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Abstract Social life cycle assessment (S-LCA) is a
technique to assess the potential social impacts of a product
or service caused by its life cycle. The aim of this paper is
to critically review the methodologies applied in S-LCIA
and establish its current development status by highlighting
areas for improvement. The UNEP/SETAC Guidelines
published in 2009 provided general procedures for con-
ducting S-LCA, but lack S-LCIA methods. Many new
S-LCIA methods have been proposed but these are inher-
ently different, indicating a scientific and well-accepted
S-LCIA method is yet to be developed. Broadly, two types
of S-LCIA methods, i.e. performance reference point and
impact pathways methods are in use. A direction for future
research could be the refinement of the social hotspots
database and the social hotspot index calculation method.
Moreover, the S-LCIA method could be developed by
combining the performance reference point and impact
pathways methods.

Keywords Social life cycle assessment - Life cycle
sustainability assessment - Social impact assessment -
Social hotspots

Introduction
Sustainable development and sustainability are ideas that

have been widely used since the 1980s in response to the
negative impacts of development, policies, and strategies
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on the environment and society (UNEP/SETAC 2011;
Turcu 2013; Fiksel et al. 2014). Sustainability has three
main pillars, namely environment, economic and social
(Valdivia et al. 2011), which are referred to as the triple-
bottom-line (TBL) (Sikdar 2007; Vinodh et al. 2012).
Integrating life cycle thinking in product or process
development with the TBL approach challenges the con-
ventional waste management and pollution prevention
mindset that mainly focuses on the factory site (UNEP/
SETAC 2011). This new perspective avoids shifting the
problem from one phase to another and from one geogra-
phy to another (UNEP/SETAC 2009). This integrated
approach is referred to as life cycle sustainability assess-
ment (LCSA) (UNEP/SETAC 2011). LCSA is “the eval-
uation of all environmental, social, and economic negative
impacts and benefits in decision-making processes towards
more sustainable products throughout their life cycle”
(UNEP/SETAC 2011). It has three components: environ-
mental life cycle assessment (E-LCA), economic life cycle
assessment (i.e. life cycle costing, LCC), and social life
cycle assessment (S-LCA) (Klopffer 2003; UNEP/SETAC
2011). Among these three aspects of LCSA, S-LCA is
newer and is the least developed (Klopffer 2003; Jgrgensen
et al. 2008; Macombe et al. 2013). S-LCA gives an addi-
tional value to sustainability assessment by measuring its
social dimension (UNEP/SETAC 2009).

A social and socio-economic life cycle assessment, or
simply social LCA, is a technique that assesses the
potential social impacts of a product or service caused by
its life cycle. The life cycle includes the phases from
material extraction and manufacturing to end-of-life pha-
ses. The social impacts are mainly on human capital,
human well-being, cultural heritage, socio-economy and
social behaviour (Weidema 2006; UNEP/SETAC 2009).
Social LCA refers to the assessment of the real and

@ Springer



580

G. K. Chhipi-Shrestha et al.

potential social and socio-economic impacts of products or
services including positive and negative impacts along
their life cycle (UNEP/SETAC 2009; Dreyer et al. 2010a;
Feschet et al. 2012). Historically, the LCA approach was
introduced in the late 1960s (Paragahawewa et al. 2009),
whereas the S-LCA was introduced in 1993 with the ini-
tiation of the Society of Environmental Toxicology and
Chemistry (SETAC) Workshop (Benoit et al. 2010).
Therefore, S-LCA is relatively young as compared to LCA.

S-LCA complements both E-LCA and LCC in terms of
sustainability assessment (UNEP/SETAC 2009). S-LCA
has similar applications to E-LCA, such as sustainability
labelling, sustainability management and assessment of
technology alternatives considering social aspects. In
S-LCA, the Area of Protection (AOP) is human dignity and
well-being (Hauschild et al. 2008). More specifically, the
AOP is autonomy, well-being-freedom, and fairness based
on a capability approach (Reitinger et al. 2011). The ulti-
mate goal of S-LCA is the well-being of stakeholders over
a product’s life cycle (UNEP/SETAC 2009). Jgrgensen
(2012) argues that S-LCA should support decision making
that improves social impacts in a product’s life and should
give alternatives. This article aims to review the methods
applied in social LCIA and establish its current develop-
ment status by highlighting general shortcomings.

Social life cycle assessment framework

Similar to E-LCA, the general framework for S-LCA
consists of four steps, i.e. goal and scope definition,
inventory analysis, impact assessment and interpretation as
indicated by ISO 14040/14044 (ISO 2006a, b). The
framework is also endorsed by UNEP/SETAC Life Cycle
Initiative taskforce (GrieBhammer et al. 2006) and UNEP/
SETAC Guidelines (UNEP/SETAC 2009). The UNEP/
SETAC Guidelines for conducting the social LCA of
products were published after a five-year effort, including
several stakeholder consultations and review (Benoit et al.
2010). The Guidelines are a methodological guide for
practitioners conducting S-LCA. The UNEP/SETAC
Guidelines are supported by the methodological sheets
comprised of indicators for guiding data collection (Ben-
olt-Norris et al. 2011; Parent et al. 2010; UNEP/SETAC
2013). The steps for conducting S-LCA are as follows
(UNEP/SETAC 2009):

(@) Goal and scope definition The objectives and scope
of the study include functional unit, system bound-
ary, activity variables, unit processes, impact cate-
gories, subcategories, stakeholders’ identification,
social life cycle impact assessment methods and
assumptions.
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(b) Life cycle inventory analysis This step includes life
cycle data collection on activity variables and used
for prioritization, hotspots assessment, site-specific
evaluation and impact assessment. Occasionally,
new issues may be identified that could require the
modification of the goal and scope of the study.

(¢c) Life cycle impact assessment The life cycle inven-
tory results are first classified into social impact
categories and subcategories (referred to as classifi-
cation) and then calculated for the subcategory
indicators or endpoints (referred to as characteriza-
tion). Data validation and characterization are
important components of S-LCIA. Both the positive
and negative impacts of a product life cycle are
included.

(d) Life cycle interpretation The results of life cycle
impact assessment and life cycle inventory analysis
are evaluated together in order to identify significant
issues. Finally, conclusions are drawn in relation to
the defined goal and scope.

Methodology

This comprehensive review is mainly based on peer-
reviewed journal articles; however, to some extent it also
encompasses important conference proceedings and
reports. S-LCIA methodologies and case studies were
critically reviewed. The relevant literature was searched
using keywords, through online databases, web-based sci-
entific search engines and an electronic library till October
2013. Several researchers have used keywords for search-
ing the literature for critical reviews (Jgrgensen et al. 2008;
Jgrgensen 2012; Yi and Chan 2013; Kabir et al. 2013). The
appropriate documents were selected based on the fol-
lowing methods:

(1) Journal articles The majority of the scholarly
articles were obtained through Web of Knowledge
(WOK) databases. WOK has indexed 18,711
journal titles including the areas of the sciences,
the social sciences and the arts and humanities
(Reuters, 2013). This range of subject areas suits
the interdisciplinary nature of S-LCA. The key-
words “social life cycle assessment”, ‘“social
LCA”, “societal life cycle assessment”, and
“SLCA” were used alternatively in “topic” and
“title” field for the search. When the keyword
“social life cycle assessment” was used as the
topic, 38 articles were found but only 28 were
related to S-LCA; “social LCA” resulted in 26
articles, of which 17 were related to S-LCA;
“societal life cycle assessment” resulted in 4
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Fig. 1 Basis of critical review of S-LCIA literature (modified from Haider et al. 2013)

articles, of which 2 were related to S-LCA. In
addition, using the same keywords in “title” field
returned mostly the same articles but reduced the
number of articles. Similar keywords were used for
the search in SCOPUS and “Compendex Engi-
neering Village” databases. The resulting articles
were mostly similar. Moreover, because the S-LCA
may be conducted as a part of LCSA (UNEP/
SETAC 2011), an additional search with a keyword
“life cycle sustainability assessment” was per-
formed, which resulted in 22 articles in WOK.
Among these articles, 7 had a content related to
S-LCA. Also, the websites http://www.sciencedir
ect.com and http://www.springer.com were used
for an additional search. The selected articles were
further screened based on the information taken
from the abstract in order to select the articles
having the identified key areas.

Web-based search engine and electronic library
The web-based search engine http://scholar.google.
ca/ and the electronic library of the University of
British Columbia, Canada were searched using the
following keywords: “social life cycle assessment,”
“social LCA”, “societal life cycle assessment”,
“SLCA”, “life cycle sustainability assessment”,
and “Guidelines for social LCA”. Conference
proceedings, reports and books related to S-LCA
were obtained from these searches.

(i)

The literature selected by above procedures were
reviewed based on the methods used for S-LCIA that incudes

techniques for assessing social impacts (checklist, scoring,
weighting, E-LCI database, empirical etc.), impact catego-
ries/subcategories, stakeholders considered, functional unit,
and cut-off criteria as shown in Fig. 1. These documents
were reviewed in order to identify the S-LCIA methods
applied, current development status and research needs.

Social life cycle impact assessment

Although studies of S-LCA started in the early 1990s, there
was very limited published literature on this subject prior to
the publication of the UNEP/SETAC Guidelines in 2009.
The S-LCA framework given by UNEP/SETAC Guide-
lines included five stakeholder categories (workers, local
community, society, consumers and value chain actors), six
impact categories with 31 subcategories; inventory ana-
lysis; and impact assessment (UNEP/SETAC 2009). The
categories identified were human rights, working condi-
tions, health and safety, cultural heritage, governance and
socio-economic repercussions. The stakeholder categories
workers, local community, society, value chain actors and
consumers have 8, 11, 3, 4 and 5 subcategories, respec-
tively (UNEP/SETAC 2009). These subcategories are
characterized using a more than 100 inventory indicators
identified in a separate publication “The methodological
sheets for subcategories in social life cycle assessment”
(UNEP/SETAC 2013). Many S-LCA researchers used
these Guidelines after their publication. However, because
the Guidelines lack specific impact assessment methodol-
ogy, the researchers have used various methods for
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Fig. 2 Existing S-LCIA
methods
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S-LCIA. The existing S-LCIA methods can be classified
into two broad categories: performance reference point and
impact pathways methods. These categories can be further
divided into subcategories as shown in Fig. 2 and described
below.

Performance reference point methods

Performance reference point methods assess social impacts
using performance reference points based on internation-
ally accepted minimum performance levels such as ILO'
conventions, the ISO 26000 guidelines, and OECD?
Guidelines for Multinational Enterprises (Parent et al.
2010). The methods use colour coding, scoring and a
weighting system for aggregating the inventory indicator
data to impact categories (e.g. human rights). They can
aggregate qualitative and quantitative indicators. These
methods do not use cause-effect chains because the authors
believe that “cause-effect relationships are not simple
enough or not known with enough precision to allow
quantitative cause-effect modelling” (UNEP/SETAC
2009). These methods are included as Type 1 impact
assessment by UNEP/SETAC Guidelines (Parent et al.

! International Labour Organisation.
2 Organisation for Economic Co-operation and Development.
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2010). The mechanism of impact assessment in these
methods is shown in Fig. 3a.

Impact pathways methods

Impact pathways methods assess the social impacts of a
product system using impact pathways as characterization
models comprised of midpoint® indicators and/or endpoint*
indicators similar to environmental LCA (Parent et al.
2010). These methods are based on social effects and use
cause-effect chains to estimate the impacts. These methods
are mostly based on quantitative indicators. They are
included in Type 2 impact assessment by UNEP/SETAC
Guidelines (Parent et al. 2010). The mechanism of impact
assessment in these methods is shown in Fig. 3b.

The S-LCIA methods reviewed are explained in the
following sections—performance reference point and
impact pathways methods.

3 The point that lies somewhere on the impact pathway as an
intermediate point between the LCI results and the damage or end of
the pathways.

4 The attribute or aspect of natural environment, human health, or
resources, identifying an environmental issue giving cause for
concern or damage categories.
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Performance reference point methods

Many S-LCA researchers have applied performance ref-
erence point methods in assessing social impacts as a part
of S-LCA. However, they followed different techniques for
impact assessment, which are broadly classified as check-
list, scoring and Social Hotspots Database (SHDB) meth-
ods. The SHDB method also uses scores, but these scores
are predefined as a part of a larger SHDB system.

Checklist method

The checklist based impact assessment method uses the
tick (\/ ) sign against the presence of an impact. It assesses
an impact in terms of the presence or absence only. For
instance, Franze and Ciroth (2011) compared the social life
cycle impacts of roses from Ecuador and the Netherlands.
They developed a new checklist method for impact
assessment, although in general it followed the UNEP/
SETAC Guidelines for S-LCA. At first, the influence of the
stakeholder subcategory on the impact category was
assessed using a tick (\/ ) if it influenced the impact cate-
gory, a dash (-) if it did not influence the impact category or
left blank if it was not applicable. Then, the overall social
impact for each subcategory was assessed using a simple
colour system composed of five different colours (green to
red or varying shades), representing positive, indifferent,
lightly negative, negative and very negative effects. How-
ever, the applied method does not have a feature to express
the overall social impacts of a stakeholder category by
combining their subcategories.

Scoring methods

The scoring based impact assessment methods use scores to
assess an impact. These methods allow a researcher to
indicate a level of impact. Several researchers have
developed their own scoring methods. The major studies
that used the scoring system for S-LCIA are discussed
below.

(Dreyer et al. 2010a, b) developed a scoring based
characterization model using multi-criteria indicators for
S-LCIA and this model was applied to six companies. They
modelled labour rights covering the following impact cat-
egories (i.e. subcategories in the terminology of the UNEP/
SETAC Guidelines): forced labour, child labour, discrim-
ination and freedom of association and collective bar-
gaining. Their model was based on a scorecard that
contained several social impact categories. The manage-
ment efforts of companies were scored and then translated
into an aggregated performance score. The performance
score was multiplied by a contextual adjustment score
resulting in a company risk score, which represents the risk

of labour rights violations occurring. The contextual
adjustment score reflects the risk of violation in terms of
geographical location and industrial sector/branch. The
company risk score was interpreted as very high, high, high
to medium, medium and low risk, respectively, for
>0.9-1.0; >0.6-0.9; >0.4-0.6; >0.2-0.4; and >0-0.2
(Dreyer et al. 2010a). In addition, the risk of a particular
product of a company, referred to as the product risk score,
can also be calculated by multiplying the company risk
(CR) score and product relation factor.” The inclusion of
the geographical setting and industrial sector context in
impact assessment is an important social dimension and is
new in the model. However, the methodology proposed is
mostly suitable for large traditional industries mainly
employing blue-collar workers (Dreyer et al. 2010b) and
considered only workers. Similarly, Traverso et al. (2012)
assessed the social impacts of photovoltaic (PV) modules
on the workers stakeholder category, considering discrim-
ination, child labour, wages, working hours, social benefits,
and health conditions as a part of LCSA. The study simply
compared these subcategories (impact) among three PV
modules based on the number of male and female workers,
disabled workers, holidays, work shift, working hours,
family benefits, average wage for male and female workers
and minimum wage for a worker. However, the study
considered social impacts of PV modules only at the
manufacturing stage and only on the workers stakeholder
category in the supply chain.

On the other hand, Ciroth and Franze (2011) considered
many stakeholder categories and developed their own
scoring based method for S-LCIA. They applied their
method to a complex product, an Ecolabeled Notebook
namely an ASUSTeK laptop. In their approach, they used a
colour code that was transferred into the numerical values
using the assigned factors. They used six performance
levels: very good, good, satisfactory, inadequate, poor and
very poor performance levels and six impact levels: posi-
tive, lightly positive, indifferent, lightly negative, negative
and very negative effect levels. Each of these six levels was
assigned a colour dark green, light green, bluish green,
yellow, orange and red and a factor 1, 2, 3, 4, 5 and 6,
respectively. Each subcategory of a stakeholder was
assessed twice, i.e. for the performance of a company and
the impacts of the company. The resulting score for each
stakeholder category was the average of the assigned val-
ues of its subcategories (Ciroth and Franze 2011). In this
method, all subcategories are given equal importance,
although all subcategories and stakeholders may not be
equal in relevance.

Ekener-Petersen and Finnveden (2013a) included the
quantity of production (activity) in impact assessment

> Refer to (Dreyer et al. 2010a, b) for detailed calculation steps.
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based on a laptop case study. In this method, the total
activity in every phase of a product’s life cycle was dis-
tributed among different participating countries, which
were then categorized into the groups: very large activity,
large activity, moderate activity, and other countries based
on the degree of activity. On the other hand, the values of
each indicator of the subcategories lying in the highest
quartile range and second highest quartile range among the
countries were marked as severe impacts and quite severe
impacts, respectively. Whenever the larger activity coin-
cided with severe impacts, hotspots occurred. In addition,
Ekener-Petersen and Finnveden (2013b) revealed the lack
of data as well as the low quality of data in some instances
as a challenge of S-LCA. Although they claimed the
method as applicable, it is at a generic level. It requires
refinement particularly in the precise definition of relevant
indicators, stakeholder context, activity variables, and
inclusion of use phase.

Foolmaun and Ramjeeawon (2013) measured company
performance quantitatively and proposed a new scoring
method to assess the impacts of the company on stake-
holders (e.g. workers, society etc.) with respect to the
selected subcategories (e.g. child labour). This method
converted the inventory data collected for predefined sub-
category indicators into percentages and assigned the scores
0 to 4 to the indicators within 0-20, 21-40, 41-60, 61-80,
and 81-100 %, respectively. A higher score indicates better
conditions. Then, the scores obtained in each subcategory
were totalled to get a single score that allowed for com-
parison with different scenarios. They have applied this
method to the social life cycle assessment of selected waste
disposal alternatives for PET bottles and claimed the impact
assessment method as a better methodology. However, this
method gives an equal weight to all subcategories. Also, all
indicators such as transparency, freedom of association,
human rights etc. may not be expressed in percentages. In
addition, they calculated a single score for the combined
scenarios based on weighted sum of scores of each scenario,
which may not represent the real scenario. Also, the
researchers have suggested further research in their newly
developed impact assessment method.

Manik et al. (2013) used the gaps between stakeholders’
expectation and perception in impact assessment. They
assessed the social implications of palm oil biodiesel by
considering four stakeholder categories: value chain actors,
workers, local community and society. The social impacts
of the palm oil production in Jambi Province, Indonesia
were assessed by combining the stakeholders’ survey and
expert evaluation. The stakeholders’ survey determined the
gaps between the stakeholders’ expected and perceived
quality of each social criterion (subcategory) using Likert
scaled questionnaires. Similarly, an expert panel weighted
the impact categories and their subcategories (criteria). The
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gap of each criterion was multiplied by criteria weight. The
weighted sum gave a final score for the product indicating
its social impacts. The method seems applicable; however,
the result depends on the responses of the experts and
stakeholders. Therefore, the survey needs to be represen-
tative with a large sample size in order to avoid the samples
having a conflict of interest. Obtaining a sufficiently large
sample is a challenge.

(Aparcana and Salhofer 2013a, b) used a yes/no type of
response for scoring in order to assess social impacts of
waste recycling systems. They proposed a methodology by
scoring 1 for fulfilment and O for non-fulfilment of social
criteria. Based on stakeholders’ interviews, scores were
assigned to each social indicator of subcategories. Since
many individuals were interviewed within each stake-
holder, the average score for each indicator was calculated.
The stakeholder rated the degree of satisfaction on a scale
of 1 (very bad), 2 (bad), 3 (medium), 4 (good) and 5 (very
good). These ratings were assigned scores of 0, 0.25, 0.5,
0.75 and 1 ,respectively. An average score higher than
medium (0.5) indicated the fulfilment of social criterion
and received a final score of 1, otherwise it received a final
score of 0. After computing average scores for each of 26
indicators, the score of each subcategory was calculated.
The authors mentioned this method as a feasible method-
ology to assess the social impacts of waste recycling sys-
tems based on formalization approaches. However, the
linkage between functional unit and social impacts in the
methodology is not stronger. Therefore, its applicability to
other systems needs to be validated.

In summary, the variety of scoring systems proposed by
different researchers for S-LCIA methods indicates the
lack of a common, well-accepted system. The assigned
scores vary with 0/1 for yes/no questions to four scoring
classes or more for grading the levels of impacts. Another
issue is the use of weights. Clearly, all the impact cate-
gories and subcategories are not of equal significance. So, a
proper weighting scheme for impact categories and sub-
categories is needed. In addition, scientific cut-off criteria
that distinguish the important stakeholders and impact
categories are lacking. Moreover, as far as possible, spe-
cific social impacts rather than generic social impacts
should be assessed. As one method, Dreyer et al. (2010a)
included geographical setting and industrial sector factor
using contextual adjustment score for assessing social
impacts. In addition, data unavailability and the low quality
of data in some cases is an important issue for S-LCIA.

Social hotspots database method
The Social Hotspots Database (SHDB) system was devel-

oped under Social Hotspots Database project (www.social
hotspot.org). It has 22 social theme tables with 133
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indicators in five categories in March 2013 version (Ben-
oit-Norris et al. 2013). The five categories are labour rights
and decent work; health and safety; human rights; gover-
nance; and community infrastructure. The social theme
tables have a list of indicator data with risk levels low,
medium, high and very high for 191 countries and 57
sectors. In addition, the SHDB has a feature of Workers
Hours Model. The SHDB ranks a country-specific sector
(CSS) in supply chains based on labour intensity. The
worker hours’ model is generated using a Global Input-Out
(I0) model obtained from the Global Trade Analysis Pro-
ject (GTAP) database. By the GTAP model, 113 countries
and regions can be modelled for 57 sectors, i.e. 6441 CSS
(Benoit-Norris et al. 2012a). Similarly, the social hotspot
index (SHI) is calculated to clearly show the large amount
of social impact information for each CSS. At first, the risk
level identified in each social issue is assigned with a
weight of zero to low risk, 1 to medium risk, 2 to high risk
and 3 to very high risk. The weight-scores of all the social
issues in a CSS are summed. These issues are considered
risk or negative impacts. Then, the information of worker
hours ranking is incorporated in the index by increasing the
weighted sum of social issues based on respective worker
hours. The final total score is divided by the highest score
possible (a condition if all issues have very high risk levels)
for a particular CSS and finally multiplied by 100 in order
to calculate the SHI (Benoit-Norris et al. 2012b).

The S-LCA researchers have begun to use the SHDB.
(Benoit-Norris et al. 2012a, b) identified social hotspots in
product supply chains using the SHDB system as men-
tioned above. They conducted a pilot test of the SHDB
with social scoping assessments of seven products, namely
strawberry yogurt, shampoo, orange juice, laptops, wheat
cereal, hard surface cleaners and laundry detergent.
Moreover, (Benoit-Norris et al. 2013) applied the SHDB
system to about 100 product categories to identify social
hotspots. The results can also be shown in a graph for easy
visualization. However, this procedure results only in the
generic hotspot, and specificity is still lacking.

Lehmann et al. (2013) also used the SHDB for identi-
fying social risks in assessing the social aspects of sus-
tainability assessment of two technologies: water supply
and wastewater treatment in Indonesia and a design option
for new technology of fuel production (microreactor). They
found a majority of the social issues included in the
methodological sheets describes only the conduct of or-
ganisations. Social issues directly related to a process/
product are less covered. Therefore, they proposed several
social indicators for assessing social sustainability of
technologies particularly for developing countries such as
reported trust in social institutions, fluctuation of person-
nel, requirement of skill and knowledge in operating and
maintaining technology.

In summary, the SHDB can serve as a database for
S-LCIA in much the same way as the environmental LCI
database (e.g. ecoinvent) serves for environmental LCIA.
However, the SHDB uses GTAP databases which are at the
country level and broad economic sectors that lack speci-
ficity. In addition, the SHDB should include more positive
impacts, uncertainty analysis of the data, and improved
characterization model and prioritization method in the
SHI (Benoit-Norris et al. 2012a). Moreover, the local
conditions and individual company behaviour highly affect
social impacts. These issues should be addressed by the
S-LCA researchers making a global or regional social
database for impact assessment.

The major case studies that used performance reference
point methods for S-LCIA are summarized in Table 1.
Table 1 shows that S-LCAs were applied to a variety of
products in different geographies (countries). The life cycle
phases included in the studies varied from single phase
studies to the studies of entire life cycle phases. Similarly,
there was a high variability in the number of stakeholder
categories, subcategories and indicators considered from
study to study although the stakeholders and subcategories
depend on the objectives of an individual study. The
number of stakeholder categories, subcategories and indi-
cators varied from 1 to 5, 4 to 30 and 10 to 138, respec-
tively as shown in Table 1. Above all, the cut-off criteria
were not specified in most studies. These case studies show
that the performance reference point methods being prac-
tised are not standardized. For instance, the selection of a
cut-off point that delineates the system boundary may alter
the results significantly. These weaknesses indicate that
performance reference point methods still need to be
improved to be acceptable to the scientific community.

Impact pathways methods

Generally, impact pathways methods involve quantitative
indicators  characterizing midpoints and endpoints.
Researchers have used different techniques, which can be
classified as the empirical method and the environmental LCI
database method. The empirical method uses the data
obtained from secondary sources such as literature, archive
data or primary sources such as the data obtained from the field
for use in empirical relations. However, environmental LCI
database method uses the data from environmental LCI
database which has been primarily prepared for E-LCA.

Empirical method
The empirical method involves the use of empirical for-
mulas or rules in order to assess social impacts. There are a

variety of empirical methods applied to S-LCIA as dis-
cussed below.
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In one of the earlier works on S-LCA, Dreyer et al.
(2006) proposed a conceptual S-LCA framework using
ILO conventions. The pathway model (framework), from
top to down, included an area of protection (human dignity
and well-being) and midpoints (impacts of companies on
employees). As a new concept, they included a two-layer
social LCA method containing an optional and obligatory
set of impact categories. In the obligatory set, a minimum
requirement based on universal norms and local or country
norms was included. In the optional set some self-deter-
mined context-specific parameters were included.
Although some impact categories and their indicators have
been developed, the framework is still at an early stage and
lacks a systematic framework for normalisation, weighting
and aggregation. On the other hand, Weidema (2006)
proposed QALYs (Quality Adjusted Life Years) as a unit
of impact measurement for human well-being analogous to
DALYs (Disability Adjusted Life Years) being used as a
measurement unit for damage to human health in envi-
ronmental LCA. He used six damage categories for human
life: health; life and longevity; autonomy; safety, security
and tranquillity; equal opportunities; and participation and
influence.

Brent and Labuschagne (2005) and Labuschagne and
Brent (2006) proposed a quantitative method, Social
Impact Indicators (SII) for social impact assessment for S-
LCA. This method was developed based on the Resource
Impact Indicator approach of the South African context.
The SlIIg (SII for a main social resource group) was cal-
culated as follows (Brent and Labuschagne 2005, Labus-
chagne and Brent 2006):

Sllg = » > 0x.Ce.Ne.Sc (1)
Cc X

where Qx represents the quantifiable social intervention
(X) of a life cycle system in a midpoint impact category C;
Cc represents a characterization factor for an impact cat-
egory (of intervention X) within the pathway (no charac-
terisation factors are assumed as a first approximation);

Nc represents the normalisation factor for the impact
category based on the social objectives in the region of
assessment, i.e. the inverse of the target state of the impact
category (obtained from social footprint data in the region
of the assessment);

S. = Cy/T; represents the significance of the impact
category in a social group based on distance-to-target
method; C represents the current social state; T represents
the target social state

The SII impact assessment method was applied by La-
buschagne and Brent (2006) to assess the social dimension
of the sustainability of projects and technologies in three
process industries: an open cast mine, a chemical facility
and a fibre manufacturing plant. They found that
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information on the social footprint or the project is not
available for all midpoint categories and concluded “a
quantitative assessment of social life cycle impacts cannot
be applied for project and technology life cycle manage-
ment purposes in industry at present”. Social footprint is
necessary for S-LCIA. The authors reached the same
conclusion with additional case studies (Labuschagne and
Brent 2008). Moreover, Labuschagne et al. (2005) and
Labuschagne and Brent (2006, 2008) identified the social
area of protection (AOP) as internal human resources,
external population, macro social performance and stake-
holder participation with each having several midpoint
categories. Labuschagne and Brent (2006) urge the devel-
opment of practical guidelines and a checklist for assessing
the social dimension of the sustainability of a project and
technology life cycle. In addition, subjective weighting is
also needed for four main social category groups based on
the expert judgement (Brent and Labuschagne 2005).

However, Paragahawewa et al. (2009) proposed modi-
fied SII impact assessment. The authors recommended
using the SII of Labuschagne and Brent (2006) by substi-
tuting ‘significance of the impact category’ (Sc) by a
severity ratio (SR) defined as follows:

SR = L/ Lcr (2)

where L; represents the level of sustainability issue of
concern in the future time (7x) and Lcr represents Critical
level of sustainability issue

L; is further estimated as:

Ty
Ly = Lew; + fdt (3)
T.
for a sustainability issue having continuous functions for
many environmental issues

Ty
Ly = Leu; &+ Z A 4)
T.

for a sustainability issue having discrete functions for many
social issues

where Lcu represents the current level of a sustainability
issue, T represents the current time, and 7 represents the
future time

This method also needs weighting among impact cate-
gories as well as among social category groups. The
authors proposed six subgroups: company, employees,
national and international community, future generations,
and consumers. The inclusion of future generations as a
subgroup (or stakeholder) characterized by the indicators
resource use and environmental impacts is a newer
concept.

Jgrgensen et al. (2008) compared several methods
applied to S-LCIA before 2008 and found an inconsistency
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in researchers’ understanding of social impacts. Some
researchers used midpoint level impacts while others used
endpoint level impacts. At the midpoint level, the major
impact categories used were human rights; labour practices
and decent work conditions; society; and product respon-
sibility including several quantitative and descriptive
indicators which varied among the authors. At the endpoint
level, Norris (2006) used a human health/human well-being
impact category with two indicators: mortality and
morbidity.

A single social impact indicator, specifically health
impact, was assessed empirically by some researchers.
Feschet et al. (2012) assessed the social impact of
a product using Preston pathway (curve), an empirical
relationship, between real life expectancy at birth and real
per capita income. The study has presented the health
impact due to economic activity of the banana industry in
Cameroon. Interestingly, they found that the activity of the
banana industry would increase the life expectancy at birth
in the country by five days over 20 years considering
200,000 tons export of bananas annually. In addition,
Feschet et al. (2012) have suggested that the Preston curve
is applicable when the four conditions are met: GDP per
capita is less than 10,000 dollars; the given activity has a
significant contribution to national GDP; the duration of
the given activity is regular and long; and the added value
generated by the activity is shared within the entire coun-
try. Although the authors mentioned it as a valid method
for comparative purpose, it needs further research for its
validity and refinement. Indeed, health is affected by many
factors such as environmental quality, education, employ-
ment, access and quality of health care, and health
behaviours (smoking, diet, and alcohol) in addition to
income (Senterfitt et al. 2013).

In another study, Basurko and Mesbahi (2012) consid-
ered health and safety as the social AOP and have proposed
a newer methodology for impact assessment using a water
treatment system as a case study. The authors used the
BAMES tool (sustainability assessment tool for social
dimension) similar to Myers-Briggs Type Indicator (MBTI)
psychometric personality tests, which expressed social
impacts in four-letter codes with each code representing the
health impacts of users. They considered four health aspects
such as physical impact (musculoskeletal), psychological
impact (mental disorder), impact on state of mind (cognitive
sate), and impact on health (biological health i.e. illness)
each defined by two alternatives resulting in 16 impact
types. These social impacts were ranked based on the health
aspects in a decreasing priority as illness, psychological
impact, physical impact, and impact on state of mind. The
authors considered this method helpful in designing and
operating the marine technologies. However, the bound-
aries between happy and unhappy; apathy and energetic;

degenerative and good; and ill and healthy states are usually
fuzzy, which could produce uncertain results.

Some authors have assessed country-level social LCA.
For instance, Stamford and Azapagic (2012) assessed the
social dimension of the sustainability of electricity options
for the UK at the country level as a part of LCSA by
considering the full life cycle. Five electricity options (gas
power, nuclear, offshore wind, photovoltaics, and coal)
were compared. They assessed social impacts on workers,
local community, society, and future generation by con-
sidering eight impact subcategories (social issues) com-
prising 19 social indicators. However, the study is at the
country level and generic and assessed social impacts
mainly based on the estimation from historical data and in
some cases the estimation from LCIA results. In addition,
only a few social issues were considered and the basis of
social issues selection or cut-off criteria is not discussed in
the study.

Social impacts under competition may be different than
usual. Lagarde and Macombe (2013) assessed social
impacts in the context of competition using a new method —
the systematic competitive model. They compared social
impacts i.e. change in rural jobs created due to the
implementation of a pig farming plan in the Republic of
Croatia in two different assessment systems. They used the
same cut-off criterion (significant dependency), i.e. inclu-
sion of those whose behaviour with social effects was
significantly affected by the changes. The assessment sys-
tems used a value chain method and a systematic com-
petitive model. The value chain method is a classical
method as suggested by the UNEP/SETAC Guidelines
(2009), whereas the systematic competitive model is a new
model proposed by the authors. The new model includes
the short term effects of market competition evolved due to
the new production. However, the two assessment systems
produced very different results for the same real system.
The new model is applicable in the context of intense
competition in the supply chain and valid for about one
year as competition in business changes rapidly. Also, the
proposed cut-off criterion of significant dependency has
subjectivity.

An empirical method can also be applied using the data
directly collected from the field. The collected data are site
specific, and so impact assessment is also site specific. This
method increases the certainty of impacts assessed with
respect to the location. Few researchers have used the field
based method for impact assessment. For instance, Moriiz-
umi et al. (2010) assessed the social dimension of the sus-
tainability of mangroves planted on wastelands in Thailand
as a part of LCSA considering a complete biological life-
cycle of a mangrove from seed collection to mangrove use
phase. The study considered employment as an indicator for
assessing the social dimension of sustainability. It compared

@ Springer



590

G. K. Chhipi-Shrestha et al.

two mangrove management systems based on the amount of
local employment generated in different phases of the
mangrove life cycle (including the mangrove-charcoal use
phase). The study involved site-specific data collection and
analysis from the plantation site, the mangrove forest area,
mangrove study centres, and charcoal factories. However, it
considered only one social indicator for assessing the social
dimension of sustainability.

In conclusion, there is a wide variation in the empirical
method applied in assessing social impacts. Cut-off crite-
rion is an important issue, which has not yet been defined
in S-LCIA methodology. On the other hand, Feschet et al.
(2012) and Weidema (2006) proposed methods of model-
ling impact pathways quantitatively; however, their appli-
cation has limited use and requires further development.
So, there is a lack of a characterization model for impact
pathways or cause-effect modelling in social impact
assessment. This situation can lead to subjectivity in the
results and can cause a higher uncertainty. On the other
hand, Moriizumi et al. (2010) demonstrated the use of field
based data to assess the social dimension of sustainability.
The use of field based data has the benefit of higher
specificity in social impacts with respect to location.
However, it is time and resource consuming. This method
is mostly suitable for assessing social impacts only on one
or very few stakeholders considering a fewer issues in one
or two phases of life cycle. The field based S-LCA of the
entire life cycle of a product that has life cycle phases in
more than one country is difficult and impractical.

Environmental LCI database method

In environmental LCI database method, the environmental
LCI database is used for estimating social impacts. This
approach is similar to environmental life cycle impact
assessment. Hunkeler (2006) used an LCI database of
E-LCA to compare the social impacts of two types of
detergents. The methodology was based on midpoints and
used labour hours as an intermediate variable. By the same
system boundaries and a functional unit as of E-LCA, the
existing LCI was transformed to a geographically specific
LCI for each unit process. Then, the employment hours
were calculated for each unit process and an overall
employment table was computed. Finally, the social
impacts were assessed using estimated regional character-
ization factors. However, the author mentioned this method
as preliminary model. Although this method attempts to
connect S-LCA with E-LCA by including a geographic
specificity in S-LCA, it is a process based model and does
not account for the behaviour of a company, which is also
an important aspect of S-LCA. In another example, Men-
ikpura et al. (2012) used the results of E-LCIA to assess the
social dimension of the sustainability of municipal solid
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waste management systems in Thailand. The human health
impacts were estimated based on the disability adjusted life
years (DALYs) resulted from LCIA, whereas the income
based community well-being i.e. potential generation of
employment opportunities at each hierarchal position was
estimated using Eq. 5 based on Hunkeler’s (2006) theo-
retical concept.

Uplifting living standard (no.of individuals per tonne)

_ Zi(PEOi * TW;) + Linformal (5)
COL

where PEO,; = potential employment opportunities for ith
level (labour h/tonne), TW,; = rate of wages ($/h) of ith
level, Iinformal = income generation from indirect activities
($/tonne), COL = cost of living ($/person)

The researchers found this approach to be applicable for
evaluating the social dimension of the sustainability of
municipal solid waste management. However, human
health impacts assessed through life cycle emissions (LCIA
results) give an average impact for the general population.
This method does not include the health impacts to waste
handlers, which are more severe. In addition, only two
social issues are captured in the framework.

Baumann et al. (2013) also used DALY as an indicator
of health impacts and compared the health impacts of
automobile airbag production and the lives saved by its
use. The DALY lost due to metals mining and the pro-
duction of electricity and pyrotechnic materials were esti-
mated using their statistical records on accidents, whereas
DALY lost due to toxic emissions along the life cycle of an
airbag system was estimated using the USE-LCA® model
used in the Eco-indicator’99 impact assessment method.
Similarly, DALY saved by the use of airbags is the sum of
Years of Life Lost (YLL) saved and Years of Life Disabled
(YLD) saved by the airbag system as follows:

Sairbag = No .of lives saved by airbag alone
= (S X eairbag)/ (eairbag + eseatbelt) (6)

YLL = (Sairbag/No. of airbags produced per year)
x Average life years saved per accident

YLD = (Pjirbag/No. of airbags produced per year)
x Duration of nonfatal accidents prevented
x severity of nonfatal (spinal cord) injury prevented

where S represents total number of lives saved by airbag and
seatbelt systems together; e represents life-saving effec-
tiveness; P denotes injuries prevented analogous to S and f
(injury-preventing effectiveness) is analogous to e as of
Eq. 6. Moreover, as mentioned in the previous section,
Stamford and Azapagic (2012) also assessed some social

S Uniform System for the Evaluation of Substances Adapted for LCA
Purposes (USE-LCA).
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impacts of electricity options for the UK using E-LCIA
results particularly for human toxicity, total human health
impacts, and abiotic resources depletion. However, these
methods lack cut-off criteria. In addition, they give generic
results lacking location specific impacts.

From these case studies, it can be said that the use of the
E-LCIA database for S-LCIA is the bridge for linking
S-LCA and E-LCA and also maintains uniformity in
functional unit, system boundary, and base data as far as
possible. However, only a few social impacts such as
health impact and employment are assessed by this method.
In addition, it is mostly generic assessment. The many
social effects caused by company behaviour cannot be
captured by this method.

The major case studies mentioned above that used
impact pathways methods for S-LCIA are summarized in
Table 2. Table 2 shows that S-LCAs were applied to a
variety of products across the world. Similar to perfor-
mance reference point methods, the life cycle phases
included in different studies were variable. The number of
stakeholder categories, subcategories, and indicators
included was also highly variable although the stakeholders
and subcategories depend on the objectives of an individual
study. There were 1-5 stakeholder categories, 1-18 sub-
categories, and 1-43 indicators considered in the studies as
depicted in Table 2 Compared to performance reference
point methods as mentioned in Table 1, impact pathways
methods include fewer subcategories and indicators. The
reason might be that impact pathways methods require
quantitative indicators to establish cause and effect quan-
titatively in order to estimate social impacts. Also, it is
noteworthy that the cut-off criteria were specified in very
few studies. The cut-off criteria were given in qualitative
terms such as “significant” process. As a result of these
limitations, these methods must be scientifically improved.

Discussion and future direction

The issues associated with the social life cycle impact
assessment method and the researches needed to overcome
these issues are discussed below.

Issues of social life cycle impact assessment method

There is a great variation in the application of social life
cycle impact assessment methods. Several researchers have
proposed their own S-LCIA methods that need additional
scientific justification. The main issues related to the
S-LCIA method are discussed below.

(i) The social dimension of sustainability is difficult to
measure (Clift 2003). There is no international

consensus formed yet on the social life cycle
impact assessment method. The approaches pro-
posed by different researchers for S-LCIA are
highly innovative and experimental (Macombe
et al. 2013). Development of a standardized method
for impact assessment is required.

(i)  There is no complete set of social (significant) issues
yet prepared for conducting S-LCIA. The method-
ological sheets of the UNEP/SETAC Guidelines
identified more than one hundred issues. These
issues are highly ideological and ambiguous and may
be interpreted differently depending on political,
ethical, and cultural backgrounds (Baumann et al.
2013). Often, only a few issues are directly related to
a process or a product (Lehmann et al. 2013).
Therefore, the list of social issues needs to expand in
scope to include the issues related to a product or
process, making it as crisp as possible.

@iii))  The social issue is highly dynamic with respect to
space, time and institutions (companies). In addition,
there are other phenomena such as market competi-
tion associated with products, which may produce
different social impacts besides those that may result
from the conventional S-LCA method (Lagarde and
Macombe 2013). The competitiveness features are
generally difficult to quantify (Dos Santos and Brandi
2014). These dynamic impacts are yet to be modelled
in S-LCA studies.

(iv)  There is no consensus among S-LCA community on
cut-off criteria for identifying the socially significant
processes, system boundary (Benoit et al. 2010) and
weighting system. These are great challenges to be
addressed in order to develop a scientifically
accepted impact assessment method.

(v)  The recently developed social hotspot index ‘SHI’
identifies social hotspots using performance levels
(social theme tables) as well as labour intensity
(workers hour model); however, it is more generic,
i.e. applicable geographically at the country level
and economically at the broad sector level.

(vi) A majority of S-LCA studies have not included the
use phase of a product, which in fact, is necessary
to be assessed.

Research needs

The social LCA is still a newer area for research. In order,
to develop this research area, the followings can be
considered.

(i) Research is needed to refine S-LCIA method to be
acceptable for the scientific community. The
acceptable impact categories, scoring, weighting,
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cut-off criteria, allocation method, and area of
protection are to be included.

(i) As social impacts within a supply chain mostly
depend on the behaviour of an individual company,
site-specific data collection is the key. However, it
is practically very difficult to visit and collect site-
specific data from all the organizations within the
supply chain of an S-LCA study. It requires
prioritization or cut-off criteria for identifying
socially significant organizations/companies for
site-specific data collection, for which a global
social database is needed. The recently developed
SHDB system might serve for this purpose. How-
ever, this database can be made specific for a more
realistic result by further breaking down its sectors.
Each sector/industry can further be classified as
large, medium and small industries as many social
issues depend also on company size. Innovative
research is needed to make the SHDB more
specific.

(iii)  The present methodology of the SHI needs further
improvement to make it more objective, and one
alternative could be the inclusion of multi-criteria
decision analysis in the SHI (Benoit-Norris et al.
2012a, 2013).

(iv)  Since the financial conditions change rapidly in the
global business environment, it affects the social
database. A regular update of the database and
further research is needed to capture the dynamic
behaviour of social data.

(v) Research is also needed in elaborating social and
socio-economic mechanism (UNEP/SETAC 2009)
and in identifying and reducing the sources of
uncertainties associated with S-LCIA methods
(Meyer and Upadhyayula 2014).

(vi)  In contrast to E-LCA, the mechanisms and indica-
tors linking inventory data to potential social
impacts may not always be quantitative in
S-LCA. Some impacts may be captured by qual-
itative and semi-quantitative indicators (UNEP/
SETAC 2009). This shows that the S-LCIA method
can include performance reference points-based
impact assessment methods. For instance, many
S-LCA case studies conducted to date have used
these methods although there is a great variation in
their study methods. These methods require devel-
opment of a common scoring system.

(vii)  In addition, impact pathways-based impact assess-
ment method is objective and able to quantitatively
link a functional unit and life cycle inventory data
to social impacts. Some social impacts like human
health, employment, salary etc. can be assessed
using quantitative indicators showing the

@ Springer

applicability of impact pathways-based methods.
This implies that the S-LCIA method can be
developed further by combining performance ref-
erence point-based and impact pathways-based
methods, for which a further research is needed.

Conclusions

Social LCA is conducted to improve the well-being of
stakeholders throughout a product’s life cycle. S-LCA,
along with already developed E-LCA and LCC, completes
the sustainability analysis of a product. This article aimed
to provide the current development status of S-LCIA.
S-LCIA is still developing in terms of depth and breadth of
research, applications, and method development. In par-
ticular, a scientific and widely accepted impact assessment
method is yet to be developed. Diverse S-LCIA methods
have been proposed that might produce varying results.
Moreover, future research direction could include the for-
mation of global social database, the refinement of the
SHDB and improvement of the SHI calculation method.
The SHI can be made more objective by including multi-
criteria decision analysis. The improved SHI can be used
for prioritizing site-specific data collection. On the other
hand, the S-LCIA method can be further developed by
combining performance reference point and impact path-
ways methods. The method needs to be capable of
assessing positive and negative social impacts. Also, pre-
cisely defined cut-off criteria must be included in order to
objectively identify socially significant processes.
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