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Abstract: To promote the development of Social Life Cycle Assessment (SLCA), we
conducted a comprehensive review of recently developed frameworks, methods, and
characterization models for impact assessment for future method developers and SLCA
practitioners. Two previous reviews served as our foundations for this review. We updated
the review by including a comprehensive list of recently-developed SLCA frameworks,
methods and characterization models. While a brief discussion from goal, data, and indicator
perspectives is provided in Sections 2 to 4 for different frameworks/methods, the focus of
this review is Section 5 where discussion on characterization models for impact assessment
of different methods is provided. The characterization models are categorized into two types
following the UNEP/SETAC guidelines: type I models without impact pathways and type II
models with impact pathways. Different from methods incorporating type I/1I
characterization models, another LCA modeling approach, Life Cycle Attribute Assessment
(LCAA), is also discussed in this review. We concluded that methods incorporating either
type I or type II models have limitations. For type I models, the challenge lies in the
systematic identification of relevant stakeholders and materiality issues; while for type II
models, identification of impact pathways that most closely and accurately represent the
real-world causal relationships is the key. LCAA may avoid these problems, but the ultimate
questions differ from those asked by the methods using type I and II models.
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1. Introduction

The discussion of integrating social aspects into Life Cycle Assessment (LCA) started in the
1990s [1], and the comprehensive overview of the history of Social Life Cycle Assessment (SLCA)
development and the definition of SLCA can be found in Benoit et al. [2]. Reviews on SLCA include
seminar/conference proceedings [3,4] and review of the guidelines for the SLCA of products by the
United Nations Environment Programme (UNEP) and the Society of Environmental Toxicology and
Chemistry (SETAC) Life Cycle Initiative (hereafter the UNEP/SETAC guidelines) [2]. Two thorough
reviews on SLCA were provided by Jorgensen et al. [5] and Parent et al. [6]. However, since the
publication of the UNEP/SETAC guidelines [2,7], new SLCA frameworks/methods have been
developing at an increasing rate. There is an urgent need in updating the methodology development
for LCA practitioners.

The core of the UNEP/SETAC guidelines is its fourth chapter, where the guideline for performing
a SLCA is presented [7]. Taking a bottom up view, the inventory data in SLCA are collected to compute
the inventory indicators that can be aggregated/linked into subcategories that will be further
aggregated/linked into impact categories and/or stakeholder categories [7]. The approaches for the
aggregation for each type of impact categories (and thus characterization models) are to be selected
during the impact assessment stage. As identified in the guidelines, type I impact categories aggregate
the results for the subcategories within a theme of interest to a stakeholder [7]; thus, the characterization
model is to simply aggregate inventory indicators into (sub)impact categories. Whereas, type Il impact
categories model the results for the subcategories that have a causal relationships defined in the criteria
(e.g., autonomy) [7]. The characterization model is used to link inventory indicators to (sub)impact
categories through causal relationships (i.e., the impact pathways). The detailed discussion on type I and
type Il characterization models is provided in Section 5, together with Life Cycle Attribute Assessment
(LCAA) as a different method for measuring certain attributes of a product along its life cycle.

In this paper, “frameworks” refers to studies that provide theoretical frameworks. “Methods” refers to
detailed SLCA methods (with indicators, (sub)impact categories identified, and characterization
models developed). “Models” refers to the characterization models (according to type I or type II impact
categories) during Social Life Cycle Impact Assessment (SLCIA) (Figure 1). The categorization to
“frameworks” or “methods” is illustrated under “type of approach” (Figure 2). The relationships
between the frameworks, methods, and characterization models indicate that the general frameworks
may or may not lead to detailed methods development, where each method (except for LCAA) has its
own characterization models (i.e., type I or type II impact categories). Although it was included in
Section 5 with a discussion on type I/II characterization models, LCAA is not an impact assessment
method itself; rather, it is a new LCA method/modeling approach and should not be considered as
parallel to type I/II characterization modeling.
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Figure 1. Conceptual illustration of the relationships among SLCA frameworks, methods
and characterization models.

Methods

Impact Assessment:
Type /I
characterization models

Note: A method may be independently developed from a framework or can be developed as an
extension of a framework. A method can incorporate type I/II characterization modeling for SLCIA.
LCAA is a new modeling approach without using type I/II characterization models.

The focus of this review is Section 5 with discussions on type I/II characterization models for impact
assessment of different methods and discussions on LCAA. Before Section 5, general overviews of
different frameworks and methods are provided regarding their overall goals, type of approach, social
issues coverage (Section 2), data levels and collection (Section 3), as well as indicators types and data
attributes of indicators (Section 4) (Figure 2). Due to the nature of this review, the discussion elements
are mingled into these (results) Sections and are further discussed in Section 6.

All of the frameworks, methods, and characterization models reviewed here are published in journal
papers. We focused on reviewing the recently-developed methods (e.g., frameworks/methods developed
after the publication of the UNEP/SETAC guidelines; Table Al). However, several significant
publications on frameworks and methods are retained in this review to assure a systematic review.
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Figure 2. Overview of different frameworks and methods regarding their overall goal, type of approach, coverage of social issues, data level and
collection, indicator type, and the data attributes of the indicator [8—33].
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Notes: The relative frameworks/methods were numbered in the Figure according to their numbers in the references, for example, the left-right number “19” refers to the
method proposed by Hunkeler [9]. * The Social Hotspot Database (SHDB) and Gauthier [33] were not reviewed in detail in this paper; ® The part 1/part 2 of [27] and [31] was
explained in Table Al; © The “single social issue” here means coverage at only one stakeholder level (e.g., workers); ¢ The company level data may or may not be obtained
from first-hand data, as elaborated in the data collection section. It could be from first-hand data through survey, interview, or a second-hand data source through
company reports.
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2. Overall Goals, Type of Approach, and Coverage of Social Issues

For practitioners, the first question being asked prior to applying/adopting a method is whether the
overall goal, the type of approach, and the coverage of social issues would fit their studied system.
Similarly for SLCA developers, an overview of available frameworks/methods is necessary before
developing a framework and associated method.

As pointed out in the UNEP/SETAC guidelines [7] and Jorgensen [34], SLCA is a methodology
for decision support for the social impacts related to product life cycles. While most of the SLCA
frameworks/methods are goal-oriented, some have pre-determined goals (e.g., hot-spot identification,
comparative and/or non-comparative purposes; Figure 2). For frameworks/methods developed for
comparative studies, more than two alternative products are typically included. The consequential
SLCA proposed by Jargensen et al. [13] is designed for comparative studies, but it specifically compares
a product chain with “no chain” (non-production). Another consequential SLCA developed by Lagarde
and Macombe [11] compared two alternative production choices. The SHDB and its related
studies [14,35,36] were designed particularly for high-level product category assessment and screening
the social hot-spots from the sector and country level, instead of a particular product chain.

Regarding the type of approach of reviewed SLCA frameworks/methods, some are general frameworks,
which may provide thoughts for future method developers instead of targeting practitioners. Others are
detailed SLCA methods and often accompanied by case studies to demonstrate their methods (Figure 2).
When considering the type of approach, it is also practically important to group each framework/method
according to the coverage of the social issues. For example, it may not be sufficient for a company to
make a decision depending on a single criterion. We categorized a framework/method as either covering
a single social issue or multiple social issues (Figure 2).

The previous review, by Jergensen et al. [5], categorized each method according to the impact
categories of the Global Reporting Initiative (GRI). With the availability of the UNEP/SETAC
guidelines, the grouping can be made according to the guidelines (i.e., five stakeholder categories and
breakdown of the subcategories; Table 1). We identified the coverage of the social issues at the indicator
levels for the selected methods. For the frameworks, though some elaborated specific social criteria
(e.g., the framework proposed by Reitinger et al. [16] can virtually include all of the social criteria
identified in the guidelines. The framework proposed by Dreyer et al. [17] covers worker related issues),
most of the frameworks are not probed in details due to the generality of the frameworks and, hence, are
not specified in Table 1. Most of the methods emphasize the stakeholder of workers, with some covering
more criteria for workers than those recommended by the UNEP/SETAC guidelines. In contrast, the
stakeholders of consumer and value chain actors are rarely considered.
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Table 1. Coverage of social issues at indicator level of methods incorporating type I characterization models ' according to the

UNEP/SETAC guidelines.
Hutchins Ciroth Aparcana Foolmaun . )
. Hsu L Manik  Vinyes i
Stakeholder . Schmidt et al. and Dreyer and and and Hosseinijou Martinez-Blanco
. Subcategories 5 . etal. 3 et al. etal. 5
categories 2005 Sutherland  etal. 2010 Franze Salhofer Ramjeeawon 3 et al. 2013 2013 2013 ¢ etal. 2014
2008 ° 2011 2013 2013
Freedom of
association, collective X X X X X X X X
bargaining
Child labor X X X X x X X X
Fair salary X X X X X X X X X
p Working hours x x x x x x
Workers
Forced labor X x X X x X x x
Equal opportunities/
X X X X X X X X X X
discrimination
Health and safety X x x x x x x x x
Social benefits/
X X X X X X X
social security
Employees
X
Workers ¢ development
Families’ benefits X X x X
Health and safety x x
Feedback mechanism X
Consumer privacy
Consumer
Transparency X X x
End of life

responsibility
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Stakeholder

categories

Schmidt et al.

Subcategories
2005

Hutchins
and
Sutherland
2008 2

Dreyer
etal. 20102

Ciroth
and
Franze
2011

Aparcana
and
Salhofer
2013

Foolmaun
and
Ramjeeawon
2013

Hsu
etal

Hosseinijou
etal. 2013°

Manik
etal.
2013

Vinyes
et al.
2013*

Martinez-Blanco
etal. 20145

Local

community

Access to material

resources

Access to

immaterial resources
Delocalization and

migration

Cultural heritage

Safe and healthy

living conditions

Respect of

indigenous rights

Community engagement x
Local employment X

Secure living conditions

Society

Public commitments to
sustainability issues

Contribution to

economic development

Prevention and mitigation

of armed conflicts

Technology development x

Corruption x
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Table 1. Cont.
Hutchins Ciroth Aparcana Foolmaun ) ]
. Hsu oo Manik  Vinyes i
Stakeholder . Schmidt et al. and Dreyer and and and Hosseinijou Martinez-Blanco
. Subcategories 5 . etal. 3 et al. et al. 5
categories 2005 Sutherland  etal. 2010 Franze Salhofer Ramjeeawon etal. 2013 . et al. 2014
) 2013 2013 2013
2008 2011 2013 2013
Fair competition X X x x
) Promoting social

Value chain X X

responsibility

(excl. ) ) )
Supplier relationships X X

Consumers ”) )
Respect of intellectual
X

property rights

Notes: ' The names of the methods presented here can be found in Table Al. Section 5 provides discussions on type I/II characterization models. Frameworks and methods
incorporating type II models are not presented. One method [14] incorporating type I models is not included because it is a country-level hot-spot identification. The
method [24] (similar to [15]) is not presented. LCAA is not included because any types of “attributes” can be chosen for a single study; > The coverage of social issues is
categorized at indicator level, thus for Dreyer et al. [19,20], and Hutchins and Sutherland [27], they are categorized under “single social issues” in Figure 1 (at stakeholder
level) but appear to cover four issues at indicator level in this Table; * The ticked boxes are those selected for the case studies. For the method, all of the subcategories
originally suggested by the UNEP/SETAC guidelines should be included. After the preliminary screening, only relevant and important subcategories are included in the
follow-up site specific case studies; * There are two other indicators considered: total employees with higher/basic education; however, we consider this as the background
information, rather than social performance influenced by the conductance of the product systems; > The method [28] differentiates the foreground/background processes
at different scales (i.e., country, sector and company scale). Four groups of different indicators, subcategories, and stakeholders were identified for the foreground
country/sector/company scale and the background sector scale, respectively. Issues covered under the foreground country scale were ticked as an example. For the
foreground sector scale, except stakeholders/subcategories identified in the UNEP/SETAC guideline, a new stakeholder group “citizens collecting the organic fraction of
the municipal solid waste” was identified with three new subcategories. Also, another new subcategory—“product application” was added under the stakeholder of
“consumer”; ¢ The first “workers” in the second row includes subcategories listed in the UNEP/SETAC guidelines. The second “workers” in the third row includes social
issues other than those listed in the guidelines covered by some studies; ' The stakeholder of “consumer” is not presented in this table, only [28] considers this stakeholder.
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3. Data Level and Collection

For practitioners, the data types and methods of collection remain critical issues when performing
LCA analysis. Here, we point out the difference between the Environmental LCA (ELCA) and the
SLCA data collection, as well as the “company-based” data used in SLCA and its potential
inconsistency with the functional unit (FU) approach.

In LCA, FU must be established to enable different product systems to be compared on an equal
basis [37]. This is not causing any controversies in ELCA, since the environmental impacts are directly
linked with physical input/output of unit processes that are fulfilling the FU. However, such an approach
is not feasible in SLCA because one measures the socioeconomic impacts, which are rather related to the
behavior of a company instead of the function delivered by a given product [34,38]. This
“company-based” concept is widely accepted by other methodology research (Figure 2). In order to use
generic data (e.g., from statistical sources), the higher-level sector/industry/country data have been
frequently used (Figure 2). The link to the FU can only be reserved when the “unit-process level” data
are used (e.g., Hunkeler [9]) with the same unit-processes adopted from ELCA.

For data level categorization, most groupings in Figure 2 are the same as in Macombe et al. [39] who
categorized the SLCA systems into three levels from the overall goal perspective: the system described
as a chain of unit process, a chain of organizations/companies, and several countries in comparison.
The first and second levels identified in Macombe et al. [39] correspond to unit-process and company
levels in our grouping from the data perspective. The third level (i.e., inter-country comparison) in
Macombe et al. [39] was not identified similarly in our grouping, instead, we specify two different data
levels: sector/industry and country level and they are not constrained to be applied in inter-country
comparison only. For this reason, Macombe et al. [39] classified the LCAA study [18] as a chain of
organizations, we sorted it into both company level and higher sector/industry/country level data.

The “company-based” concept, meanwhile, leads to quite different data collection methods in
SLCA from an ELCA. In ELCA, the data can either be collected through generic data (e.g., from
environmental Life Cycle Inventory databases) or site-specific unit-process data. In SLCA, the data can
also be collected from a generic/desktop search or site-specific data, but the generic data often uses
statistical data, an input/output database, and publicly available company reports, which are not as easily
collectable as using an inventory database in ELCA. Site-specific data is often collected through surveys
and interviews (Figure 2). It is common practice for different data collection methods to be applied in the
same study. For example, in the LCAA method proposed by Andrews et al. [18], all of the different data
collection methods are necessary.

When data is collected at the company level, it raises the contradiction between requiring a FU
approach and taking the “company-based” concept [40]. Parent et al. also asked “Is the quantitative
relation between the indicator result and the functional unit of the product the only way to allow the
representation of the product function’s social aspects?” [6] and “Should the results be aggregated and
reported on FU basis” [41]? We left the answers to the readers. For some studies, the results are kept at
the company level and not allocated to the final FU (e.g., Dreyer et al. [19]).
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4. Indicators

Indicators act as the bridge that links the data with subcategories and impact categories, guiding the
data collection process. Often, indicators are developed as a direct measurement of some social issues
although the indirect indicator was first proposed in Dreyer et al. [19,20]. In SLCA, both qualitative and
(semi)quantitative indicators are used.

The data collected are often types of direct indicators (Figure 2), which directly measure the impact
themselves. Some authors [19-22] suggested the use of indirect indicators because the direct indicators
often fail to explain the complexities associated with social issues (In [20], the problem of using direct
indicators are identified. For example: Is there systematic registration of relevant data (In [20], the
problem of using direct indicators is identified. For example, is there a systematic registration of the
relevant data, like the registration of on-site accidents)? Would the disclosed data truly reflect the
situation? Take child labor, for example—the company may introduce a child to a working life by
allowing him or her to take on work that is appropriate for their age and maturity level in order to provide
them the opportunity to gain skills or enhance their family’s well-being). In Dreyer et al. [20], the
indirect indicators assess companies’ efforts of integrating managerial measures that are appropriate to
the social issues, at three levels/dimensions of managerial measures [19,20] (Table 2). Aparcana and
Salhofer [21] applied three indirect indicators out of 26 total indicators, but they only measured the
formal policies paralleling to the first dimension of Dreyer et al. [19,20] where the implementation and
effectiveness of the policies are not assessed. Hsu et al. also incorporated hybrid approaches where both
direct and indirect indicators were used [23]. Similar to Dreyer et al. [19,20], each indicator in Hsu’s
method has three levels of fulfillment.

Indicators can be of qualitative or (semi)quantitative nature (Figure 2). For indicators that use data
collected through interviews/surveys, they are often of a qualitative nature (i.e., textual description).
In order to aggregate/link them to (sub)impact categories, qualitative data should be further processed
into quantitative scores (e.g., scaling to a score of 1/0 for survey with “yes”/“no” in type I models,
or 1/0 to represent “certified”/“not certified” in LCAA). We define these types of indicators as
(semi)quantitative. Quantitative indicators are those represented by numeric data (e.g., number of
accidents). Qualitative indicators are those with textual description only, for example, Gauthier [33],
and Franze and Ciroth [24] applied qualitative description.

5. Impact Assessment

This section focuses on discussions about the characterization models (type I and type II models)
developed within each method, shown as the smallest circle presented in Figure 1, and the LCAA
method (Figure 1). Characterization is the first step (and sometimes the only step) in life cycle impact
assessment that aggregates the inventory to impact categories. According to the UNEP/SETAC
guidelines, there are two types of characterization models: type I and type II [7]. “Type I impact
categories aggregate the results for the subcategories within a theme of interest to a stakeholder, Type I1
impact categories model the results for the subcategories that have a causal relationships defined on the
criteria” [7]. The type I characterization model does not incorporate causal relationships and the
indicators are aggregated with a scoring system (i.e., aggregation by simple summation (}_ in Figure 3)).
Type II characterization model is more similar to what has been adopted by Environmental Life



Sustainability 2014, 6 4210

Cycle Impact Assessment (ELCIA) for many years, where the inventory is linked with midpoint
and endpoint impact categories through impact pathways, causal-effect chains/causal relationships
(Figure 3); f(x) in Figure 3 means that certain function (e.g., regression) is involved in calculating
the causal relationships. Different from the methods incorporating type I/II characterization models,
LCAA is a new LCA method (see Section 5.3). As a stand-alone method, LCAA should not be
considered as parallel to type I/II models.

Figure 3. Characteristics of the type I/II characterization model.

Stakeholder
Type 1 .
categories/ . Inventory
. Subcategories c o
N | relationshi impact indicators
o causal relationships categories

Midpoint
Type I Endpoint f X impact
impact categories !n(\l’ie nttOry
With causal relationships categories < indicators

Notes: The type I model is based on a scoring system with simple aggregation from indicators to
subcategories and impact categories; the type II model is based on the causal relationships from
indicators to mid/end point impact categories.

5.1. Methods Incorporating Type | Characterization Models

Different type I models seem to fall to groups that share similarities. We summarized each model
according to: the scoring system such as multi-level scores for indicators or two levels (“yes” or “no”
type) of scores, final aggregation (e.g., subcategory, impact category, or final single score), the
weighting method, the geographical specification (if any), the product system specification (if any),
and the scope of the case study/example (if any) (Table 2).

The methods developed by Schmidt et al. [8], and Hsu et al. [23], are the only ones that have
a geographical specifications due to the application of country-specific weighting (Table 2);
thus, they cannot be directly applied to studies outside the specified region. For the method of
Schmidt et al. [8], although previous authors identified it as using type II models [42], we considered
it using type I models because no impact pathways were established/linked with indicators to the
Areas of Protection (AoP). The indicators are aggregated using different weighting factors: the
relevance weighting factors indicate the extent to which the products or processes examined contribute
to the social issues at the national (Germany) level; and the subjective weighting factors examine the
general importance of each indicators by polling experts [8]. The overall weighting factor for each
indicator is the geometric mean of the two weighting factors and a final single score is obtained by
aggregation. Similar to the relevance weighting factors used in Schmidt et al. [8], Hsu et al. developed a
method for assessing the social performances of the products and companies in Taiwan [23], with a
focus on the stakeholder of workers following the UNEP/SETAC guidelines. Some managerial
indicators are measured indirectly, like in [20,23].
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Table 2. Characteristics of methods incorporating type I characterization models based on indicator scoring level, aggregation point, weighting

method, geographical specification, product system specification, and case study scope.

Method

Score Level

Aggregation Level

Weighting
Based on

Geographical
Specification *

Product System
Specification 2

Case Study/Example Scope 3

Relevance and panel

Schmidt et al. 2005 Multi-level Final single score o Germany General N.A.
weighting

Hsu et al. 2013 Multi-level Subcategory Relevance weighting Taiwan General N.A.

o . ) Recycling system in 4
Aparcana and Salhofer 2013 Two-level (1 or 0) Subcategory No weighting No specification ) ) Grave to grave *

low-income countries

Foolmaun and Ramjeeawon 2013 Two-level (yes orno)  Final single score Equal weighting No specification  EoL of PET bottles Grave to grave * *
Vinyes et al. 2013 Multi-level Final single score Equal weighting No specification  EoL of used cooking oil Grave to grave * *

Manik et al. 2013

Multi-level

Final single score

Panel weighting

No specification

Palm oil biodiesel system

in Indonesia

Cradle to gate *

Multi-level (and

Company risk scores obtained for 6

Dreyer et al. 2010 s Subcategory No weighting No specification  General companies, without further allocation to
multi-criteria °) . .
product/functional unit
Hutchins and Sutherland 2008, part 2 Multi-level Final single score Panel weighting No specification  General Gate to gate
Franze and Ciroth 2011 Multi-level Subcategory No weighting No specification  General Gate to gate
. ) ) L . . Cradle to grave *
Ciroth and Franze 2011 Multi-level Impact categories Equal weighting No specification ~ General

(except use and re-use stage)

Hosseinijou et al. 2013

Multi-level

Impact categories

Panel and equal weighting

No specification

Materials comparison

Cradle to grave *

Martinez-Blanco et al. 2014

Multi-level

Subcategories

No weighting

No specification

Fertilizer alternatives

Cradle to grave *

Ekener-Petersen and Finnveden 2013

Multi-level

Subcategories

No weighting

No specification

General

Cradle to grave

Notes: ' Geographical specification: “no specification” means that it can be directly adopted to future studies without further adjustment of the impact assessment method; “country name-specific”

means that the normalizing/weighting is country-specific and needs to be adjusted for future studies (e.g., weighting method of Schmidt et al. 2005 and Hsu et al. 2013 apply the country-level

statistic data for Germany/Taiwan); > Some methods are developed to specifically study a particular product system; thus, the social issues covered and (sub)categories identified are related to a

particular product system. Nevertheless, the characterization model is not affected by the selection of indicators/(sub)categories; ° Case study means that a real-world case was analyzed and is

indicated by *; example means a hypothetical study; * Grave-to-grave means that only the EoL stage was analyzed; > Multi-criteria means that three levels of criteria are measured (a. establishing

of guidelines and practices; b. the communication and delegation of responsibility for integration into daily work; c. systematic active control of the integration). The scores of the three levels are

multiplied to obtain the score for each managerial measure.
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The methods developed by Aparcana and Salhofer [21,22], and Foolmaun and Ramjeeawon [25], use
a two-level scoring system for indicators (Table 2). The former method is developed to assess the
recycling systems in low-income countries [21,22] and the latter to compare different End of Life (EoL)
scenarios for PET bottles in Mauritius [25]. In Aparcana and Salhofer [21,22], 1 or 0 is assigned to each
indicator for the fulfillment or non-fulfillment of the social compliance criteria [21,22] so that
an average score for each indicator is obtained as the proportion of stakeholders affirming fulfillment of
the criterion, resulting in a final score of 1 (if the proportion is over 50%) or 0 [21,22]. When aggregating
at the subcategory level, the subcategory score is 1 only if all of the indicators under this subcategory
are 1. In Foolmaun and Ramjeeawon [25], qualitative interview data with “yes” or “no” answers were
converted to percentage data and followed up by a single score (i.e., 0 to 4, according to the percentage
number). The scores were summed to a final single score with equal weighting for each subcategory.
The simple two-level scoring systems are used probably due to one common trait of their product
system: the targeted stakeholders involved tend to have low-education backgrounds (e.g., the recyclers);
thus, the use of the “yes” or “no” type of question may facilitate the data collection. This may be adopted
for similar future studies.

Vinyes et al. compared different collection schemes for used cooking oil in Barcelona from
environmental, economic, and social perspectives [10]. For SLCA, data collected for indicators are
transformed to contribution percentages, where the product system with the highest indicator value has
a contribution of 100% [10]. Similar to Foolmaun and Ramjeeawon [25], the percentage data are
converted to scores from 1 to 5 [10]. Scores for different indicators are summed over as a single social
indicator, without aggregation into subcategories or impact categories.

Manik et al. developed a method to assess the palm oil biodiesel system in Indonesia using
a seven-point Likert scale [26]. Stakeholders were asked for their social expectation and the social
perception of each social criterion of the product system [26]. This multi-level scoring system differs
from the “yes or no” types of indicators, reflecting different scales on how the actual performance to
a reference situation is satisfied. Experts were participated in panel weighting [26]. The gap between
the expectation and the perception was then multiplied with the weight of each criterion before
aggregating to a single score [26].

The methods in Dreyer et al. [20] and second part of Hutchins and Sutherland [27] converted the
company-based score to the product-based (i.€., FU) score using a “product relation factor” that expresses
the weight of the social risk profile of a company in a life cycle shall be given [17,20]. Dreyer et al.
proposed a type II model-based framework in 2006 [17] and later developed a method based on the type
I model for the characterization of a single social issue: labor rights [20]. The indirect indicator scores
were constructed using a scoring matrix and adjusted according to the context risk (by context, the
authors mean the external environment characterizing the risks of negative impacts.), through
multiplying a contextual adjustment factor (i.e., the probability of occurrence in context) [20]. Hutchins
and Sutherland developed a type I characterization model with four categories [27]. Each category was
presented by one quantitative indicator in the form of a ratio of performance (for example, for the
category of labor equity, the indicator value is obtained as the ratio of the average hourly labor cost to the
total compensation package for the company’s highest paid employee; for safety, it is obtained as the
ratio of average days with no injuries to the total days worked per employee). The final aggregated score
for a single company was generated through panel weighting.
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In the methods developed by Ciroth and Franze [15], and Hosseinijou et al. [12], the authors
separated the results by life cycle stage, known as the “cradle-to-grave” studies (Table 2). Such
separation is not observed in other studies using type I models. Ciroth and Franze’s method is based on a
color scale [15]. A score ranging 1 to 6 is assigned to each color for the quantification of the impacts.
In an earlier version of a similar method [24], it has a five color scale and that is not transferred to
a score. The method proposed by Hosseinijou et al. differs from the others in two ways. Firstly, a hot
spot assessment is carried out using a material flow analysis and stakeholders’ and experts’ interviews,
resulting in the most pressing social issues along the life cycle for identified stakeholders [12]. Secondly,
based on the hot spot identified, a site specific analysis is carried out, using a pairwise comparison
method of the analytic hierarchy process [12].

The method proposed by Martinez-Blanco et al. [28] assessed the sustainability of fertilizer
alternatives. Similar to Ciroth and Franze [15], and Hosseinijou et al. [12], it also carried out a
“cradle-to-grave” case study and reported results at the final FU. In order to link social aspects along the
supply chain to the FU, the indicators are weighted by the relative importance of processes on the life
cycle and then aggregated. The relative importance is represented by the coefficients of working time of
the processes (i.e., seconds of work per FU), following the approach of LCAA (see Section 5.3).

Using a general (imaginary) laptop example, Ekener-Petersen and Finnveden established a unique
approach for the hotspot identification of a product category [14]. The method stringently adopts
the stakeholder categories and subcategories from the UNPE/SETAC guidelines. For the impact
assessment, using a matrix form, the hotspots are identified by combining: (1) vertical columns representing
the country activity in certain life cycle stage; and (2) horizontal rows representing each country’s
performance on the indicators. The hotspots are those where vertical and horizontal highlights coincide.
For the vertical columns, the determination of the activity level for each country is done through global
statistics. The data collected in this way only identifies which countries are highly involved for different
processes. It conveys no information of the production chain of a laptop since these raw materials are
used in hundreds of different sectors. Similarly, for the horizontal rows, the indicator value and thus the
social performance of each country is not particularly linked to the production of the laptop. For these
reasons, we consider this method to be a generic social-hot spot identification method at the country
level, similar to the SHDB (SHDB is a global database that aims to identify a hotspot within a certain
sector of certain country. It incorporates type I model when identifying social risks and opportunities).

The indicators chosen in the Ekener-Petersen and Finnveden method need to be discussed here.
For example, to assess the subcategory of “delocalization and migration” for the stakeholder of
local communities, one of the indicators measured is “International migrants as percentage of
population” [14]. Do more international migrants mean the better performance on “delocalization and
migration”? Similar issues are encountered by other type I models when linking subcategories to final

2 Cc

impact categories, based on authors’ “own thoughts™ [15]. This “relativity” issue of the type I model is

further discussed in Section 6.
5.2. Frameworks/Methods Incorporating Type Il Characterization Models

In contrast to the booming of the methods with type I models since the publication of the
UNEP/SETAC guidelines, many of the frameworks/methods incorporating type Il models were proposed
earlier [9,17,29,30]. Some type II models were proposed within a general framework [13,17,29,43],
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thus, not providing many details or case studies as compared to the methods with type I models. Another
difference from the type I models is that normalization steps are involved in some of the type II
models [29,30], due to which, causing the geographical specification constrained accordingly (Table 3).

For the type II models, we categorized them into two groups: (1) with a single impact pathway that
measures a single social issue; and (2) with multiple impact pathways that measure multiple social
issues. We summarized the frameworks/methods with type II models according to: single/multiple
impact pathway(s), the causal relationships along the impact pathway(s), the normalization/weighting
methods involved in the process, geographical specification, and case study scope (Table 3).

Single Impact Pathway: The methods developed by Norris, Hutchins and Sutherland, and
Feschet et al. identified the single pathway by focusing on the AoP of human health [27,31,32]. They
attempted to establish causal relationships between economic development (GDP or GNP per capita)
and national health improvement.

Hutchins and Sutherland used the UN’s Human Development Report of 2005 to establish a
non-linear regression model to describe the impact pathway from the GDP per capita in the purchasing
power parity (PPP) to the infant mortality rate [27]. This method assumes a company has the choice over
the selection of suppliers from rich or poor countries. When choosing poor countries, the economic
change would result in a more obvious reduction in infant deaths. When choosing rich countries, the
economic change would be insignificant for infant mortality. Similarly, in the case study of Norris [31],
the health benefit to non-OECD countries showed significant compared to the health damages from
pollution due to their involvement in the Dutch electricity distribution.

Both Norris [31], and Feschet et al. [32], re-constructed the Preston curve (i.e., the empirical
relationship between the links of life expectancy and the income per capita) using different regression
models. Norris regressed the mean life expectancy on the GNP per capita at birth year based on 1999
PPP by identifying and adding two positive impact pathways between GDP and health outcome:
(1) the increased incomes of the poor; and (2) the increased public expenditure through increased
taxes [31]. The author pointed out that the model was a coarse screening method. It is recognizable that
the true causality (and thus the impact pathway) could not be easily demonstrated from a statistical point
of view due to issues, such as data availability, down/up-scale of data, choice of statistic models, etc.
Thus, previous studies are conditioned by certain technical constraints, which may include a series of
questions such as: (1) Do the increased incomes benefit the people in most need (e.g., the health statuses
of the poor tend to have a stronger co-relations with the increased income)? (2) Do the increased taxes
actually reach the increased public expenditure on health? (3) Is the scale-up from a micro-economy
(e.g., company level output) to the macro-economy (e.g., country GDP) valid? (4) The regression model
based on 2002 data from the World Bank, is it still valid to predict future situations while the GDPs and
populations are all dynamically changing through time? (5) Is this kind of country level analysis
representative of sectional or provincial differentiation? (6) The non-linearity between economic growth
and health output (e.g., small changes in the most poor countries correlate well with larger increases in
health outputs), what is the role of this correction in affecting the model results? In addition, (7) The time
lag between economic development and improved social service, would the authors yield a similar
conclusion when time is considered?



Sustainability 2014, 6 4215

Table 3. Characteristics of frameworks/methods incorporating type II characterization models based on impact pathway(s),
normalizing/weighting method, geographical specification, and case study scope.

Impact i i Midpoint Normalizing, Geographical Case study/
Framework/method Causal Relationships . _ e

Pathway(s) vs. Endpoint Weighting Specification Example Scope
Feschet et al. 2013 Single GDP per capita to life expectancy Endpoint only No Global Cradle to gate
Norris 2006, part 1 Single GDP per capita to life expectancy Endpoint only No Global Cradle to gate *
Hutchins and . . . ) .

Single GDP per capita to infant mortality Endpoint only No Global Gate to gate
Sutherland 2008, part 1

) ) Midpoint and )
Dreyer et al. 2006 Multiple Not specified . Not specified Global N.A.
endpoint
) ) Dozens of impact pathways, Midpoint and Global normalization;
Weidema 2006 Multiple o ) o o Global N.A.
refer to original document endpoint Monetization weighting
. Carrying out of unit process to labor hours o Egalitarian (equal) weighting ) )
Hunkeler 2006 Multiple ) . Midpoint only . No specification  Cradle to gate *
to affording social needs for each impact category

Brent and . Dozens of impact pathways are constructed, =~ Midpoint and South Africa normalization; . .

Multiple o ) . o South Africa Three projects *
Labuschagne 2006 refer to original document. endpoint distance-to-target weighting

Non-production to decrease in labor demand
Jorgensen et al. 2010 Multiple to unemployment to health; poverty; family =~ Not specified Not specified No specification ~ N.A.

tension; violence and crime

Note: * It serves the same mean as that in Table 2. Both “no specification” and “global” mean that it can directly adopted to future studies without further adjustment of the
impact assessment method. All type Il model-based frameworks/methods are developed to serve general purposes (not focused on a specific product category/industry); thus,
the product system specification (Table 2) is not identified here; * Similar to Table 2, the real-world case studies are indicated by *; otherwise, they are

hypothetical examples.
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While Norris’s model can be used for inter-country comparison, Feschet et al. further elaborated
the characterization model to incorporate time scales for understanding the dynamic behavior (i.e.,
the varying situations of individual countries over time) and variation among countries [32]. This
alleviates the fourth and seventh problems mentioned above. In addition, Feschet et al. emphasized that
four conditions should be met when applying their model [32]: (a) the activity happens within
countries where the GDP per capita in PPP is <§10,000 at the start point, which alleviates the sixth
problem above; (b) the activity should account for a significant part of the total GDP, which addresses
the third problem; (c¢) the duration of the activity is regular and long enough, based on the authors’ time
series analysis (showing a four-year lag between the economic growth and health improvement), which
addresses the seventh problem; and (d) the added value is shared within the country, which may
guarantee the positive answer to the first problem. Other problems are still too hard to address due to the
inherent technical constraints. Furthermore, while for the least developed countries, it is both intuitively
true and statistically validated, as in Feschet et al. [32], that the economic growth leads to health
improvement. For other countries, the causal relationships may also be reversed (i.e., does better
national health causes more productivity and economic growth?).

Multiple Impact Pathways: Frameworks/methods incorporating type II characterization models with
multiple impact pathways try to model the causal relationships between indicators to more than
one midpoint and/or endpoint impact categories (Table 3). Most models belong to frameworks instead
of methods.

Three early frameworks/methods using type II models are from Dreyer et al. [17,44], Weidema [29]
and Brent and Labuschagne [30]. Both Dreyer et al., and Weidema, proposed the final AoP as
“human dignity and well-being” [17,44]. In Dreyer et al., two classes of impact categories were identified
as obligatory and optional [17,44]. Weidema identified six damage categories and aggregated them to a
comprehensive indicator—Quality Adjusted Life Years [29], which is analog to the well-documented
Disability Adjusted Life Years from ELCIA. A top-down approach (i.e., starting from the damage
categories) is used when constructing impact pathways [45]. The estimate of global normalization
values is proposed for the first time, with the global level of well-being of 29% of the full well-being at
the time of the analysis [29]. Brent and Labuschagne also used a top-down approach, with AoP
identified and then end-point categories linked to the AoP. Each end-point category is linked from a total
of 19 mid-point categories) [30]. Some of the inventory indicators link directly to the end-point
categories without linking to the mid-point categories [30] (Figure 3). Although Brent and Labuschagne [30]
focused on the application of the method for project and technology assessment from a management
perspective [30], suggesting that the life cycle phases maybe are different from the product-based
assessments (the construction phase, the operation phase, and the decommissioning phase), the structure
of the characterization model is applicable for product assessment.

Another earlier type II model was proposed by Hunkeler in a geographically specific mid-point
based societal LCA for comparative product assertions [9]. The key feature of the method is to introduce
an intermediate variable—Ilabor hours. The causal relationships are not established like in other type II
models. Instead, the labor hours’ requirements for each unit process in a specific geographical location
were used and translated into a unit of societal needs (e.g., housing). The comparative results between
alternative products are kept at the mid-point level after an equal weighting for each impact categories.
In the case study, four impact categories were developed: housing, health care, education, and
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necessities [9]. This method has great potential to be applied by customizing the impact categories and
following the same calculation procedures for other practitioners.

More recently-developed frameworks include Jorgensen et al. [13], Lagarde and Macombe [11] and
Reitinger [16]. Both Jergensen et al., and Lagarde and Macombe, proposed “consequential SLCA”
frameworks, while Jorgensen et al. incorporated type II models and Lagarde and Macombe did not
specify any particular characterization models. In Jorgensen et al., the social consequences of
non-implemented product life cycles are identified, with the differences between consequential SLCA
and consequential ELCA considered [13]. The impact pathway from non-production to unemployment
is recognized based on the empirical evidences of Carlsson’s study [13,46]. Based on Hakim [47], the
impact pathway from unemployment to four impact categories is further included: the physical health
and mental health of the unemployed, poverty, family tension, and violence and crime [13]. Depending
on the socio-economic status of the un-employed individuals, the degrees of impacts vary among
individuals and, thus, “modifying factors” is adopted to measure how “effective” unemployment may
influence the impacts [13]. In addition to adjusting for the un-employed at the individual level, it seems
that the background context (e.g., social security) should also be a part of the “modifying factors”.

The goal of Lagarde and Macombe’s paper is to propose a framework for identifying the
organizations involved in the social life cycle of a product within the context of competition [11]. It does
not specify characterization models thus are not included in Table 3. In the case study, only the number
of potential jobs removed/created was measured at the indicator level [11]. It identifies the relevant
organizations using consequential thinking derived from consequential ELCA: “the organizations to
include in the social life cycle of product X are those that would change their behavior that has a
significant social effect in response to a change in the scenario to produce X [11]. Accordingly, the
cut-off criteria are defined as significant dependency criteria. The same questions are raised as in ELCA
for the cut-off criteria: How significant is significant? Should the “significance” be 5% of total impacts,
as used in many ELCA studies as a general rule of thumb?

For the framework of Reitinger et al., it is hard to identify its characterization model because the
framework was developed at a general level from the philosophical perspective and with a capability
approach [16]. The framework proposes AoP and employs the seven dimensions of human lives (life
itself; knowledge and aesthetic experience; some degree of excellence in work and play; friendship;
self-integration; self-expression; transcendence) as impact categories [48—50]. Except for the seven
dimensions for individual aspects, an eighth impact category—“fairness” is also included [16,43]. We
consider that the framework can be further improved toward a method incorporating either a type I or a
type Il model. For example, to be developed into a type I model, capabilities, as subcategories, can be
simply aggregated to the eight impact categories. To be developed into a type II model, one needs to
identify the quantitative causal relationships between the subcategories (i.e., the capabilities) and the
impact categories (i.€., the dimensions of lives), as well as AoP. Because we could not identify its model
type, it was not included in Tables 2 and 3.

5.3. Life Cycle Attribute Assessment

LCAA measures the share of relevant activity across a life cycle that has attributes of interest [31].
It asks question such as “what percentage of my supply chain has attribute X?” [18]. More specifically,
in a format like “40% of my supply chain is SA8000 certified”. This method was originally proposed by
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Norris [31] in the hope of using site-specific information provided by the proliferating set of certification
systems [31], such as those of OHSAS 18001, SA8000, Forest Stewardship Council (FSC) certification.
Consequently, Andrews et al. [18] elaborated the method by detailing the steps and calculation
procedures for LCAA. The mechanisms of the LCAA works in a similar way to the traditional LCA
computation [51], interested readers can refer to Figure A1 for a further discussion on the computational
structure of LCA and LCAA.

The LCAA proposed by Andrews et al. mirrors that of Hunkeler’s method. The difference is that only
statistical data sources of labor hours are used in Hunkeler’s method, whereas in Andrews et al., both the
general statistical data of labor hours and site-specific data are collected for the foreground system. In
the future, the Worker Hours Model developed by the SHDB [35] may be used for the labor hours of the
background system for the LCAA, which may potentially ease the burden in data collection.
Nevertheless, the data requirement is always high for LCAA because it requires both background and
foreground relevant activity flows that are not readily available (unlike in ELCA, the environmental
flows are available and do not need to be collected by the practitioners).

There are no normalizing/weighting steps involved in LCAA. The characterization model here only
assigns an explicit value of “0”, “1” or “unknown” (i.e., non-certified, certified, unknown) and thus
avoids the uncertainty caused by the invalidity of the impact pathway as in type Il characterization
models [42]. It should be noted that LCAA is a new way of modeling LCA and, thus, not exclusively
applicable to the social dimension.

Similar to the potential problems in “whether the data provided by a company can truly reflect the
situation” when measuring direct indicators [20], the validity of certification system needs to be taken
into account in LCAA. In some parts of the world where cultural background allows for high tolerance
of fraudulence and furious competition between third-party certification organizations, the company can
easily obtain the certificate without showing true compliance. The comparison between LCAA and
methods incorporating type I/II models is provided in Section 6.

6. Discussion and Conclusions

We reviewed recent advancements in SLCA frameworks, methods and characterization models.
While a brief discussion of the goals, data, and indicator levels were provided in Sections 2 through 4
for different frameworks/methods, the focus of this review is placed on the discussion of characterization
models for the impact assessment of different frameworks/methods.

At the impact assessment level, both type I and type II models have advantages and disadvantages.
Type I models may avoid the uncertainties of impact pathways, but face the problem of ensuring
whether the indicators are relevant for the stakeholders [42]. These problems can be avoided by carefully
choosing companies to be included in the perimeters and selecting the relevant indicators [11]. Although
type I models do not incorporate impact pathways inherently, the formations of impact pathways in
some cases need to be convincing for practitioners/developers that selected indicators are relevant and
representative for the corresponding subcategories. Clear linkage between subcategories and impact
categories needs to be established. A mixed use of type I and type II models seems plausible in this
regard. Type II models, on the other hand, follow a standard LCIA approach. During the impact
assessment, the different choices of impact categories are not as methodically important as for the
different choices of the characterization models [6]. Likewise, the choice of AoP is not important
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because it does not contain much information. The importance lies in the identification of the impact
pathways that most closely and accurately represents the real situation. More uncertain than the ELCIA
model, in SLCIA, different social/cultural context, time-scales, and scales of the change indicate that a
universal impact pathway may not be obtainable, making the situation more complicated. More valid
impact pathways may be established, as Jorgensen et al. suggested, by introducing new indicators, but
this is practically hard to achieve [42].

For methods incorporating type I models, we emphasize the importance of specifications for
the product system (Table 2). Some methods are developed for assessing specific product chains.
Although such product specification may apparently reduce the adoptability of the method for future
studies, it assures both the SLCA itself, and later on, the managerial effort and focus on the materiality
issues (by definition, materiality is the threshold at which aspects become sufficiently important that
they should be reported. The new focus on materiality in G4 means that sustainability reports will be
centered on matters that are very critical for achieving an organization’s goals and for managing its
impact on society [52]). From the materiality issues perspective, how broad the method covers social
issues (Table 1, Figure 2) is not important and should not be used to judge the effectiveness of a method.
As pointed out by Lagarde and Macombe [11], the UNEP/SETAC guidelines may not be systematic in a
sense of identifying the relevant stakeholders and materiality issues by stating “consultants and
researchers risk unintentionally overlooking some seriously affected actors, and therefore miss the
principal social impacts of a product” [11]. To address the problems, Lagarde and Macombe proposed
methods for identifying relevant stakeholders conditioned on the product system and its boundaries [11].
The systematic identification of “materiality issues” in SLCA remains a priority. A promising approach
is to learn lessons from tools such as the GRI.

One of the common traits of the methods and the case studies conducted are the partial life cycles
(Tables 2 and 3). Correspondingly, most methods put emphasis on the coverage of social issues on
workers, while the stakeholders of consumer and value chain actors are rarely considered (Table 1).
Although some authors covered social issues with additional indicators, they focused either on
the stakeholder of workers or product, project, and technology-specific indicators [53]. The partial
LCA may reflect the statement that “companies need to assess only those parts that they have an
influence on” [17,38]. Such partial LCA is categorized as management SLCA by Jergensen et al. [54,55].
LCAA assesses the product supply chain and is based on input/output tables. Therefore, it may not be
able to include use and EoL stages. Methods incorporating type I and/or type II models can include use
and EoL stages, but the data collection would be more challenging than accessing company data.

Different from type I/Il models, LCAA either encounters the relativity issues that may present in
type I models, or face the uncertainty problems during modeling impact pathways. Nevertheless,
LCAA is not considered as a superior method over methods with type I/Il models because the difference
is due to the fact that LCAA asks questions that are different from those LCA approaches.

Another interesting phenomenon is the development of different frameworks/methods/models by the
same author(s) [17,20,27], reflecting the inherent diversity feature of SLCA. As stated by Zamagni [56]
“SLCA has been sketched at a methodological level”. Clearly, it is of overriding importance to apply the
developed frameworks/methods, and/or to test the existing impact assessment models, while awaiting
new frameworks/methods emerge.
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One driver of the SLCA development is due to the increasing interest in Life Cycle Sustainability
Assessment (micro/product level) and Life Cycle Sustainability Analysis (both micro/product
and macro/societal level). For the micro level Life Cycle Sustainability Assessment, it is closely
related to SLCA under the broad formula of Life Cycle Sustainability Assessment = LCA + LCC
(Life Cycle Cost) + SLCA [57-59]. For the micro and macro level Life Cycle Sustainability Analysis,
one recent example is the EU-funded project—PROSUITE, which aims to develop a standardized
methodology and free software for the evaluation of the sustainability of technologies that cover all three
dimensions of sustainability [4,60]. Here, we focused on the reviews of stand-alone SLCA
studies, however, some of the reviewed studies carried out both ELCA and SLCA separately [10,24,25].
When carrying out ELCA and SLCA at the same time, the same FU and system boundary cannot always
be warranted. In a study comparing two different EoL scenarios for used computers,
Laquerre and Brodeur demonstrated the potential inconsistency between ELCA and SLCA [61].
In another study [24], the transport is included for ELCA but not for SLCA. When the product system
becomes more complex, the system boundary inconsistencies between ELCA and SLCA will increase
substantially [15]. Martinez-Blanco et al. [15] also stated that the comparability and reliability of
the SLCA results being challenged by the definition of the functional unit and the system boundaries
among others. Other inconsistencies between ELCA and SLCA include the usage and acceptance of
generic data, time sensitivity of data (e.g., social conditions change faster and require more updated data
than ELCA). A harmonization is necessary and expected in the near future.
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Appendix

Table Al. SLCA frameworks/methods reviewed in this paper.

Framework/method

Title of the publication

Schmidt et al. 2005

SEEbalance”: Managing sustainability of products and processes with the

socio-eco-efficiency analysis by BASF

Brent and Labuschagne
2006

Social indicators for sustainable project and technology life cycle management in the

process industry

Dreyer et al. 2006

A framework for social life cycle impact assessment

Hunkeler 2006

Societal LCA methodology and case study

Norris 2006, part 1

Norris 2006, part 2

Social impacts in product life cycles—towards life cycle attribute assessment '

Weidema 2006 The integration of economic and social aspects in life cycle impact assessment
Hutchins and Sutherland

2008, part 1 An exploration of measures of social sustainability and their application to supply
Hutchins and Sutherland chain decisions *

2008, part 2

Andrews et al. 2009

Life cycle attribute assessment

Jorgensen et al. 2010

Defining the baseline in social life cycle assessment

Dreyer et al. 2010

Characterisation of social impacts in LCA;
Characterisation of social impacts in LCA. part 2: implementation in six company case
studies

Franze and Ciroth 2011a

A comparison of cut roses from Ecuador and the Netherlands;

Ciroth and Franze 2011b

LCA of an ecolabeled notebook—consideration of social and environmental impacts

along the entire life cycle

Reitinger et al. 2011

A conceptual framework for impact assessment within SLCA

Aparcana and Salhofer 2013

Development of a social impact assessment methodology for recycling systems in
low-income countries;
Application of a methodology for the social life cycle assessment of recycling

systems in low income countries: three Peruvian case studies

Ekener-Petersen and
Finnveden 2013

Potential hotspots identified by social LCA—part 1: A case study of a laptop computer

Feschet et al. 2013

Social impact assessment in LCA using the Preston pathway

Foolmaun and Ramjeecawon

2013

Comparative life cycle assessment and social life cycle assessment
of used polyethylene terephthalate (PET) bottles in mauritius
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Table Al. Cont.

Framework/method Title of the publication
Social life cycle assessment for material selection: a case study

Hosseinijou et al. 2013
osseinijou of building materials

Hsuetal. 2013 Development of a New Methodology for Impact Assessment of SLCA
Lagarde and Macombe 2013 Designing the social life cycle of products from the systematic competitive model

Manik et al. 2013 Social life cycle assessment of palm oil biodiesel: a case study in

Jambi Province of Indonesia

Vinyes et al. 2013 Application of LCSA to used cooking oil waste management

) Application challenges for the social LCA of fertilizers within
Martinez-Blanco et al. 2014 . .
Life Cycle Sustainability Assessment

Notes: ' Norris’s paper has two parts: the first part of the paper incorporates type II characterization model and the second
part introduces LCAA; ? Hutchins and Sutherland’s paper has two parts: the first part of the paper incorporates the type IT

characterization model and the second part of the paper incorporates the type I characterization model.

Figure Al. Similarities and differences of the computational structures between the LCA and LCAA.
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Notes: Zyackground: €cOnomy-wide purchasing data table; Zgoregrouna: direct requirement purchasing table (from the
studied company and its first-tier suppliers purchasing data); Z: combined matrix by Zyackground aNd Zsoreground;
y: final demand vector, representing the functional unit, in monetary value for LCAA (e.g., $100 of products);
I: identical matrix; By caa: satellite matrix, similar to the environmental intervention matrix (Byca) in LCA. Unlike
in LCA, where the environmental intervention matrix is available, in LCAA, By caa has to be constructed by
practitioners themselves, depending on what attributes are to be studied. For example, if one wants to measure how
many labor hours are local along the supply chain, B caa is collected as labor hours per $ output of each sector in
Z. If one wants to measure the percentage of forested acres in the supply chain that are FSC certified, By caa is
collected as acres of forested land per $ output of each sector in Z; Qpcaa: Unlike in LCA, the characterization
factors are readily available, in LCAA, Qrcaa has to be constructed by practitioners themselves, representing
whether or not the company/sector satisfies the studied attributes. For example, if one wants to measure how many
labor hours are local along the supply chain, then Qpca4 is constructed as a vector filled by 1 (yes, the product is
produced locally), 0 (no, the product is not produced locally) and unknown, which is used for Zyckground t0 €ase
data collection burdens.
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