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Abstract

The potential for sustainability has been highlighted as one of the most important characteristics of product-service systems (PSS).
Nevertheless, a PSS is not intrinsically sustainable. Methods and tools for PSS sustainability assessment should be developed to be integrated
into the design process, especially in the early design phases, in order to conceive sustainable solutions. In addition, a PSS should be planned
considering the three sustainability dimensions, from a life cycle perspective. However, PSS design and assessment considering the full life
cycle is scarcely addressed in the literature, especially concerning the social dimension of sustainability. In this sense, this study proposes a
streamlined life cycle assessment based approach to identify potential social impacts along the PSS life cycle that can be integrated into the
early PSS design stages. The proposal is based on a hotspot analysis, which identifies where in the life cycle the most significant issues may
occur. The proposal was developed in three main phases, anchored in both hotspots analysis and PSS literature. After developing it, 10 experts
in PSS and sustainability assessed the proposal strengths and weakness. Some suggestions were offered by the researchers and improvements
were introduced to the proposal regarding PSS life cycle phases and the social impact subcategories. The experts considered the hotspot
analysis suitable to be applied in the early design stages when there is not much information yet regarding the system to conduct a complete life
cycle assessment. The next step of this research is the proposal assessment by practitioners in industry. Further work will also integrate the
environmental dimension of sustainability into the proposal.
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1. Introduction design process [4]. Careful evaluation of PSS sustainability

potential must be conducted in the early design stages [5],

The sustainability potential has been highlighted as one of
the most important characteristics of product-service systems
(PSS) [1]. However, PSS solutions are not intrinsically
sustainable [2]. A PSS needs to be properly designed in order
to have sustainability potential when compared with the
traditional business models [3]. The design process, therefore,
is one of the most influential factors in developing PSS
solutions that have a high potential for sustainability [2].

In fact, to conceive sustainable solutions, sustainability
aspects must be included as early as possible into the PSS

which can determine the quality of the final PSS solution [6].
In addition, PSS design and assessment should be conducted
from a life cycle perspective [7,8], which ensures effects do
not increase during the PSS life cycle [9]. However, few
methods and tools have been developed to assess PSS
sustainability potential from a life cycle perspective [8],
especially in the early design stages [10]. Moreover, the social
dimension of sustainability often occupies a minor position in
the PSS design and assessment [11-13]. There are, in fact, a
limited number of studies that consider PSS social effects
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[12]. More research should be conducted addressing potential
PSS social impacts, because to be considered as a real
sustainable solution, a PSS should provide environmental,
economic, and social benefits [3,12]. The development of
support methods and tools for PSS sustainability assessment
is necessary, especially with regard to the social dimension
[13], its integration into the early design stages and from a life
cycle perspective [5,8,14].

In this sense, this paper proposes a streamlined method for
assessing PSS social sustainability potential during the design
process. Streamlined assessment methods have been
recommended as suitable when strategic decisions have to be
made without many detailed data, such as in the early design
stages, and these methods apply a life cycle perspective [15].
Although the life cycle assessment (LCA) has a potential for
PSS assessment [14], conducting a complete LCA during PSS
early design process may be a challenge, as in the case of
products design [16,17].

This proposal is based on hotspot analysis, an approach
that allows identifying the most significant issues throughout
the life cycle [18]. The goal of the structured hotspot analysis
is to get an overview of possible social impacts that can be
valuable to identify actions that may be applied to improve
the PSS social performance. Hotspot analysis has been
highlighted as useful to optimizing PSS design [14], but there
is still limited research on this subject, especially regarding
the social dimension. Thus, this paper aims to explore the
hotspot analysis application in PSS design, in order to provide
a broad overview of possible social impacts and support the
decision-making process regarding impacts mitigation.

The remainder of this paper is organized as follows.
Section 2 provides a brief literature review concerning PSS
sustainability assessment. Section 3 describes the phases of
the research design. Section 4 presents the proposed hotspot
analysis approach, finalizing by outlining the proposal
evaluation by 10 experts in the field. Finally, section 5 draws
the conclusions and limitations of this work.

2. Theoretical background

The PSS sustainability potential has been highlighted in
various publications [e.g. 1-3,13]. To achieve sustainability
through PSS, a very important issue to be considered is how
to measure sustainability [19]. Some publications have been
addressing PSS sustainability assessment [e.g. 5,13,19,20].
Life cycle assessment [9,14] and life cycle costing — LCC [21]
for instance, have been applied to assess PSS environmental
and economic impacts. However, research gaps concerning
PSS sustainability assessment remain, as already pointed out
by ref. [13]. Only a few approaches proposed in the literature
can be applied to or adapted for PSS assessment during the
design process. Additionally, a limited number of methods
address the social dimension of sustainability and permit to
analyze effects from a life cycle perspective. Nevertheless,
due to uncertainties during the early design phases, novel
methods and tools are essential to enable the design team to
assess the degree of sustainability of a given product or
service [16]. Moreover, design planning that is centered on
the life cycle is essential to achieving sustainability

improvements; integrating socioeconomic modeling with
design and life cycle assessment is a research gap, even for
physical products [16].

Kjaer et al. [14] pointed out that LCA can be applied to
PSS evaluation in three scopes. The first one focuses on PSS
optimization in order to identify hotspots and evaluate
different improvement options. This evaluation is relevant
both in designing a PSS in order to optimize environmental
performance and optimizing a current PSS offering [14]. The
second scope concentrates on comparing PSS alternatives.
The third one assesses the consequences to an existing system
of implementing a PSS solution. Nevertheless, many
challenges to apply LCA for PSS assessment remain, as
already pointed out by ref. [14]. In addition, producing an
LCA method adapted to design situations is a true challenge,
mainly due to the time and effort needed for the data
collection phase, the LCA modeling, and then the evaluation
and interpretation of results [17]. Moreover, while LCAs are
vital to a complete life cycle assessment, it typically supports
the final stages of product design, when most features are
fixed [15]. LCA also focuses only on the environmental
dimension, and a limited number of studies regarding social
life cycle assessments (SLCA) have been conducted so far.

Other LCA-based assessment tools, including streamlined
LCAs, have appeared in the literature to mitigate the
complexity inherent in LCASs as its application to the design
process [17]. Actually, the literature discusses various
streamlined methods [15], including hotspot analysis, which is
valuable for the prioritization of resources and actions in
countries, industry sectors, products, and services that matter
by virtue of their environmental, social and ethical impact
profile [22]. Since hotspots analysis allows covering the social
dimension of sustainability from a life cycle perspective [23],
and can be valuable for PSS design [14], it was explored as a
potential method to be applied in the early stages of PSS
design, to identify potential social impacts throughout PSS
life cycle. Next section presents the research design to
structure the proposal of this study.

3. Research design

The goal of this study is to develop an approach to be
applied during the PSS design process, in order to identify
where are possible hotspots located in the PSS life cycle, and
the social impact categories associated with the hotspots. This
information may be valuable for identifying improvements in
the social performance along the PSS life cycle and for
suggesting mitigation strategies. From the identified research
opportunity, the research procedures were divided into three
phases, as showed in Figure 1.

Firstly (Phase 1), the literature on PSS and sustainability
subjects was reviewed by a search in relevant databases
(Scopus, Web of Science, and Compendex). After discarding
papers that were not aligned the cited subjects and the
duplicates, 116 articles were retrieved and analyzed. Fifteen
publications that address PSS sustainability assessment were
selected. This phase was valuable to provide an overview of
existing PSS sustainability methods and to support the
proposal development process. This literature review
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identified that there is a lack of methods and tools for PSS
sustainability assessment from a life cycle perspective in the
early design stages.

Phase 1 - Existing Phase 2 - Proposal development ‘ Phase 3 — Proposal

literature analysis verification

Research
phases

I I [

1 ' 3

Proposal structure based on PSS
and hotspot analysis literature
- System boundaries identification
(PSS life cycle phases, stakeholder
categorics and social impacts
subcategories)

- Analysis steps and procedures
definition

Proposal evaluation
- Questionnaire
development
- Proposal evaluation by
experts
- Proposal improvements
from the experts analysis

Literature review
_ PSS sustainability
assessment
- Hotspot analysis
approaches

Research methods

1 ]

Second version of the
proposal for hotspots
analysis

First version of the proposal
for hotspot analysis

Fig. 1. Scheme of the study’ research phases, methods, and deliverables.

Deliverables

The hotspot analysis was identified as valuable to be
integrated into PSS design [14]. For this reason, a literature
review on hotspot analysis was carried out in Phase 2. A
search for publications in the same previously mentioned
databases was conducted. An UNEP/SETAC [22] report on
existing hotspot analysis methodologies was also reviewed.
Hotspot analysis can be applied at different levels [22]: (i)
country, (ii) product portfolio, (iii) product category, and (iv)
individual product/service. The hotspot analysis methods at
the product/service level and those that consider the social
dimension were identified and selected for analysis. Choosing
a streamlined LCA method involves a balance between
simplifying the method and the type of results required [24].
Therefore, from the hotspot methods at the product/service
level that consider the social dimension, the Wuppertal
Institute’s sustainability hotspot analysis (SHSA) [22,23] was
selected as one of the starting points to structure the proposal
of this work. The main advantage of this method is that it is
relatively easy to use and it does not require expert
experience. This can be valuable in the PSS design context,
because it is still necessary to transfer the know-how from
academia to companies and designers [25]. However, in a
survey with experts conducted by UNEP/SETAC [22] to
identify the applicability of various hotspot analysis methods,
SHSA was classified as somewhat relevant for its purpose.
Another hotspot analysis method at the product level that
enables considering the social dimension is within the scope
of the SLCA [26]. This method was considered “essential”
regarding its purpose in the UNEP/SETAC survey. Since both
hotspot analysis approaches consider the social dimension and
have complementary strengths, they were combined for use as
the starting points. They were then adapted to suit PSS
requirements, considering the application in the early design
stages.

The first step for the proposal development (Phase 2)
consisted of identifying system boundaries, including life
cycle phases and assessment scope, as suggested in the SHSA
[22,23]. Life cycle phases are the basis of hotspot analysis
and, for PSS, both product and service life cycles should be
considered in an integrated way. The literature review
conducted in Phase 1 identified some studies that address the

life cycle perspective as well as the life cycle phases
considered by them. The PSS life cycle was then structured
based on those studies. Afterward, the most relevant social
impact categories and subcategories were identified in the
second step, following the SLCA guidelines [26]. A PSS
involves multiple stakeholders, and the possible social
impacts on all of them should be taken into account. The
SLCA guidelines offer a set of social impact subcategories
(i.e. significant social issues), which consider the perspectives
of various stakeholder groups [27,28]. This is different from
other hotspot analyses that do not make this distinction. This
is valuable for the PSS context which involves a range of
actors. The guidelines for conducting the social LCA [27] and
the methodological sheets that complement those guidelines
[28] were examined to obtain social impacts subcategories
suitable for PSS analysis.

The stakeholders categories related to PSS actors and
discussed in PSS literature were taken into account. In
addition, only social subcategories relevant to PSS evaluation
in the early design stages were considered, because most of
the social issues described in the SLCA guidelines refer to the
conduct of companies involved in the life cycle that is not
known in the early design stages. Only a few social issues
could be directly related to a process/product, which means
that there is a causal link between process and impact.
Therefore, the criterion to select the most relevant
subcategories was: they could be allocated directly to a
process/product/service of the relevant life cycle stage. This
decision was necessary because all organizations involved in
the life cycle are not known during the first stages of PSS
development. Finally, the last step of Phase 2 was carried out.
It was based on the procedures recommended in the SHSA
adopted as starting point and related studies [e.g. 18,22], This
step of Phase 2 is detailed further ahead in this paper.

In the study’'s Phase 3 experts on PSS design and
sustainability assessment were asked to find out strengths and
weakness of the proposal in order to enhance it. Researchers
in the fields of PSS and sustainability were selected based on
the following criteria: (i) experience in PSS design and
sustainability assessment; or (ii) experience in life cycle
assessment. Sixteen researchers from different countries were
identified and invited by email to answer a questionnaire. Ten
agreed to participate in the proposal evaluation. The
questionnaire included 36 five-point Likert scale questions
and one open-ended question for each item. The questions
involved: (i) the life cycle phases, (ii) stakeholder categories,
and (iii) social subcategories. For stakeholders groups
selected, for instance, experts were asked if they “strongly
disagree”, “disagree”, “neither agree nor disagree”, “agree” or
“strongly agree”. Additional questions comprised criteria used
in other studies that have proposed streamlined methods
[15,24] also in addition to criteria for assessing reference
models [29]. The questions involved, for instance, assessment
of the proposal regarding its utility, completeness, scope, etc.
Finally, some improvements were introduced in the proposal
accordingly to the respondents recommendations. The
alignment with PSS literature was used as the main criterion
to consider the suggestions regarding the inclusion of social
impact subcategories, since some of the suggested
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subcategories could not be applied for analysis of all PSS
categories and the proposed approach aimed to be general
enough to be applied during the design process of all PSS
categories. Next section presents the proposal.

4. Structure of the proposal for hotspot analysis

The complete hotspot analysis procedure consists of four
different steps, following SHSA [18,22]: (i) system
boundaries definition, (ii) two different ratings (relevance of
each social aspect and each life cycle phase), (iii)
multiplication of social aspects and life cycle phase scores (to
identify possible hotspots), and a (iv) summary of hotspots
and actions for improvements.

PSS life cycle phases should be established to define the
system boundaries (first step for structuring the proposal).
This is similar to other studies that explored streamlined
methods (e.g. ref. [15]). In Phase 1 of this study (literature
analysis), PSS life cycle phases were identified. The
successful offering and realization of a PSS extend the
involvement and responsibility of the provider from the
design and realization stages (beginning of life - BoL),
passing through the usage and maintenance stages (middle of
life - MoL), and finishing with the dismission (end of life -
EoL). PSS life cycle stages were structured based on those
stages (BoL, MoL, and EoL). Only the operative phases were
taken into account because most of the impacts are generated
in those phases. The life cycle phases considered were: (i)
manufacturing, (ii) implementation, (iii) use, and (iv) end of
life. Those are the general life cycle phases frequently
addressed by past publications.

The second step of system boundary identification
consisted of defining the assessment scope, by following the
guidelines for SLCA [26] to identify stakeholder categories
and social impact subcategories. The selected stakeholder
categories - aligned with PSS literature - were: (i) workers,
(i) consumers, (iii) local community where the PSS will be
located, (iv) society, and (v) business partners (the value chain
actors, e.g. sponsors). Those categories are deemed to be the
main stakeholders potentially impacted by the life cycle of a
PSS.

After stakeholder categories definition, social impact
subcategories were selected (applying the criterion discussed
in section 3). Since the impacts to all stakeholders involved in
the offering should be measured [19], the social impact
subcategories were grouped according to each group of
stakeholders involved. The main social impact subcategories
suitable for PSS analysis at the early design stages are
summarized in Table 1. The subcategories are not discussed
in detail in this paper due to paper’s length constraints in
length. For more details of the meaning of each subcategory,
refer to UNEP/SETAC guidelines [26].

Continuing the second step, it is necessary to grade each
life cycle phase to reflect the contribution to the overall social
impact of the PSS life cycle. The life cycle phases are gauged
against one another. The assessment should be done according
to a scale suggested by previous studies addressing SHSA
[18,22]: “high relative significance” (3), “moderate relative
significance” (2), and “low relative significance’ (1). This

analysis can be done based on available life cycle information
of scientific studies on the product or services involved in the
offering as well as other data sources like the Social Hotspots
Database (SHDB) [30]. The life cycle stage with the most
dominant social effects for the reference system (i.e. the
traditional business models) is given a higher score. Although
this analysis is dependent and based on existing studies,
analyzing the reference system in PSS design is a common
practice reported by other studies (e.g. ref. [21]). In situations
where a PSS system cannot be compared with a reference
system available in the market, the system can be compared
with a set of individual products and services that have the
same combined functionality for the consumer. If data are not
available, or if the design team is not aware of the relevance
of the life cycle phase, a low score should be given [22].

Table 1. Stakeholder and social impact subcategories of the proposal.

Stakeholder

categories Subcategories References
Health and safety [13,19,22,27]
Workers
Hours of work
Health and safety [12,22,27]
Feedback mechanisms [5,11,27]
Consumers i i
Privacy in the use phase [27]
End of life responsibility [27]
Safe and healthy living conditions [12,19,20]
Access to material resources [13,27]
. Access to immaterial resources [13,27]
Local community .
Community engagement [12]
Local employment [13,20]
Cultural heritage [27]
Public commitment to sustainability [27]
issues
Society Contribution to economic [27]
development
Technology development [13,27]
Value chain actors Supplier relationships [12]

Afterward, each social subcategory must be identified as
having a ‘low’, ‘moderate’, or ‘high relevance’ concerning
each life cycle phase (i.e. the impact subcategories are
analyzed along the life cycle using the same scale to gauge the
life cycle stages mentioned before in the previous paragraph).
The assessment of the relevance of each subcategory in each
life cycle phase should be done based on the literature, such
as scientific journals addressing life cycle assessment of the
products involved in the system or other studies involving the
reference system. In addition, if the location where life cycle
phases take place is known, the Social Hotspots Database may
be used to support the analysis. Sources consulted to evaluate
the social subcategories along the life cycle should be
documented [22]. The third step consists of multiplying the
scores given to each social subcategory by the respective
scores of the life cycle phase (Equation 1). This is carried out
to identify the hotspots:

anm X W1 = anm (1)
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Where: X.m is @ matrix of the scores given to each social
subcategory n in each life cycle phase m; w is a matrix of the
weights given to the life cycle phases m; and H is a matrix of
the hotspots that allows to identify if the social subcategory
might be a hotspot in the respective life cycle phase, if the
value of H;;is 6 or 9, as proposed in SHSA [18]. The last step
(iv) recommends that stakeholders review the results [22].

By including a stakeholder review, robust analysis results
are ensured [22]. This is also relevant in the context of PSS
design, because it is highly recommended that the actors
involved in a PSS offer get involved in the design process
[10]. The hotspots in each life cycle phase should be
summarized, and actions for design improvements should be
planned by the design team. Next section presents the results
of the proposal evaluation by experts.

4.1. Proposal evaluation by experts and improvements
The proposed hotspot analysis was evaluated by 9 experts

on PSS plus 1 on life cycle assessment. Some suggestions for
improvements were made (Table 2).

Table 2. Experts suggestions for improvements.

Suggestions/

Aspect recommendations Decisions
System boundaries - life  Inclusion of pre-production
cycle phase Accepted
System boundaries - life Division of the end of life Partially
cycle accepted
Stakeholders cateqories Division of the stakeholder Partially
g category ‘society’ accepted
. Inclusion of the stakeholder Partially
Stakeholders categories category ‘shareholders accepted
L Elimination of the subcategory
Sggézltem;)pr?:st privacy in the use phase in the Accepted
g stakeholder group ‘ consumers’
Inclusion of knowledge
L transfer/awareness, income .
Social impact - Partially
subcateqories generation and empowerment accented
g in the stakeholder group P
‘consumers’
Inclusion of income generation
Social impact and empowerment in the Partially
subcategories stakeholder group ‘local accepted
community’
Social impact Inclusion public policies in the Accepted

subcategories stakeholder category ‘society’

Regarding the system boundaries and the life cycle phases,
the suggested inclusion of the pre-production phase was
considered, since it is commonly addressed in LCA studies.
Publications that address PSS life cycle assessment were
analyzed [9], and, in general, the raw material extraction is
considered by them. Therefore, although the life cycle stages
considered a life cycle management perspective, the raw
material processing phase was also included. In addition, the
division of the end of life according to each PSS strategy (i.e.
if the product is recycled, redesigned, and/or remanufactured
at the end of life) was suggested. In fact, as pointed out by
Kjaer [14], this represents a challenge for life cycle analysis,
because PSS often pursue product lifetime extensions through
multiple life cycles, thereby challenging the definition of the

reference system. Different scenarios and possible social
impacts associated with them should be considered in the
analysis.

The suggestions concerning the stakeholder categories
included the division of the stakeholder group ‘society’ into
other groups, such as the government and regulatory
institutions. The division was partially addressed because this
category considers the impacts on society as a whole and this
distinction should be made in cases that it is extremely
relevant. Another recommendation was the inclusion of
shareholders as a stakeholder category. However,
shareholders are already included in the category *value chain
actors’, and it is suggested that in cases this category is
essential it should be considered as a subgroup. The design
team should analyze specific new stakeholder groups
particular to each situation and identify relevant social
subcategories for them.

Some suggestions for subcategories inclusion were also
made. The subcategory ‘privacy in the use phase’ in the
stakeholder group ‘consumers’, was suggested to be excluded
because it seems to be specific to some PSS (e.g. car sharing
systems). In fact, it is not for all PSS cases that consumer
privacy in the use phase is essential, such in the cases that the
property is transferred to the consumer in the product-oriented
category, and this subcategory was then excluded. In addition,
knowledge transfer/awareness, income generation and
empowerment were suggested to be included in the
consumers’ group. These subcategories may be especially
relevant for PSS implementation in low- and middle-income
contexts, and it is suggested that those are considered when
analyzing solutions that will be implemented in the mentioned
contexts. The inclusion of similar subcategories (income
generation and empowerment) was also suggested to the
stakeholder category ‘local community’. These are also
relevant for low- and middle-income regions, and should be
analyzed in the case of PSS development to be implemented
in those regions. The inclusion of the subcategory public
policies and instruments in the stakeholder category ‘society’
was also made as suggested, because public policies may
facilitate PSS implementation and diffusion. The inclusion of
the suggested stakeholders categories and impact
subcategories, as well as the consideration of the suggested
life cycle stages (pre-production and different EoL strategies)
improved the first version of the proposal.

In addition, experts were asked to evaluate the hotspot
analysis regarding various aspects (e.g. utility, clarity,
relevance). On the one hand, the proposal was evaluated as
relevant regarding its utility and simplicity to be applied
during the early design stages. This is an important aspect
because, as mentioned before, there is a lack of sustainability
assessment approaches in the PSS literature suitable for the
early design stages. In addition, it is also important that the
results of streamlined approaches are easy and simple to
interpret since an interpretation of results of a LCA requires
the expertise of the design team. Therefore, its simplicity may
be valuable and warrant increased use by the design team.

On the other hand, the proposal was criticized regarding
the evaluation depth and its scope of the sustainability
dimensions covered. In fact, the hotspot analysis enables a
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rough overview of relevant social aspects in a short period
and it is based on existing studies [18]. It is expected that in
the following stages of development a quantitative assessment
will be performed when more detailed information is
available. Moreover, only the social dimension was
considered because it is the sustainability pillar covered by the
hotspot methodologies chosen as the starting points and due to
the study focus. The next section summarizes the main
concluding points of this work.

5. Conclusion

Since there is a lack of sustainability assessment methods
and tools that can be applied in the early design stages of PSS
design, the proposed hotspot analysis may be suitable for
providing an overview of possible social impacts based on
reference systems and the location where life cycle stages take
place. Conclusively, the results are valuable for identifying
improvements in the social performance along the PSS life
cycle. The social impacts on all stakeholders are also
addressed in the proposal, which may be valuable because
most of the existing studies only consider the provider and
consumer perspectives.

From a practitioner's perspective, the hotspot analysis
seeks to resolve the common trade-off between
comprehensiveness of analysis and feasibility of data
collection during the early design stages. The proposed
approach can be applied by practitioners in industry and it
does not require the same level of knowledge required by
complex assessments such as LCA, although some knowledge
of scientific literature is also necessary. This may contribute
to the application of theoretical approaches in real contexts,
which is also a research gap in PSS literature. The main
limitation of this study is the proposal’s evaluation conducted
so far that involved only researchers so far. The next step is
the application of the proposed hotspots analysis in a real PSS
design context as well as its evaluation by practitioners from
industry. Further work will also integrate the environmental
dimension into the approach in order to improve the proposal
scope.
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