating further the assessment and improving demo-
cratic representation.

To overcome the abovementioned limitations, we intro-
duce a step-by-step S-LCA comprehensive framework,
applicable to various product systems and sectors. Such
S-LCA framework integrates a systematic novel approach
for the identification and prioritization of relevant impact
subcategories according to a multi-actor consultation pro-
cess. The most relevant social and socio-economic impact
subcategories are selected to perform the social evalu-
ation and used to carry out a comprehensive analysis for
the results interpretation by extending the scope of the
materiality assessment to account for multiple concerned
stakeholders.

We then implement the defined S-LCA framework for
two mobility scenarios, corresponding to two different trans-
portation technologies for passenger use in France: conven-
tional and electric vehicles. This work could help S-LCA
practitioners better integrate the perceptions of all affected
and involved stakeholders for the assessment of social and
socio-economic impact subcategories and contribute, thus,
to conducting comprehensive analyses of S-LCA results.

2 Materials and methods

To facilitate the practical implementation of S-LCA, we
have identified the need to formalize a comprehensive
framework. We therefore propose here a step-by-step S-LCA
framework based on the four main iterative phases as defined
in the guidelines for S-LCA (UNEP 2020) consistent with
ISO 14040 (Finkbeiner et al. 2006). Such framework is pre-
sented in Fig. 1. Our methodological contribution includes
a systematic approach that adds two novel stages to the
general S-LCA framework to improve the impact assess-
ment and interpretation phases through the following: (1)
a sectorial risk analysis for the identification of social and
socio-economic impact subcategories and (2) a participa-
tory approach implying all concerned stakeholders for their
prioritization. In the following sections, we first describe
the overall defined methodological framework that can be
tailored for different products, technologies, and sectors.
Then, we apply the framework for two different scenarios
corresponding to electric and conventional transportation
technologies, by describing each of the applied phases.

2.1 A step-by-step S-LCA comprehensive framework
2.1.1 Goal and scope definition

As mentioned in the S-LCA methodological background,
the first phase of S-LCA covers the definition of the purpose
of the study and system boundaries, as well as the consid-
ered stakeholders and social impact subcategories. It should
describe the main methodological pathways adopted such as
the functional unit, the cutoff criteria, and the impact assess-
ment method (UNEP 2020).

In this study, elementary flows and process activities are
used to identify directly and indirectly related stakeholders.
The listed stakeholder categories can be then prioritized
following different criteria (UNEP 2020). As shown in
Fig. 1, one of the key features provided by this work is the
introduction of specific steps in the first phase of S-LCA
for the identification and prioritization of social and socio-
economic impact subcategories. The proposed two-stage
approach for their identification and prioritization is pre-
sented in Fig. 2. This approach can be adopted to select the
most relevant topics for the evaluation and interpretation
phases. It could be applied for different product systems
and sectors. The designed approach for the identification
and prioritization is to be conducted through the follow-
ing steps:

Stage 1: Identification of relevant impact subcategories fol-
lowing a sectorial social risk analysis A sectorial risk analy-
sis is proposed to identify social hotspots and topics cover-
ing all life cycle stages and stakeholder categories previously
defined. The aim of this first stage is to complete the UNEP
(2020) recommended list of impact subcategories through an
extensive identification of social and socio-economic topics
that are related to the studied sector. The identification stage
involves the analysis of specific positive and negative social
topics of the product system under investigation. It should
account for the system boundaries and the related process
activities together with their geographical locations. The
list of social impact subcategories proposed by the S-LCA
guidelines (UNEP 2020) should be refined by (i) the analysis
of the reports of social externalities studies (i.e., regulatory
texts, ILO conventions, normative references), and (ii) scien-
tific publications dealing with S-LCA, social sustainability,
and social assessment studies of the considered product sys-
tem. The complete procedure is further explained in detail
for the considered mobility scenarios.

The recommended list of impact subcategories by the
S-LCA updated guidelines is then adapted by adding new
sector-dependent social and socio-economic impact subcat-
egories. The representativeness of the corresponding inven-
tory indicators is verified to check whether they covered the
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identified social and socio-economic topics or not. If not,
new impact subcategories are suggested.

Stage 2: Actors’ consultation process for the prioritization of
relevant impact subcategories After the identification of
the complete list of impact subcategories in the previous
stage, a participatory approach is designed to gather infor-
mation about their social significance for directly affected
and involved stakeholders within the life cycle of the product
system, as defined by the S-LCA guidelines (UNEP 2020).
Limitations may prevent S-LCA practitioners to consult
some of the directly affected and involved stakeholders (for
example, workers or local communities in the extraction
or end of life phases). In this case, external stakeholders
not directly linked to the life cycle of the product system,
namely external concerned stakeholders, can be consulted
instead according to their relevance. Such relevance can be
determined following their level of concern, likeliness of
representativeness of affected and/or involved stakeholder
interests, awareness, and level of influence on decision mak-
ing. Consequently, there are two different levels of consulted
actors: directly affected and involved stakeholders whenever
they can be consulted, and external concerned stakeholders
for all other cases. As a result, the survey can include one or
more questionnaires according to the type of consulted actor
being targeted and the goal and scope of the study.

To perform the prioritization, surveys are undertaken,
implying all consulted actors, who are asked to order the
list of impact subcategories according to the importance
they assign to each one in an online survey. Other tools to
perform these surveys could be used, depending on their
suitability for the goal and scope of the study and the type
of data to be collected. For example, individual interviews
can be used as a main data source if qualitative informa-
tion is needed in the study. The addressed questions should
describe positive and negative social and socio-economic
topics that could have an impact on any of the five directly
affected and involved stakeholders. The aim is to consider
the increasing concern of all stakeholders about social and
socio-economic topics associated with their decisions and
understand how sustainability aspects could guide their
choices. Social significance of the impact subcategories to
be considered should not be restricted on a single stake-
holder perspective. Distinctive characteristics of life cycle
stages and the corresponding geographical area should also
be taken into consideration in the questions assuming that
the importance of impact subcategories can vary depending
on the scope of the study. Individual interviews are highly
recommended, whenever possible, to complete the online
surveys. This is particularly important when closed-ended
questions are addressed. Depending on the studied product
system, several adjustments could be made, and the designed
approach could be customized to cover special features

@ Springer

related to the considered sector and actors to be consulted.
We later explain how this designed participatory approach
is applied to electric and conventional vehicle technologies.

2.1.2 Definition and structure of the social life cycle
inventory (S-LCI)

As abovementioned, this phase aims at collecting generic
and specific data to perform the evaluation phase. Modeling
product systems from a S-LCA perspective requires the
use of multiple data sources that could be either generic or
specific. Primary data is needed to determine amounts of
input flows, social inventory indicators and corresponding
risk or opportunities levels, and finally the activity variables
that allow interlinking data for various product systems.

Although site-specific data accessibility is often a limit-
ing factor when conducting the S-LCI phase, it is highly
recommended in this phase (UNEP 2020) to cover social and
socio-economic aspects related to a specific production site
or a case study that cannot be fully measured with generic
databases. Specific data is therefore needed to complete the
results of these generic databases and thus enhance their
representativeness. In addition, specific data in this study
is collected to select relevant social impact subcategories
as explained in the prioritization stage of the proposed
framework.

2.1.3 Social life cycle impact assessment (S-LCIA) definition

The S-LCIA phase is conducted in this study according to
“Type I” impact assessment approaches, namely “Reference
Scale-based Social Impact Assessment” (RS S-LCIA). In fact,
the current development of characterization models within
the “Impact Pathway Social Life Cycle Impact Assessment”
(IP SLCIA) is limited to potential social and socio-economic
impacts for a single stakeholder category, the workers, and for
a very restricted number of impact subcategories. RS-LCIA
approaches enable the assessment of all stakeholder groups
and their related impact subcategories, which makes them
more compatible with the multi-actor perspective introduced
in this work. Moreover, the main S-LCA databases are in line
with RS-LCIA, which are also a key support for this study.
Indeed, S-LCA generic databases measure social risks at
country and sector data levels. Besides the methodological
sheets, the Handbook for Product Social Impact Assessment
(PSIA) (Fontes et al. 2016; Goedkoop et al. 2020a; 2020b) is an
important basis for type I assessment approaches. The S-LCIA
phase covers the definition of reference scales that are used to
evaluate each of the social inventory indicators considered for
the product system. Performance reference points (PRP) are
also determined to allow estimating social risk or performance
levels comparing to international standards, local legislations,
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and organizations best practices. In the case of generic database
use, reference scale and PRP are provided for each social
inventory indicator. According to the framework defined in this
work, social and socio-economic impact subcategories that are
perceived as the most relevant following the prioritization are
used to perform the S-LCIA phase. Social inventory indicators,
performance scales, and PRP are attributed to the selected
social and socio-economic subcategories. The calculation is
performed following the characterization method chosen for
the study. We further explain how this phase was conducted
using PSILCA generic database with an application to electric
and conventional transportation technologies.

2.1.4 A comprehensive analysis for social life cycle
interpretation

To ensure a comprehensiveness analysis of the results, this
study integrates a participatory approach to social life cycle
interpretation. In this regard, perceptions of the different
consulted actors on the social significance are introduced
in this paper as a novelty to select the most relevant impact
subcategories to be further evaluated through the S-LCIA phase.
Involving various affected and concerned stakeholders should
help enhance the materiality assessment by extending the scope
to fully consider the divergence of interests and objectives that
can occur between the various stakeholders. Such work should
improve representativeness of the materiality assessment that
usually reflects solely the organization’s perspective and does not
take into consideration the points of view of other stakeholders

System Boundaries

about the economic, environmental, and social topics that could
substantially affect them, directly or indirectly.

Throughout this study, we aim at overcoming this limita-
tion by using a qualitative ranking to prioritize social and
socio-economic impact subcategories according to various
actors’ perceptions. Results from the consultation process
could therefore be used to discuss the social significance of
the social and socio-economic impact subcategories and to
compare the different points of view. Such approach enables
extending the scope of the interpretation phase and consider-
ing stakeholders’ expectations and their increasing concern
on social and socio-economic topics.

2.2 Implementation of the defined S-LCA
methodological framework for mobility
scenarios

2.2.1 Goal and scope definition for mobility scenarios

The goal of the implementation of S-LCA framework in this
work is to evaluate the social risks associated with electric
vehicle transportation technologies in comparison with the
conventional ones. The function of the evaluated system is to
ensure the transport of passengers in France for a midsized
vehicle. We consider 1 USD output of the product system
for the input process modeling. The system boundaries in
this study are presented in Fig. 3. We analyze impact sub-
categories related to the manufacturing, distribution, use,
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Fig.3 System boundaries considered in this study: “Cradle-to-Grave” and “Well-to-Wheel”
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and end of life of the vehicles. For both electric and conven-
tional vehicles, the main components and raw materials are
identified (e.g., battery production and powertrains) together
with the raw materials and their corresponding geographical
location (lithium, cobalt, steel, etc.) from previous sustain-
ability assessment studies (Hosseinijou et al. 2014; Bobba
et al. 2018; Mancini et al. 2019). In addition, two energy
production pathways are assessed in this study for the vehi-
cles’ power sources, namely electricity and fuel production
in France. In fact, the analysis of transport energy sources
is increasingly required to complete environmental and eco-
nomic assessments due to high use of fossil fuels and their
associated risks on resources depletion and as a result the
degradation of safe and healthy living conditions (Hoque
et al. 2020).

The defined life cycle stages are assessed following the
sector/country social risks; therefore, the input—output flows
are identified to reflect the share of each process activity into
the final product output rather than physical flow connec-
tions, as done in environmental LCA. Geographical loca-
tions of each process activity are identified to allow a rep-
resentative coverage of the associated impact subcategories
considered in the assessment.

For the identification of stakeholders, we considered
the five stakeholder categories originally recommended by
the UNEP/SETAC guidelines in the 2009 version, namely,
workers, value chain actors, society, local communities, and
consumers. In fact, UNEP (2020) S-LCA revised guidelines
introduced “children” as a new stakeholder category and
additional impact subcategories for other stakeholders. How-
ever, these were not included in the current study due to the
lack of indicators and data for their analysis through the
existing S-LCA databases. In this regard, this study focused
on the first UNEP/SETAC stakeholder categories and impact
subcategories (Benoit et al. 2013). Moreover, in this study,
the term “users” refers to “consumers,” “customers,” or
“passengers.”

We further identified mobility-related stakeholders
through the analysis of several studies for stakeholders’
identification and mapping in mobility (Zambre 2015;
Jones et al. 2015; Le Pira et al. 2016; Harrington et al. 2016;
Garrido Fernandez 2018; Imre Keseru et al. 2018; Mancini
and Sala 2018). These have addressed direct relations occur-
ring between stakeholders and the studied product system
and indirect relations resulting from interactions with other
related sectors such as mineral extraction (Mancini eand
Sala 2018; OECD 2021), manufacturing activities, use phase
(Spickermann et al. 2014; Lindenau and Bohler-Baedeker
2014; Kostiainen and Tuominen 2019; Esztergar-Kiss and
Tettamanti 2019; Kougias et al. 2020; Ludovico et al. 2020;
Bjgrgenet al. 2021), and final disposal of transportation tech-
nologies as defined within the system boundaries. The list
of identified stakeholders and their definition together with
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the type of the occurring interaction are provided in the sup-
porting information, S1.

Users’ stakeholder category is the least represented stake-
holder category in S-LCA studies related to the mobility
sector (Petti et al. 2016; Osorio-Tejada et al. 2020) as social
risks are usually evaluated directly through organization
performance. In this study, we do consider users as a key
stakeholder due to the significant impact they have on social
acceptability of the final transportation technology (L’ Hostis
et al. 2016; Chalkia et al. 2017). We therefore identified a
new set of social and socio-economic topics related to users’
stakeholder category particularly suitable for the mobility
sector. We also integrated their perception in the prioriti-
zation stage to identify relevant impact subcategories and
thus their expectations and concerns in terms of sustain-
able mobility alternatives. However, the evaluation of user-
related social inventory indicators was not possible as no
correlation can be made with the activity variable used in
this study and no social inventory indicators are available
in generic databases (Goedkoop et al. 2020b). Following
the approach designed for the implementation of S-LCA
explained in Sect. 2.2.1, the identification and prioritization
of relevant impact subcategories were conducted following
two stages:

Stage 1: Identification of impact subcategories following a
sectorial social risk analysis applied to mobility scenarios To
perform the identification stage, we used UNEP/SETAC
methodological sheets (Benoit et al. 2013) and the PSIA
handbook (Goedkoop et al. 2020b) as a basis. As explained
in the methodology description (Sect. 2.2.1), we analyzed a
total number of 223 studies on social externalities, transpor-
tation regulations, and standards to identify potential social
and socio-economic topics as well as scientific publications
dealing with these issues. A thorough literature review was
therefore conducted by using academic databases allowing
the identification of peer-reviewed scientific publications.
The used keywords for the review were “S-LCA,” “Social
LCA,” “social sustainability,” “electric vehicles,” “mobil-
ity,” “transport,” “mining,” “extraction,” “social aspects,”
“social assessment.” We identified 68 scientific publica-
tions that covered various social and socio-economic top-
ics for different life cycle stages of vehicles and related
supply chains. These publications addressed two scales:
micro level covering different technologies, materials, and
components such as battery and powertrain production
(Leurent and Windisch 2015; Noel et al. 2018; Onat et al.
2016; Lopez-Arboleda et al. 2019; Smaragdakis et al. 2020;
Patil and Khairnar 2021; Omahne et al. 2021) and macro
level addressing global social impacts of market electrifica-
tion, policies, and other sectors that are related to transport
(Azapagic 2004; Zhang et al. 2015; Kamenopoulos
et al. 2016; Litmanen et al. 2016; Zimmer et al. 2017; Mancini
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and Sala 2018; Orozco 2018; Pastor et al. 2018; Schlor et al.
2018; Zambrano-Gutiérrez et al. 2018; Aznar-Sanchez et al.
2019). In addition, we have collected a total number of 155
official reports from the International Labor Office (ILO),
OECD, World Bank, and the JRC reports. An iterative
approach was followed to identify stakeholders and the asso-
ciated social and socio-economic topics covered by these
studies. We have extended the scope to cover raw materi-
als extraction and mining activities (OECD 2016; 2019b;
2019a; 2021; World Bank 2006; 2010; 2020). Among 91
different ILO studies, 46 did not concern the scope of our
research (e.g., railway transport, aviation). The selected 45
studies focused on “road transport” and “transport equip-
ment manufacturing” (Turnbull 2013; International Labour
Office 2010; 2020; 2015b; 2015a; 2016; 2018), “road infra-
structures” (Johannessen 2009; World Bank 2010), “basic
metals production” (International Labour Office 2001;
2005), “oil and gas industry” (Graham 2010; International
Labour Office 2015¢), and “mining activities” (Walle 2001;
ILO 2002; Loayza and Rigolini 2016; Coderre-Proulx
et al. 2016; International Labour Office 2019b; 2019a;
Hilson and Maconachie 2020; International Labour Office
2021; McQuilken and Perks 2021). These studies were ana-
lyzed to identify relevant positive and negative social and
socio-economic topics for transport. The most discussed
social and socio-economic issues were identified, such as
“health and safety,” “decent working conditions,” “employ-
ment,” “child labor,” “gender equity — women employment,”
and “migrant workers.” These described mostly topics
related to workers and local communities. Furthermore, we
used Russo-Spena et al. (2018) study that analyzed the most
discussed social and socio-economic topics in 19 different
automotive CSR reports.

To cover users-related social and socio-economic impact
subcategories, we have considered the UNEP 2020 Guide-
lines list of impact subcategories. However, these do not
cover all the social and socio-economic topics that are
related to transport technologies, mobility services, and
transport infrastructures. We have therefore defined new

mobility-related impact subcategories for users’ stakeholder.
To do so, normative references and regulations at the Euro-
pean scale were gathered (CNIL 2016; 2018; UE and CNIL
2018; EC 2019) as well as 27 different scientific publications
that focused mainly on users’ stakeholder category. Among
the different S-LCA studies targeting transport sector, only
few considered users. Gompf et al. (2020) have defined a set
of indicators for mobility services to be introduced to S-LCA
based on various social assessment for urban mobility.
Moreover, a project from the European commission (Euro-
pean Commission 2020) came up with the definition of a
core set of 14 different sustainable urban mobility indicators
for users. These indicators were used to support the defini-
tion of users’ impact subcategories allowing the comparison
of the defined mobility scenarios and more representative-
ness of the actual social and socio-economic impacts. The
complete list of social and socio-economic topics is pre-
sented and discussed in the results section.

Stage 2: Actors’ consultation process for the prioritization
of relevant impact subcategories applied to mobility sce-
narios According to the designed participatory approach
in this work, we developed three sets of surveys according
to three different types of consulted actors: users (survey 1),
worker unions (survey 2), and industrial, academic, and pub-
lic actors (survey 3). Table 1 presents the consulted actors
and the affected and/or involved stakeholders for which
impact subcategories describe the positive and negative
potential social topics to prioritize. All the asked questions
in the three online surveys are available in the supporting
information, S2. A total number of 70 different respondents
were consulted in France to gather the information on impact
subcategory prioritization.

Survey (1) covered in total eight main questions that
addressed two main elements according to a user perspec-
tive: (1) identification of the most relevant impact subcat-
egories affecting users directly by both electric and conven-
tional transportation technologies, (2) identification of the

Table 1 The designed multi-actor consultation process for the electric mobility case study, survey types, and the corresponding actors

Involved and/or affected stakeholders (recom-

Consulted actors (affected and/or involved stakeholders + external concerned stakeholders)

mended by UNEP/SETAC guidelines)

Users Worker unions Public actors Industrial Academic
actors actors

Users X X X X
Workers X X X X X
Local communities X X X X
Value chain actors X X X
Society X X X

Survey 1 Survey 2 Survey 3
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most important impact subcategories related to workers and
local communities’ stakeholder categories in the manufac-
turing stage. The aim was to understand potential effects of
social and socio-economic topics on their choices in terms
of mobility and their concern related to social sustainability
aspects of emergent electric vehicles technologies.

Survey (2) described potential impact subcategories for
workers according to worker unions’ perspective. Direct
consultation of workers appeared to be quite challenging;
we therefore selected worker unions. They represented three
types of entities, namely, worker unions in vehicle’s produc-
tion sites in France, worker unions from VTC (the French
abbreviation for chauffeur-driven private cars), and worker
unions from public transportation services in France. These
actors were asked to prioritize the direct social and socio-
economic topics associated to workers in France through an
online survey and individual interviews. The survey covered
seven main questions. They also were asked to describe, for
each subcategory, the risk level according to the geographi-
cal area where the activity is located.

Survey (3) was addressed to public authorities, and aca-
demic and industrial actors according to their roles, respec-
tively, as decision-makers, researchers, experts, and develop-
ers of products and technologies. The online survey entailed
thirteen questions describing social and socio-economic
topics associated to all involved and/or affected stakehold-
ers (users, worker, local communities, value chain actors,
and society). The aim was to understand how each impact
subcategory was perceived in terms of its significance in the
assessment, relevance to business, and its importance in the
decision-making process.

As stated before, multiple adjustments might be required
to the designed consultation process. In the current case
study, a focus was made on potential social and socio-eco-
nomic impacts related to the electro-mobility shift (i.e., “In
the context of an electric mobility transition, what would
be the social and socio-economic issues that you are most
concerned about?”). The questions addressed mainly three
different aspects, which can also be considered part of the
assumptions we fixed in this work:

e The geographical location: We considered two cases for
the geographical location, namely, outside Europe and
inside France.

e Transportation technologies: We considered both electric
and conventional transportation technologies to allow the
comparison of social significance of impact subcatego-
ries in both cases.

e The type of mobility service: We distinguished personal,
shared mobility, and public transportation. Indeed, users

@ Springer

were asked to prioritize social and socio-economic top-
ics following these three types of transportation modes.
However, these results were not of importance to the
objective of this work as the mobility services were not
considered within the scope of the present study.

2.2.2 Definition and structure of the social life cycle
inventory for mobility scenarios

In this study, we used the PSILCA database to obtain data on
social inventory indicators. PSILCA database uses a Multi-
Regional Input/Output (MRIO) (Mattila 2018) model from
the EORA database (Lenzen et al. 2013). EORA covers econ-
omy of global supply chains on an industrial sector basis and
uses monetary flows to link different sectors and processes.
PSILCA is a country-specific sector (CSS) database. It cov-
ers 189 different countries for which a wide range of sectors
are attributed (around 15,000 different sectors in total). Both
inputs (materials and products provided by other sectors) and
outputs (generated products) of a CSS are expressed in USD
(Maister et al. 2020). The version 2 of PSILCA database,
uwsed in this work, provides 65 qualitative and quantitative
social indicators that address a set of 19 impact subcategories
classified into 4 stakeholders, namely, workers, value chain
actors, local communities, and society. Data is gathered from
several international references such as the ILO (International
Labor Organization et al. 2019), the World Bank (World Bank
2017) and the World Health Organization (WHO 2015), and
United Nations (United Nations 2012). Additional public and
private databases are used, together with site-specific inves-
tigations carried out by GreenDelta (Maister et al. 2020) to
provide data on risk levels and activity variables.

In this study, inputs of each evaluated process were iden-
tified based on the defined system boundaries. To do so, we
looked in PSILCA database for processes that corresponded
to the vehicle life cycle stages defined in Fig. 3. Input mate-
rials of the evaluated products and their amounts were col-
lected from ecoinvent database (Del Duce et al. 2016) and
GREET _2: vehicle_Inputs (Keoleian et al. 2012). The input
processes were connected through monetary values (in
USD) corresponding to their contributions into the output
of the evaluated product system. In case of lacking data,
amounts of input process activities were estimated through
other similar existing processes in the PSILCA database.

The activity variable used in this study to measure pro-
cess output and reflect the impact share (relative signifi-
cance) of each unit process related to the product system
was “working time.” Worker hours are related to 1 USD
of process (or sector) output and are calculated in PSILCA
through the following Egs. (1) and (2) (Maister et al. 2020):
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Unit labor costs
Mean hourly labor cost (per employee)

ey

Worker hours =

With:

Unit labor costs =

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

of 1E—5 was applied for the definition of the product sys-
tems, according to the features of the used version of the
PSILCA database. The assessment method implemented
in the PSILCA database is the “social impacts weighting

(@)

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

However, the provided values of the worker hours were
calculated for PSILCA database and cannot be sourced
on external published references. The amounts of worker
hours have been selected for the corresponding processes
used in this study to calculate the working time activity vari-
able, following Eq. (3), for both evaluated transportation
technologies:

working time =worker hours per 1 USD product output
# total price of the product s share of labor costs
3)

Vehicle labor costs are uncertain and dependent on the
considered technology. Hybrid electric vehicles (HEV)
seem to have higher labor costs than battery electric vehi-
cles (BEV), while no clear distinctions between BEV and
internal combustion engine vehicles (ICEV) are found. We
have used a share of labor costs of 10% of the total cost of
vehicle manufacturing based on Konig et al. (2021). Total
prices of vehicles were taken for the most adopted urban
electric vehicles (EV) and ICEV technologies in France, cor-
responding respectively to 39,120.99 USD (Renault 2020)
and 19,229.92 USD (Peugeot 2020). The worker hours per
1 USD product output provided for “manufacture of motor
vehicles” in France by PSILCA is 0.002481 h/USD. This
value has been used to perform the calculation of the work-
ing time. Hence, the used working times for both scenarios
are 9.71 h for EV and 4.77 h for ICEV.

These values are attributed to each of the selected social
inventory indicators in the S-LCIA phase. The working time
activity variable originally refers to the workers’ stakeholder
category group and is less compatible with other stakeholder
groups. Other activity variables, such as the value added that
consists of the amount of the added value created in each
process activity, and other paths allowing direct quantifica-
tion of inventory indicators without need of activity vari-
ables are currently under development to cover the various
stakeholder groups (Cirothet al. 2019).

2.2.3 Social life cycle impact assessment for mobility
scenarios

The S-LCIA phase for electric and conventional transporta-
tion technologies was performed using OpenLCA software
(1.9) and version 2 of PSILCA database. A cutoff criterion

method.” Social risks related to all involved processes in
the life cycle of the product system are aggregated by price
(inputs), working time (activity variable), and various impact
factors (characterization factors), which enables expressing
social assessment results in [medium risk hours]. Table 2
presents the selected subcategories and their correspond-
ing inventory indicators as suggested byPSILCA database.
The employed reference scales in PSILCA distinguish risk
levels that vary from “very low risk” to “very high risk,” and
opportunity levels that vary from “low opportunity” to “high
opportunity” that allow S-LCA practitioners to account for
the positive aspects. Within each impact subcategory, social
and opportunity levels are translated in a quantitative metric
through an impact factor (Maister et al. 2020). All subcate-
gories and their corresponding inventory indicators, together
with the equivalencies between quantitative metrics and risk
levels, can be found in PSILCA database documentation
(Maister et al. 2020).

The considered life cycle stages and their corresponding
process activities selected from PSILCA database for both
electric and conventional transportation technologies are
presented in supporting information, S3. We have selected
the existing process activities that cover vehicle production,
battery and powertrain production, raw material manufac-
turing, electricity, and fuel production and those related to
recycling. For some process activities, multiple locations
were identified and used to allow the comparison of social
and socio-economic topics and the identification of social
hotspots depending on the geographical context. Energy
processes linked to vehicle operation in France were also
analyzed for both electricity and fuel production for the
French context.

2.2.4 Comprehensive analysis for social life cycle
interpretation for mobility scenarios

In this phase, results of the prioritization of impact sub-
categories and those selected for the S-LCIA evaluation
phase are analyzed. Table 2 presents the selected impact
subcategories and the inventory indicators used from the
PSILCA database for the evaluation. In this study, users-
related impact subcategories for mobility scenarios are
defined and prioritized following the proposed participatory
approach. In addition, social risks associated with electric
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Table 2 Considered subcategories and their corresponding inventory indicators in PSILCA (Maister et al. 2020)

Stakeholder categories Selected impact subcategories

Inventory indicators used through
PSILCA database

Definition of the indicators and units of
measurement

Workers Child labor

Children employment, total

Percentage of all children ages 7-14

[CE medium risk h]

Forced labor

Goods produced by forced labor

Number of goods produced by forced

[GFL medium risk h] labor in the sector
Health and safety Rate of fatal accidents at workplace Number of fatal accidents per 100,000
[FA medium risk h] employees and year

Rate of non-fatal accidents at work-
place [NFA medium risk h]

Drinking water coverage

[DW medium risk h]

Pollution level of the country

Local communities  Safe and healthy living conditions

Number of non-fatal accidents per
100,000 employees and year
Percentage of the population with

access to drinking water
Pollution Index based on perceptions

[P medium risk h]

Local employment

Unemployment rate in the country

Percentage of the population

[L.C medium risk h]

Delocalization and migration

Value chain actors Promotion of social responsibility

Net migration rate
[NM medium risk h]

Membership in an initiative that
promotes social responsibility along

Difference between number of emi-
grants and immigrants during a given
year per 1000 inhabitants

Number of companies involved in CSR
along the supply chain

the supply chain
[PSR medium risk h]

Fair competition

tion

Anti-competitive behavior or violation Number of violations per 10,000
of anti-trust and monopoly legisla-

employees in the sector

[AC medium risk h]

Society Contribution to economic develop-

ment

Contribution of the sector to the
economic development
[CED medium risk h]

Shares of breakdown of GDP/value
added at current prices in percent;
if value is derived from the Mining
contribution index it expresses the
metallic mineral and coal production
value 2014 (as % of GDP)

and conventional vehicle supply chains are analyzed for
four stakeholder categories, namely workers, local com-
munities, value chain actors, and society, through a generic
assessment. A total number of 9 impact subcategories and
11 social inventory indicators are discussed. Further results
of the prioritization phase, together with additional impact
assessment results for value chain actors and society’s
impact subcategories, are provided in the supporting infor-
mation, S4 and S5.

3 Results and discussion

3.1 Results from the identification
and prioritization of impact subcategories
for mobility scenarios

The designed approach within S-LCA framework provides
(1) the identification of a new set of impact subcategories
for users related to mobility and (2) the prioritization of all
impact subcategories following various actors’ perceptions.

@ Springer

Stage 1: Identified impact subcategories following a sectorial
social risk analysis for mobility scenarios The sector-based
risk analysis has enabled the definition of a first set of social
and socio-economic subcategories related to five stakeholder
categories that were subsequently ranked through the con-
sultation process designed within the prioritization stage.
The defined impact subcategories mainly arise from S-LCA
guidelines (UNEP 2020) and PSTA handbook (Goedkoop
et al. 2020b). More specific impact subcategories are added,
especially related to the users’ stakeholder category, since
for other stakeholder groups the identification stage showed
that the topics are sufficiently covered by the indicators pro-
posed by the S-LCA guidelines. The new identified impact
subcategories for users are presented in Table 3. These
include safety issues (e.g., road accidents, sexual harass-
ment, and insecurity feelings), health and comfort (e.g.,
vibrations, noises, thermal comfort), users’ privacy (con-
sumers’ personal data uses and privacy management by vehi-
cles’ manufacturers and mobility operators), communication
system (including transparency, end of life responsibility,
mobility service information quality, etc.), availability and
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Fig.4 Prioritization of social and socio-economic topics for workers’, local communities’, and users’ stakeholders

interoperability of infrastructures (geographical coverage
of transportation infrastructures such as collective transport
station and charging infrastructures, etc.), and affordability
(e.g., economic accessibility to the vehicle technology or
mobility service).

We attribute several social and socio-economic aspects to
measure the social performance/risk of the impact subcat-
egories that are not included in S-LCA main references. The
impact subcategory, called “availability and interoperability
of the infrastructures,” is therefore proposed to allow the
evaluation of the inclusiveness of transportation technolo-
gies and mobility services according to the geographical
coverage of mobility infrastructures (Folcher and Lompré
2012; Gompf et al. 2020). Other impact subcategories,
such as “affordability and accessibility,” are also defined
and could play an important role in social acceptance of
emergent transportation technologies (Tseng et al. 2013). In
addition, other existing impact subcategories are adapted
to cover more specific aspects related to mobility sector.
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Thus, “communication system” regroups different types of
communication relations that could occur between users
and organizations. The quality of mobility services is sig-
nificantly dependent on the efficiency and the strength of
the communication system (CIVITAS 2010). The impact
subcategory “performance of the communication system”
is therefore added to allow the evaluation of the delivered
information to primary users and to independent repair-
men (as secondary users) through mobility platforms (Silva
et al. 2018). Other impact subcategories, such as “end of life
responsibility,” “transparency,” and “feedback mechanism,”
are also covered to enable the evaluation of the delivered
information related to social and environmental perfor-
mance of an organization. Definitions of each of the sug-
gested impact subcategories as well as the used references
are provided in Table 3.

As previously explained, the defined impact subcatego-
ries for users’ stakeholder category and their related aspects
could not be evaluated through a generic database due to the
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lack of correlation with the used activity variable and the
lack of inventory indicators. It is therefore recommended to
define social inventory indicators and adequate characteriza-
tion models for users in future research studies.

Stage 2: Prioritized impact subcategories following the
designed consultation process Results of the prioritized
social and socio-economic impact subcategories for five
stakeholder categories are discussed in this section from two
different perspectives of the consulted actors. These results
are based on the designed consultation process defined in
Table 1, covering the three defined surveys. Figure 4(a), (b),
(c), and (d) illustrate results of the conducted consultation
process, accounting for both industrial actors’ and users’
perspectives on workers and local communities impact sub-
categories (case outside Europe). Figure 4(e) and (f) reveal
the prioritization results for users’ stakeholder group follow-
ing those identified in stage 1 from both industrial actors’
and users’ perspectives. All the results from the prioritiza-
tion stage were generated using Python—Jupyter Notebook.
Additional results about value chain actors and society
stakeholder groups, together with the prioritized impact
subcategories for workers and local communities in the use
phase (France-specific case) and results of other consulted
actors (worker union, academic actors, and public actors),
are further illustrated in the supporting information, S4.

o Workers’ impact subcategories: In Fig. 4(a) and (b),
results of the prioritization from both industrial and user
perceptions for workers subcategories outside Europe
show that “child labor,” “forced labor,” and ‘“health and
safety of workers” are perceived by the consulted actors
as the most relevant ones. These prioritized impact sub-
categories were assessed using the PSILCA database.
The chosen indicators to perform the evaluation are listed
in Table 2. For workers’ impact subcategories in France,
the results are disclosed in the supporting information,
S4. The prioritization reveals that “working hours,” “fair
salary,” “health and safety living conditions,” and “free-
dom of association and collective bargaining” are clas-
sified with the highest priority by the consulted actors,
including industrial actors, users, and worker unions. As
an initial observation, such prioritization highlights the
influence of the geographical context on the point of view
of the consulted actors. Indeed, these actors showed more
concern for certain aspects or others depending on the
considered geographical location. Given the regulation
context in France, no social risk is perceived for “child
labor” or “forced labor” and the subcategories are, con-
sequently, not relevant for the evaluation of subcategories
for workers’ in France compared to other impact subcat-
egories such as “fair salary” or “worker hours.” The con-
ducted individual interviews confirm this statement as

several respondents justify their answers by referring to
“the pyramid of needs” allowing them to rank the differ-
ent impact subcategories according to the likely presence
of social risks and the level of development and perfor-
mance of the associated regulations in each country.

o Local communities’ impact subcategories: The relevance
of impact subcategories is perceived differently depend-
ing on the consulted actors, as shown in Fig. 4(c) and (d).
The industrial actors consider “safe and healthy living
conditions,” “community engagement,” and “delocaliza-
tion and migration” as the most relevant impact subcat-
egories for the evaluation. On the other hand, as repre-
sented in Fig. 4(d), “safe and healthy living conditions,”
“access to immaterial resources,” and “local employment”
are perceived as the most relevant by users. Following
these results, we selected the impact subcategories that
were most prioritized by all the consulted actors to per-
form the S-LCIA phase. They can be listed as follows:
“safe and healthy living conditions,” “local employ-
ment,” and “delocalization and migration.” Table 2 lists
the selected impact subcategories from the prioritization
and the attributed indicators for their assessment. The
consulted industrial actors and users emphasized the
importance of the considered scope when ranking the
different impact subcategories, given the variable regula-
tory context. Thus, the most relevant impact subcategories
for local communities outside Europe are different from
those located in France. Results for the case in France are
presented in supporting information, S4.

e Users’ impact subcategories: Fig. 4(e) and (f) show
results of the prioritization of impact subcategories
for users’ stakeholder category according to industrial
actors’ and users’ perceptions. The impact subcatego-
ries “health,” “safety,” and “accessibility and affordabil-
ity” are the most relevant impact subcategories from the
industrial actors’ point of view, while the results from the
consulted users show that “safety,” “health,” and “trans-
parency” are the most important. According to indus-
trial actors, “transparency’ appears in the fifth position
after “the availability and operability of infrastructures.”
The observed difference in ranking “transparency” con-
firms the uprising concern of users about the delivered
information on social and environmental performance of
organizations related to transportation technologies. This
should be analyzed in depth in future assessments.

e Value chain actors’ impact subcategories: Results, pre-
sented in the supporting information S4, show that “pro-
motion of social responsibility” is the most relevant con-
sidering the consulted actors’ perspectives, followed by
“fair competition” and “respect of intellectual property
rights” and finally “supplier relationships.” To perform
S-LCIA phase, both “promotion of social responsibility”
and “fair competition” are analyzed. These have been
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selected to perform the S-LCIA phase as the PSILCA
database did not cover other impact subcategories that
were prioritized.

e Society’s impact subcategories: Results, presented in
supporting information S4, show that “corruption,” “con-
tribution to socio-economic development,” “technology
development,” and, finally, “prevention and mitigation of
armed conflicts” are perceived as the most relevant for
the evaluation of electric and conventional technologies.
However, the provided indicators in PSILCA database
only account for two impact subcategories “contribu-
tion to economic development” and “health and safety.”
We have therefore analyzed “contribution to economic
development” in the S-LCIA phase as it represents the
priority impact subcategory for the different consulted
actors while “health and safety” impact subcategory was
excluded from the prioritization step.

3.2 Comparison of the social relevance of impact
subcategories for EV and ICEV technologies

In a second step, the consulted actors were asked to com-
pare the relevance of the different social and socio-economic
impact subcategories depending on the type of the trans-
portation technology: conventional or electric vehicles. As
an outcome, relevant impact subcategories were identified
when comparing electric and conventional mobility. Fig-
ure 5(a), (b), and (c) show the results for users, workers, and
local communities from the different consulted actors. Some
of the impact subcategories appear to be more important in
case of electric mobility evaluation compared to conven-
tional technology evaluation.

Figure 5(a) demonstrates that for users’ impact subcat-
egories, “accessibility and affordability,” “availability and
interoperability of infrastructures,” and “end of life respon-
sibility” are perceived particularly important in the case of
electric technologies. These results are consistent with the
identified social hotspots related to the current development
of electro-mobility such as the management of the batter-
ies’ end of life (Bobba et al. 2018), and high initial costs
of electric vehicles technologies and complex grid capacity
management in case of a mass-market uptake (Tietge et al.
2016).

For workers-related impact subcategories (Fig. 5b),
“delocalization and migration” and “work security” are
prioritized for electric mobility and ranked as more rel-
evant than in the case of the conventional one which can
highlight the need of a consequential assessment of social
and socio-economic aspects related to a massive develop-
ment of electro-mobility. It is also important to note that
individual interviews with worker unions have emphasized
that electro-mobility requires 25% less workforce and it is
therefore crucial to account for the work security-related
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indicators. A study from the European Climate Foundation
(2018) analyzed several social and socio-economic indica-
tors for mobility prospective scenarios in 2030 and 2050.
Such assessment revealed that employment in the automo-
tive manufacturing sector is expected to decrease in Europe,
regardless of the low-carbon transition. This is explained
by the fact that battery electric vehicles are less labor inten-
sive compared to conventional vehicles, meanwhile hybrid
and plug-in hybrid electric vehicles are expected to be
more labor intensive (ECF 2018). On the other hand, a net
increase in employment is expected for the electricity pro-
duction, hydrogen-related supply chain.

Figure 5c shows the obtained results for the compari-
son of local communities’ subcategory relevance between
electric and conventional technologies. According to the
consulted actors, there is no significant difference in terms
of the importance of subcategories between EV and ICEV.
However, it can be observed that the subcategories “access
to material resources” and “‘community engagement” were
slightly more ranked than the other subcategories.

Despite the potential of this approach, the consultation
process was time-consuming and restricted to a limited
number of relevant impact subcategories. This could be a
potential limitation for its practical application and should
be further developed in future studies. As no similar study
has been conducted before, to the best of our knowledge, the
sample size used might be questioned, yet the analysis of
our results shows that the sample is homogeneous and suf-
ficiently representative for the consulted actors and the con-
sidered transportation technologies. It is recommended, for
future studies, to broaden the sample size, if possible, and
confirm its consistency to enhance results representativity.

3.3 Comprehensive analysis of S-LCIA results
for mobility scenarios

The RS-LCIA phase is conducted for the prioritized social
and socio-economic impact subcategories selected from the
prioritization stage. Table 2 lists the selected impact subcat-
egories and the inventory indicators used from the PSILCA
database for their evaluation.

o S-LCIA results for workers

The results for workers’ impact subcategories are pre-
sented in Fig. 6. The figure illustrates impact subcatego-
ries that were perceived as the most relevant following the
designed participatory approach, corresponding to “child
labor,” “health and safety of workers,” and “forced labor.”
Four inventory indicators were selected to measure social
risks for: child labor, total [CL medium risk h], fatal acci-
dents [FA medium risk h], non-fatal accidents [NFA medium
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Fig.6 Results of the evaluation of social inventory indicators through the PSILCA database for workers for both electric (EV) and conventional

(ICEV) transportation technologies

risk h], and goods produced by forced labor [GFL medium
risk h].

Child labor: The calculated indicator for total child labor
[CL medium risk h] is higher for EV technology production
than the conventional transportation technologies. The con-
tribution analysis shows that for EV technologies, the supply
chain of motor vehicles manufactured in France accounts
for 60.10% of the total CL medium risk h, and a share of
35% is linked to battery production supply chain in Japan
while electricity production in France represents 2% of the
obtained results. For ICEV production, manufacturing of the
vehicles took 97.14% of the total amount of CL. medium risk
h related mainly to extraction and manufacturing process
activities outside Europe. The analysis of battery production
supply chain in Japan reveals that the main contributors for
child labor are non-ferrous metals extraction activities in
South Africa (16.34%) and regenerated lead and zinc pro-
duction in Japan (11.56%).

The analysis of the geographical coverage of both EV
and ICECYV processes allows the identification of countries
that have the highest scores for social risks. We have con-
sequently observed that, for EV technologies, child labor
risks arise mainly from process activities in Russia with
42.64% of total CL medium risk h due to mining and quar-
rying activities for energy production and non-ferrous metals
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manufacturing, and China with 26.90% of total CL medium
risk h related mostly to electric machinery and equipment,
plastics and metal products, and communications equip-
ment manufacturing. For ICEV technologies, China has the
highest share of contributor process activities with 44.32%
of total CL medium risk h associated mainly to extraction
of raw materials (metal products, plastic products, steel
and iron, electronic elements and devices, and raw chemi-
cal materials), followed by manufacturing supply chain in
France (17.45% of total CL medium risk h), while Russia
presented a share of 11.48%, linked to metal products and
mining and quarrying activities for energy. Process activi-
ties in Russia are mainly associated to the supply chain of
battery production in Japan, which may explain the limited
contribution share for ICEV compared to EV technologies
and also the difference observed in Fig. 6a for this indicator
between the two technologies. Recycling activities in France
did not present any social risk related to child labor for both
processes.

Forced labor: Fig. 6b illustrates the results for goods pro-
duced by forced labor [GFL medium risk h]. ICEV technolo-
gies present higher social risk (0.00262 GFL medium risk h)
compared to EV technologies (0.00212 GFL medium risk h).
The main process activities that are contributing to forced
labor in the case of EV technologies are as follows: motor
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vehicle manufacturing supply chain in France (75% share
of tot GFL medium risk h), followed by battery production
(12% of total GFL medium risk h) and finally the electricity
production (3.68%). In the case of ICEV technologies, the
amount of goods produced by forced labor is mainly linked
to the France vehicle manufacturing supply chain (90.50%).
Energy-related services (raw petroleum products’ extraction,
refining, and manufacturing) in France could be a significant
factor for such result as the main process contributing asso-
ciated to ICEV manufacturing is other business services in
France.

Health and safety of workers: Two inventory indicators
are calculated to analyze health and safety of workers and
are illustrated in Fig. 6(c) and (d) corresponding to fatal
accidents [FA medium risk h] and non-fatal accidents
[NFA medium risk h]. For both indicators, ICEV tech-
nologies presented a higher social risk compared to EV
technologies. Concerning the latter, motor vehicle produc-
tion in France presented 74.67% of total FA medium risk
h, followed by battery production in Japan by 13.01% FA
mid-risk hours. For ICEV, 90.64% of FA medium risk h is
related to motor vehicle production in France. Despite the
significant advances in safety regulations at work, France
still presents a higher fatal accident rate than the European

average with 2.74 per 100,000 persons employed in France
against 1.77 in Europe (Eurostat 2020a). The countries that
presented the highest social risks for fatal accidents related
to EV technologies are France (vehicle manufacturing pro-
cess), followed by China (metal products and raw materials
extraction), Japan (battery production), and finally Spain
(vehicle part manufacturing supply chain). The analysis of
contributing processes to non-fatal accidents reveals that
vehicle production activities, metal products manufactur-
ing, and recycling in Spain were responsible for 40.35% of
total NFA medium risk h, while it presented 11% in France
mostly linked to the construction sector, and finally Turkey
that presented around 4% of total FA medium risk h, where
manufacturing activities for textiles, basic metal products,
and motor vehicles are the main contributors. France and
Spain presented the higher incidence rates per 100,000 per-
sons employed in 2018 for non-fatal accidents in Europe
(Eurostat 2020b). Mining, manufacturing, and construction
sectors are the major sources of both fatal and non-fatal acci-
dents in Europe, which also tend to be male-dominated sec-
tors, explaining the relatively higher number of work-related
accidents among men compared to women (Eurostat 2020c).

o S-LCIA results for local communities
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Results of the S-LCIA evaluation phase for local com-
munities’ impact subcategories are presented in Fig. 7. It
corresponds to those subcategories perceived as the most
relevant for the evaluation of electric and conventional
transportation technologies. The calculated indicators from
the PSILCA database are as follows (Maister et al. 2020):
drinking water coverage [DW mid risk h] and DALY's due
to indoor and outdoor air and water pollution [DALY mid
risk h] for safe and healthy living conditions, unemployment
rate [U medium risk h] for local employment, and finally net
migration [NM medium risk h] for migration and delocaliza-
tion impact subcategories. Figure 7(a), (b), (c), and (d) show
the results for the selected social and socio-economic impact
subcategories of both electric and conventional transporta-
tion technologies.

Healthy and safe living conditions: Results for this indi-
cator are showed in Fig. 7(a), (b) obtained for the two cal-
culated indicators within this impact subcategory. EV tech-
nologies present higher social risks for the drinking water
coverage [DW medium risk h] and on the other hand ICEV
technologies present higher social risks for DALYs due
to indoor and outdoor air and water pollution. To investi-
gate these results, we took a closer look into the contribu-
tor processes for each indicator. Battery production was
found responsible for 65.18% of total DW medium-risk
hours in the case of EV technologies due to mineral extrac-
tion activities (namely, non-ferrous metals in Russia, lead
and zinc in Japan, and basic metals extraction in Mexico).
Motor vehicle manufacturing in France presents 28.51% of
total DW medium-risk hours, followed by electricity sup-
ply chain in France with 3% associated with mining activi-
ties for energy and nuclear fuel production. In the case of
ICEV technologies, social risks are mostly related to motor
vehicle manufacturing with 98.68% of total DW medium-
risk hours associated to mineral extraction and refined
petroleum products. These results can be explained by the
significant dependency of mining activities to water con-
sumption which could decrease the accessibility of local
communities to water resources and affect their quality
(Northey et al. 2019). The second indicator that was ana-
lyzed within this impact subcategory is the pollution level
of the country [P medium risk h] based on the pollution
index by Numbeo (2019) due to water pollution, air pollu-
tion, noise levels, green parks in the city, etc. The contribu-
tion analysis demonstrates that for EV technologies, motor
vehicle supply chain in France is responsible for 83.10% of
tot P medium risk h associated with various extraction and
production activities that take place in China, while 11.41%
of tot P medium risk h is generated by battery production
due mostly to non-ferrous metals activities in Russia. For
ICEV technologies, France’s supply chain for motor vehicles
is responsible for 96.08% of pollution-related social risks [P
medium risk h] that are linked to the significant number of
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extraction and manufacturing processes in China. In fact,
the geographical analysis of the various processes showed
that for the two analyzed transportation technologies, the
major source of social risks is induced by activities located
in China (52.469% of total P medium-risk hours for EV tech-
nologies and 61.39% of total P medium-risk hours for ICEV
technologies).

Local employment: Fig. 7(c) shows the obtained results
for unemployment indicator [U medium risk h]. Electric
transportation technologies show more significant social
risks in terms of the unemployment rate due to battery pro-
duction that gives place to more extraction and manufactur-
ing processes for non-ferrous metals and other mining activi-
ties in South Africa. The major contributor process activity
for both electric and conventional technologies is related
to motor vehicle production in France (50.39% of total U
medium risk h) and Spain (31.47% of total U medium risk
h) in the case of EV technologies, which can be explained
by the delocalization of mineral extraction processes and
battery manufacturing in China and South Africa.

Migration and delocalization: Results of the net migra-
tion indicators [NM medium risk h] calculated for both EV
and ICEV technologies, illustrated in Fig. 7(d), confirm the
last assumption made for unemployment rate results. In fact,
following the contribution analysis, motor vehicle produc-
tion in Spain appears to be the major source of social risks
related to this impact subcategory accounting for 45.40%
of total NM medium risk h in the case of EV technologies
and 46.83% of total NM medium risk h in the case of ICEV
technologies.

o S-LCIA results for value chain actors

The analysis of S-LCIA results for impact subcategories
related to value chain actors is conducted for the “promotion
of social responsibility” and “fair competition” that were
selected based on the participatory approach.

Promotion of social responsibility: The proposed indica-
tor by PSILCA database to evaluate the promotion of social
responsibility examines the number of companies involved
in corporate social responsibility policy along the supply
chain (Maister et al. 2020). For both EV and ICEV technolo-
gies, the main contributing processes to the promotion of
social responsibility (positive effects) are associated to man-
ufacturing activities located in Europe (France and Spain)
which in part can be explained by the European regulatory
context and the rise of ecological awareness related to envi-
ronmental and social performances of organizations. Results
for this impact subcategory are illustrated in the supporting
information, S5.

Fair competition: The measured indicator for fair com-
petition, anti-competitive behavior of organizations, demon-
strates similar results for both EV and ICEV technologies
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(0.00848 AC medium risk h). Results for this impact subcat-
egory are illustrated in the supporting information, S5. The
contribution analysis allowed identifying the main contribut-
ing process activities for these results. For electric vehicles,
motor vehicle manufacturing in France is responsible for
76.54% of total AC medium risk h associated mainly with
refined petroleum products, followed by electricity produc-
tion and hot water supply in France that present 17.72% of
total AC medium risk h and finally battery production in
Japan with 3% of total AC medium risk h. The high identi-
fied social risks for AC medium risk that is associated to the
use of refined petroleum products come only from motor
vehicle production (without battery production). On the
other hand, motor vehicle production for ICEV technolo-
gies is the main contributor to social risks related to anti-
competitive behavior (97.06%), mostly related to mining
and quarrying activities for energy in Russia (17.38%) and
Algeria (2.61%), and other services incidental to oil and gas
extraction in France. All the identified process activities for
both EV and ICEV related to fair competition impact sub-
category highlight the high likelihood of anti-competitive
behavior associated to the energy sector. Achieving social
sustainability in future mobility scenarios should focus on
improving the social performance of the energy sector on
which electric mobility strongly relies.

e S-LCIA results for society

Contribution of the sector to economic development: The
measured indicator for society’s impact subcategory is the
contribution of the sector to economic development [CED
medium-risk #]. This indicator accounts for positive impacts
by measuring opportunity levels presented by the evaluated
process activity. For both EV and ICEV technologies, motor
vehicle manufacturing presented the higher share of CED
medium risk h, mostly related to research and development
activities. Results for this impact subcategory are illustrated
in the supporting information, S4.

As a general outcome, the S-LCIA evaluation phase is
very challenging as very few studies consider a complete
product system in S-LCA (Ciroth and Franze 2011); they
rather focus on one specific process activity (Pastor et al.
2018; Werker et al. 2019). Modeling transportation tech-
nologies requires considering multiple input processes for
which data is often scarce. We extrapolated available data for
similar processes in the PSILCA database to model the two
considered scenarios. It is therefore important to note that
further work should account for large uncertainties when
analyzing the results. Future enhancement of database trans-
parency is also recommended to better identify individual
contributions in the S-LCIA phase.

4 Conclusions and recommendations

Throughout this research, a comprehensive methodologi-
cal framework for S-LCA was described step-by-step. This
S-LCA framework was adapted all along the four S-LCA
phases recommended by ISO 14040 to include an innova-
tive approach for the identification and prioritization of
impact subcategories. Our study aims at providing S-LCA
practitioners with a participatory approach for the selec-
tion of relevant social and socio-economic subcategories
as suggested by the updated version of S-LCA guidelines
(UNEP 2020). Such an approach can help duly justify
the need of the used indicators in the S-LCIA phase and
increase the local relevance of S-LCA results. Embedding
the perception of all concerned stakeholders, as introduced
in this work, for the selection of relevant impact subcat-
egories certainly improves the representativeness and
inclusiveness of the findings, compared to a materiality
assessment that solely reflects the perception of designers
and companies.

The identification stage enables the definition of secto-
rial-based impact subcategories for each stakeholder group
and for the various life cycle stages. A general consulta-
tion process was designed to prioritize the identified impact
subcategories and to consider the most relevant ones from
the perspective of all concerned stakeholders. The selected
social and socio-economic impact subcategories were then
used to perform the S-LCIA phase and thus contribute to a
comprehensive analysis in the interpretation phase.

The developed step-by-step S-LCA framework was imple-
mented for a mobility scenario designed to compare electric
and conventional transportation technologies for passenger
use. The proposed list of social and socio-economic impact
subcategories resulting from its implementation is a contri-
bution towards harmonized social and socio-economic indi-
cators to the mobility sector. Moreover, the implementation
of the participatory approach demonstrated the interest of
stakeholders’ involvement within the S-LCA framework.
Indeed, social significance of social and socio-economic
impact subcategories has varied significantly according to
each of the consulted stakeholders (e.g., users, industrial
actors, public actors, worker unions). These discrepancies
have revealed different concerns and interests for the consid-
ered social topics and confirm their importance to account
for within the evaluation phase avoiding thus a partial repre-
sentation of significant impacts. The comprehensive analysis
comparing electric and conventional technologies has been
performed based on the S-LCIA phase and results from the
participatory approach. This phase underlined further the
interest of introducing important information on stakehold-
ers’ perceptions into the interpretation of results.
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The main limitations of the proposed participatory
approach are laid in its duration and sample size. In fact, the
surveys and data collection were time-consuming and should
be carefully designed. The sample size being dimensioned
to 70 different consulted stakeholders might raise questions
as no similar study has been conducted before. It is therefore
recommended to broaden the sample size as much as possi-
ble. Specificities may be revealed when consulting the differ-
ent stakeholders and the design of the surveys might require
to be tailored to each consulted stakeholder and product
system. In addition, the S-LCIA phase in our case study
was carried out through a generic impact assessment using
the PSILCA database which did not include user-dependent
impact subcategories.

Considering mobility scenarios, further research should
focus on evaluating user’s choices to enable a global social
evaluation including both technologies and services (per-
sonal, public, and shared transport). Furthermore, users’
stakeholder group should not be left out in S-LCA studies.
The designed approach allowed the identification of user-
dependent social and socio-economic impact subcategories
and their perception in the prioritization stage. Yet, their
evaluation in the S-LCIA phase was not possible due to the
lack of data and missing correlation with the used activity
variable. These could be further evaluated through specific
impact assessments. The application to different case stud-
ies with new activity variables besides worker hours may
allow covering potential social and socio-economic impact
subcategories valid for all stakeholder groups.

Although the present work did not cover the new pro-
posed stakeholder categories and impact subcategories by
UNERP guidelines, the proposed step-by-step S-LCA frame-
work is fortunately general enough to integrate these cat-
egories. Future research can focus not only on adding new
impact subcategories and stakeholder categories but also on
the application of the framework to other product systems
and sectors.

The comprehensive methodological framework, devel-
oped in our work, paves the way for more operational S-LCA
studies that promote all stakeholders’ involvement. The step-
by-step description may serve to guide S-LCA practition-
ers for applications to other case studies and sectors. The
development of such framework is essential to strengthen
an integrated sustainability assessment to support the deci-
sion-making process based on social, environmental, and
economic pillars.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11367-021-01988-w.
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