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Abstract

Purpose Sustainability analysis should include the assess-
ment of the environmental, social, and economic impacts
throughout the life cycle of a product. However, the social
sustainability performance assessment is seldom carried out
during materials selection due to its complex nature and the
lack of a social life cycle assessment tool. This study presents
a single score-based social life cycle assessment methodology,
namely social sustainability grading model, for assessing and
comparing the social sustainability performance of construc-
tion materials using a case study on recycled and natural con-
struction materials.

Methods The proposed method is developed based on the
methodological framework provided by the United Nations
Environment Programme/Society of Environmental
Toxicology and Chemistry guidelines published in 2009 and
the methodological sheets published in 2013, the indicators
and sustainability reporting guidelines provided by the Global
Reporting Initiatives and ISO 26000 for social responsibility
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of products, and the indicators provided by the Hong Kong
Business Environment Council Limited for construction sus-
tainability. A twofold research approach is proposed in this
model: the first one is the qualitative research based on expert
interviews to identify, select, and prioritize the relevant sub-
categories and indicators, and the second one is the operation-
al research based on the case-specific survey to collect the
required data. A social sustainability index was proposed for
the interpretation of the results effectively. A case study on
construction materials was conducted to illustrate the imple-
mentation of the method using case-specific first-hand data.
Results and discussion The major outcome of this study is the
systematic development of a social sustainability assessment
tool based on the established standards and guidelines. The
case study showed that four subcategories are crucial social
concerns for construction materials (i.e., health and safety is-
sues of the materials, health and safety of workers, company’s
commitment to sustainability, and company’s policies on en-
ergy and water consumption). Based on the sustainability in-
dex proposed, using recycled aggregates from locally gener-
ated waste materials scored higher (about 31-34%) social sus-
tainability than using imported natural aggregates. In addition,
recycled aggregates and natural aggregates achieved “sustain-
able” and “neutral” rating sustainability levels, respectively.
However, several subcategories (e.g., health and safety, work-
ing hour, forced work, training and social benefits of workers,
and quality of the materials and information disclosing to pub-
lic) are still needed to improve the social sustainability perfor-
mance of recycled aggregates.

Conclusions An integrated social life cycle assessment meth-
od is presented in this study for assessing the social sustain-
ability of construction materials. In addition, the reported case
study in this paper is one of the first attempts for social sus-
tainability assessment of recycled construction materials, and
the method can be applied to other recycled materials/products
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for comparative analysis. However, several critical factors,
such as integration in other life cycle methods and software,
sensitivity analysis, and more case studies, are still needed for
further improvement of the developed method.

Keywords Construction materials - Recycled materials -
Social life cycle assessment - SSG model

1 Introduction
1.1 Background

A sustainability assessment of a product usually considers
three dimensions, viz. environment, economy, and society.
In the realm of life cycle assessment (LCA), there are three
interactive and iterative methods, namely the environmental
LCA, the life cycle costing (LCC), and the social life cycle
assessment (S-LCA). As a method to assess the environmental
impacts throughout a product’s life cycle, the environmental
LCA has already been developed and reached to its standard-
ized form in terms of methodology, evaluation, and imple-
mentation (ISO 2006a). LCC for assessing economic perspec-
tives also has evolved to a relatively mature stage in terms of
methodology (Hunkeler 2006; Swarr et al. 2011). However,
the use of the S-LCA method (Macombe et al. 2011; do
Carmo et al. 2017a) for social sustainability assessment is still
under rapid development (Dong and Ng 2015; Grubert 2016;
Lehmann et al. 2013). Increasing scientific efforts have been
devoted in S-LCA in terms of method development and case
studies with wide applications after publishing “the methodo-
logical sheets for subcategories in social life cycle assessment
(SLCA)” by UNEP/SETAC in 2013 and scientific meetings
afterward (e.g., the SETAC Europe 24th Annual Meeting in
Basel and the 4th International Seminar on SLCA in
Montpellier) (Petti et al. 2016).

S-LCA can be used to identify, communicate, and report
the social impacts, sustainability knowledge, and social con-
ditions of a product (Benoit et al. 2010; Petersen 2013). While
S-LCA is a promising method, the collection of valid data is
always a challenging issue (Kruse et al. 2009) which would
restrict the implementation of S-LCA (Traverso et al. 2013).
In addition, S-LCA results are fairly complex and thus diffi-
cult to be understood by decision makers (Traverso et al.
2013). Social conditions are usually dynamic and the changes
of social data are much faster than environmental data, which
renders even more complexity of S-LCA (Wu et al. 2014).

S-LCA is defined as “a social impact (and potential im-
pacts) assessment method that aims to assess the social and
socio-economic aspects of products and their potential posi-
tive and negative impacts along their life cycle encompassing
extraction and processing of raw materials; manufacturing;
distribution; use; re-use; maintenance; recycling; and final

disposal” (UNEP/SETAC 2009). In S-LCA, impacts regard-
ing social and socioeconomic aspects that may affect
stakeholders positively or negatively during the life cycle of
a product are assessed. Jorgensen et al. (2008) proposed four
impact categories of S-LCA, i.e., human rights, labor practice
and decent work conditions, society, and product responsibil-
ity. UNEP/SETAC (2009) defines five stakeholder categories
(namely workers/employees, local community, society, con-
sumers, and value chain actors) with six impact categories
(namely human rights, working conditions, health and safety,
cultural heritage, governance, and socioeconomic repercus-
sions) related to social issues of interest to stakeholders and
decision makers. Social impacts are consequences of positive
or negative pressures on social endpoints (Arcese et al. 2013;
Macombe et al. 2011). In order to support further impact as-
sessment and interpretation, the impact subcategories are clas-
sified within a stakeholder category and assessed using inven-
tory indicators. UNEP/SETAC (2009) proposed a list of sub-
categories for conducting S-LCA, such as working hours, fair
salary, child labor, health and safety, technology development,
contribution to economic development, public commitment to
sustainability issues, etc. (see Table 1). Several research stud-
ies have been conducted to describe various sets of S-LCA
inventory indicators (Nazarkina and Le Bocq 2006;
Labuschagne and Brent 2006). The inventory indicators as
proposed in these studies provide measurable assessment on
a specific impact of the corresponding subcategories. For in-
stance, the creation of permanent positions is an indicator of
subcategory of local employment, while working hours per
week is an indicator of subcategory of working hours.

1.2 Past S-LCA studies

As a promising tool, S-LCA has undergone rapid develop-
ment in terms of methodology improvement with case studies.
However, several issues, such as selection of social indicators,
system boundaries, functional units, data collection and avail-
abilities, impact assessment, and results interpretations, are the
main challenges for developing and conducting S-LCA
(Finkbeiner et al. 2010).

In S-LCA, social impacts can be quantified using indicators
across the entire life cycle of products. However, different
from environmental LCA, quantification of impacts in S-
LCA is currently a thorny issue. Some of the impacts (e.g.,
working hours) can be quantified directly, but others (e.g.,
culture heritage) are difficult to be assessed; consequently,
meaningful conclusions are hard to be drawn (Hauschild
etal. 2008; Clift 2014). This is also reflected by the difficulties
in selecting indicators and converting collected data according
to function units (Jergensen et al. 2008; Kloepffer 2008). In
addition, the scientific approach regarding the compilation of
social cause-effect chain is still lacking in S-LCA study
(Ciroth and Franze 2011). Recently, Feschet et al. (2013)
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attempted to establish a cause-effect chain in S-LCA by con-
sidering the economic activity of a product chain and the
health status of the population in the country. Bocoum et al.
(2015) developed impact assessment relationship in S-LCA
by allowing a comparison of socioeconomic impacts linked
to various important changes in the production stage of life
cycles. In terms of methodology development, characteriza-
tion and weighting for qualitative indicators are challenging
topics (Hosseinijou et al. 2014; do Carmo et al. 2017b).
Furthermore, a methodological framework of S-LCA is still
at an early stage of development (Haaster et al. 2017).
Therefore, more fundamental scientific effort is needed.

In the past, several review studies were published. A re-
view of S-LCA application on wood-based production system
was conducted in Germany by Siebert et al. (2016). Macombe
etal. (2013) reviewed the possibilities and development needs
of S-LCA in biodiesel production at the three different levels
(e.g., company, regional, and state level). Chhipi-Shrestha
etal. (2015) critically reviewed the methodologies for impacts
assessment applied in S-LCA and established the current de-
velopment by highlighting areas for improvement. Petti et al.
(2016) systematically reviewed the applications of S-LCA
method in different case studies by highlighting the hot spots
and weaknesses of the application of the S-LCA. In addition,
several systematic reviews were conducted on the application
of the S-LCA theory and implications (e.g., Petti et al. 2014,
Di Cesare et al. 2014, 2016; Grubert 2016). From the broad
topics of S-LCA theory and applications, some of the past
representative S-LCA studies are listed in Table 1. The studies
were selected based on the multiplicity of studied cases (e.g.,
energy, fisheries, agriculture, construction, tourism and elec-
tronics sectors, and various products), methodologies (e.g.,
top-down approach, mid-point based, scaling approach,
multicriteria decision-making approach, life cycle sustainabil-
ity, etc. for impact assessment), and evaluated stakeholder
categories and subcategories (e.g., UNEP/SEATC guidelines,
Global Reporting Initiatives, etc.). Some of the studies
adopted the method given in the UNEP/SETAC guidelines
(UNEP/SETAC 2009). For instance, Arcese et al. (2013)
developed a management tool for the tourism sector based
on the UNEP/SETAC guidelines and evaluated the
negative and positive social impacts. Valdivia et al.
(2013) concluded that the guidelines provided by
UNEP/SETAC (2009) could help in easing the overall de-
velopment efforts in performing S-LCA, and it revealed
that data acquisition was a key issue of a S-LCA study.
Manik et al. (2013) investigated the social implications of
biodiesel production from palm oil by adopting the
UNEP/SETAC S-LCA methodological guidelines.
However, the study mainly focused on the upstream pro-
cesses, while further study was recommended to cover the
downstream level (e.g., consumers and value chain actors).
Martinez-Blanco et al. (2014) conducted a case study on

two mineral fertilizers and an industrial compost in line
with the UNEP/SETAC S-LCA guidelines, whereas the
social hotspots database (SHDB) was adopted for the sec-
ondary processes. Ramirez et al. (2014) proposed a S-LCA
method based on UNEP/SETAC guidelines and developed
a set of methodological sheets for calculating the impacts
at the subcategory level. Reveret et al. (2015) assessed the
socioeconomic impacts of milk production in Canada
using the UNEP/SETAC guidelines. Sousa-Zomer and
Miguel (2015) evaluated the applicability of S-LCA meth-
od to assess the social impacts of product-service systems
using the UNEP/SETAC guidelines, and found that only a
few indicators can be applied for comparative analysis of
the systems.

Other studies were intended to develop new methods for S-
LCA. Traverso et al. (2013) proposed a dashboard containing
graphical representation of the life cycle sustainability results.
Hosseinijou et al. (2014) used project data for conducting S-
LCA for cement and steel. Dong and Ng (2015) conducted S-
LCA on building construction processes using both national
level and project specific data and developed a set of function-
al work sheets to calculate a single score. A few past studies
also revealed the existing challenges in S-LCA. For example,
Ekener-Petersen and Moberg (2013) found some major chal-
lenging issues, including result representations, identification
of relevant indicators, data availabilities, impact subcate-
gories, and functional variables. In summary, S-LCA is a
continuous developing method and the available studies
have covered a wide spectrum of products (Di Cesare
et al. 2016), and more scientific rigor in some areas such
as data collection, impact assessment, allocation methods,
incorporation of values and cultural context, etc. is needed
as methodological development with case studies con-
tinues in S-LCA studies (Grubert 2016). However, a stan-
dardized methodology of S-LCA is lacking and further
research is required to facilitate the implementation of S-
LCA in decision-making.

Based on the above literature review, the application of
S-LCA of recycled construction materials cannot be found.
While the importance of assessing social impacts was
highlighted in the context of life cycle sustainability as-
sessment of recycled construction materials in some past
studies (Bozhilova-Kisheva and Olsen 2011), the details of
methodology development (and impact assessment) and
case study have not been conducted. The lack of agreement
in several critical steps, such as the selection of different
stakeholder categories, impact subcategories, indicators,
and weighting methods, has limited the implementation
of S-LCA for the assessment of sustainability of recycled
construction materials. This is mainly due to the complex-
ity of S-LCA, in particular the necessities to involve vari-
ous stakeholders during the life cycle of recycled construc-
tion materials.
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1.3 Study aim and objectives

To overcome the aforementioned shortcomings, this study
aimed to propose a comprehensive S-LCA methodological
framework and provide guidelines for assessing sustainability
performance for recycled construction materials. Therefore,
the goal of this study is to assess the social implications and
sustainability of construction materials, more specifically
recycled materials by developing a comparative rating model,
namely the “social sustainability grading model (SSG mod-
el).” In the SSG model, the following tasks are carried out: (i)
to integrate a set of new impact subcategories, (ii) to introduce
systematic data collection procedures and prioritization, (iii)
to develop scoring scale of indicators and calculation
methods/equations of impacts, (iv) to propose social sustain-
able index for product sociolabeling, and (v) to conduct com-
parative analysis and decision-making for increasing the reli-
ability and transparency of the assessment. In this research, a
case study is conducted to adopt the proposed SSG model for
the assessment of specific recycled materials in Hong Kong.
This work can contribute to the detection of the hot spots in
social sustainability aspects associated with recycled mate-
rials, which is very useful for strategic design for waste
recycling, especially for the improvements of social sustain-
ability performance of recycled materials.

2 Research design

This study is mainly consisted of two stages: model develop-
ment and case study. In the first stage, a S-LCA model, SSG
model, is developed for quantitative evaluation of recycled
materials, following the four-phase structure of S-LCA. The
first phase is goal and scope definition of the relevant stake-
holder categories and subcategories and the selection of indi-
cators. The second phase is inventory analysis that mainly
focuses on data collection. Social life cycle impact assessment
and comparative sustainability interpretation are the third and
fourth phases, respectively. The overall research design of this
study is shown in Fig. 1, which is developed based on the
established guidelines for S-LCA (UNEP/SETAC 2009,
2011, 2013) and LCA for ISO standards (ISO 2006a, b).
The detailed procedures for identifying stakeholder categories
and impact subcategories, selecting indicators, collecting data,
and benchmarking the indicator values are provided in
Section 3.

The second stage of the study is to conduct a S-LCA case
study of recycled construction materials in Hong Kong. The
performance of recycled construction materials is compared
with the conventional natural materials. This comparative case
study has been conducted by using real data from the respec-
tive manufacturers (details will be provided in Section 4).

@ Springer

Definition of Goal and Scope

Define Specify system Identify the relevant
objectives boundary stakeholders
Identify inventory
indicators

Life cycle Inventory Analysis

subcategory

Identify impact }

N
Prioritize sub-category based on the (Develop inventory
experts and stakeholders interview L indicators for sub-

L for each material categories

[ Collect data from the relevant stakeholders and manufacturers ]

Life cycle Impact Assessment

Sorting, benchmarking and characterization of inventory
indicators

Calculate the total point for each sub-category

Normalization of the end-point Indicators

[ Implement the proposed calculation procedures ]
[ Calculate the total point for each end-point Indicator ]

Calculate the single score for social sustainability

Impact Interpretation

Implement sustainability index for result analysis,
comparison, discussion and limitations

Fig. 1 Schematic illustration of the proposed S-LCA design

3 Development of the SSG model

The SSG model was proposed based on the UNEP/SETAC
guidelines published in 2009 (UNEP/SETAC 2009) and the
methodological sheets published in 2013 (UNEP/SETAC
2013), the indicators and sustainability reporting guidelines
provided by the Global Reporting Initiatives (GRI), and the
indicators provided by Hong Kong Business Environment
Council Limited (BECL) for construction sustainability
(BECL 2013). A two-step research approach was used in this
study; the first step is a qualitative research based on the expert
interviews to identify, select, and prioritize the relevant stake-
holder categories and impact subcategories, and the second
step is an operational research based on a case-specific survey
to collect the required data. The choice of stakeholder
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Table 2 List of stakeholder

References

categories proposed for Category
conducting S-LCA
Consumer
Workers
Local community
Society

Value chain actors

Producer

Relevant stakeholders (socioenvironmental

performance)

UNEP/SETAC (2009)
UNEP/SETAC (2009)
UNEP/SETAC (2009)
UNEP/SETAC (2009)
UNEP/SETAC (2009)
ISO (2010), GRI (2013), this study

Henke and Theuvsen (2014), De Luca et al. (2015), this
study

categories is based on the recommendations of various stan-
dards and literatures (Table 2). The main features of the model
include:

(i) Methodology based on ISO standards series (ISO 14040/
14044) for LCA and ISO 26000 for social responsibility
(ISO 2010; GRI 2013).

(i) Stakeholder categories and impact subcategories com-
plying with UNEP/SETAC (2009) for S-LCA guide-
lines, GRI guidelines for sustainability reporting of prod-
ucts, and BECL guidelines.

(iii) The model contains predefined inventory indicators
(compiled from UNEP/SETAC methodological sheets
and GRI guidelines) and variables toward social sus-
tainability assessment of a product.

(iv) All types of data (e.g. qualitative, quantitative, and semi-
quantitative) are applicable in this model, and the model
provides guidelines for systemic data collection
procedures.

(v) Indicator benchmarking based on national or internation-

al guidelines.

(vi) Simple calculation and grading systems for result
interpretations.

3.1 Goal and scope definition

The goal and scope definition phase defines the overall objec-
tives, system boundaries, and the functional unit of the study
(Blengini 2009). The goal of this study is to develop an effec-
tive and easy-to-handle S-LCA method that can be used to
assess and compare the social sustainability of construction
materials. Although selection of construction materials is the
primary application of the SSG model, the proposed method-
ology can be potentially applied for comparative assessment
of other products.

System boundary specifies the criteria of including unit
processes as part of product system (ISO 2006a). In environ-
mental LCA, the product system embraces the processes in
different life cycle stages within the system boundary and

defines the inputs and outputs of energy and materials for each
unit process. In a S-LCA study, the product system should
include those processes that are directly related to the
manufacturing activities, as well as the social impacts derived
from the use phase (Hosseinijou et al. 2014). While system
boundary determines the scope of a S-LCA study, the level of
details may vary across different studies. Accordingly, the
selection of system boundary should be object-oriented.
Therefore, the product system of a S-LCA study should in-
clude the relevant social components, i.c., the stakeholders
who are involved in or affected by the manufacturing,
transporting, using, and disposing stages of a product, and
these stakeholders normally refer to the manufacturers, em-
ployees, workers, suppliers, distributors, the local community,
recyclers, waste managers, etc. In order to encompass the
relevant stakeholders of construction materials, this study
covers the “cradle-to-grave” life cycle stages (Fig. 2), includ-
ing raw materials extraction, manufacturing process, transpor-
tation, usage and end-of-life treatments (disposal or
recycling), and their associated stakeholders, such as pro-
ducers, suppliers, recyclers, managers, planners, the local
community, etc.

In S-LCA, many of the data used are qualitative and semi-
quantitative. But the qualitative data is quite hard to be
expressed by functional unit (FU) (Benoit et al. 2010;
Benoit-Norris et al. 2011). According to Kruse et al. (2009),
biophysical flows (e.g., raw materials, energy, waste and emis-
sions) are more easily quantifiable and are directly linked to
the FU in environmental LCA. Hence, the S-LCA indicators
are categorized into two types: (i) additive indicators which
are quantifiable and directly linked to FU, and (ii) descriptive
indicators which cannot be related to the FU but can still
capture the important points. To resolve the complexity in
linking the social indicators to FU, a scoring approach has
been used to express the social impacts, since the scoring
system is very important for capturing both the quantifiable
and unquantifiable data (Hosseinijou et al. 2014). The adequa-
cy of a S-LCA methodology heavily depends on how the
unquantifiable data are coped with. Hence, the scoring system
developed in the SSG model will be used to translate all in-
ventory data (both additive and descriptive) to impacts in a
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Fig. 2 The system boundary for
the SSG model

* Manufacturer

* Employee/labor
* Supplier

* Local community

Landfill

Incinerator

comprehensive way. In addition, the benchmarking approach
has been adopted for all data to capture the real impacts before
applying in the scoring system (Section 3.3.1). Finally, three
equations have been proposed for aggregation of the impacts
(from indicators to subcategory level, then to endpoint cate-
gory level, and finally to single score) (described in
Section 3.3.2). Therefore, the SSG model will use an effective
scoring approach to convert the social performance to social
sustainability, given by a newly proposed sustainability index.

3.2 Life cycle inventory analysis
3.2.1 General approach

The life cycle inventory (LCI) for social indicators depends on
the studied sector and the national context (Hosseinijou et al.
2014). Dreyer et al. (2006) argued that social impacts of var-
ious categories of a product life cycle depend on the product
chain. In LCI phase, it is important to define and select the
stakeholder categories, impact subcategories, and relevant in-
dicators of the study. A combined top-down and bottom-up
approach may be useful for LCI (Kruse et al. 2009).

In addition, researchers argued that the factual implemen-
tation of the sustainability concept is one of the main chal-
lenges in the context of social dimension, and it is still under
debate on how sustainability performance can be measured for
products (Finkbeiner et al. 2010; Benoit et al. 2010; Wu et al.
2014; Kloepffer 2008). Therefore, this study proposes a SSG
model for comparative sustainability assessment by following
the established guidelines.

The stakeholder categories are adopted based on the na-
tional and international guidelines and standards (see
Tables 1 and 2). This study follows the four stakeholder
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categories proposed by UNEP/SETAC (2009), namely
workers/employees, the general public (local community),
government and society, and traders of the materials. A pro-
ducer is responsible for significant social-economic impacts of
construction materials and, therefore, is included as a separate
stakeholder category according to the guidelines provided by
GRI and ISO social responsibility (GRI 2013; ISO 2010).
Moreover, an additional category, i.e., socioenvironmental
performance of the material/product, is also included to con-
sider other relevant stakeholders, such as recyclers. Several S-
LCA studies also emphasized the importance of including the
environmental impacts of a product in social analysis
(Hosseinijou et al. 2014; Henke and Theuvsen 2014; De
Luca et al. 2015). Although environmental aspects are mainly
included in the environmental LCA, in the S-LCA of recycled
construction materials, the environmental aspects cannot be
neglected, as recycling systems also carry a significant social
impact which should be included in a sustainability assess-
ment. For example, several green building rating systems
(e.g., BEAM Plus, LEED, BREAM, etc.) reward credits to
the assessed buildings using recycled materials, with sound
waste management and appropriate emission reduction (Wu
etal. 2016). As the SSG model is constructed for assessing the
social sustainability for recycled materials, assessing the
socioenvironmental performance of the concerned materials
is particular important. Therefore, socioenvironmental perfor-
mance has been included as a separate category in the model.

Linking subcategories to an endpoint category is a chal-
lenge in S-LCA. To address this issue, Blom and Solmar
(2009) proposed to use a separate impact indicator to represent
each subcategory, whereas another method of linking subcat-
egories to most of the impact categories was adopted by
Franze and Ciroth (2011). In the SSG model, the possible
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subcategories were selected according to the guidelines of
UNEP/SETAC (2009, 2013), GRI (2013), and BECL (2013)
and further screened based on the objective of the study, target
materials, and expert’s suggestions. Subsequently, 30 relevant
subcategories were selected for constructing the SSG model.
Some of the impact subcategories were excluded from the
model. For example, the subcategory “consumer privacy” un-
der the stakeholder category of “producer of the material” was
excluded, as this is not relevant to construction materials
recycling in Hong Kong. It should also be noted that some
subcategories, such as “child labor” and “equal opportuni-
ty/discrimination,” have already been included as indica-
tors of the subcategory “fair salary and employee charac-
teristics,” while “secure living conditions” has been in-
cluded as an indicator in the subcategory of “safe and
healthy living conditions” of the SSG model (see the
Electronic Supplementary Material, S1). In addition, the
SSG model can be used in other geographical regions, giv-
en further modification of the subcategories based on spe-
cific case study design. After identification of the subcate-
gories for each stakeholder category, inventory indicators
were defined and selected based on the guidelines provided
by UNEP/SETAC (2013), GRI (2013), BECL (2013), ISO
(2010), and other studies. Finally, the subcategories and
inventory indicators were revised and then verified by the
experts in the relevant fields.

The structure of the proposed SSG model is shown in Fig.
3. The model consists of 6 stakeholder categories, 30 impact
subcategories, 6 endpoint categories, and a sustainability in-
dex (also called single score).

A mid-point category shows the impact from the cause-
effect chain (e.g., real phenomena), while an endpoint cat-
egory may facilitate more structured and informed
weighting, particularly across subcategories. In addition,
the endpoint level is more understandable and easily com-
parable as the complexity of a wide range of mid-point
categories is reduced (Dong and Ng 2014). In the SSG
model, the results can be presented in both ways (e.g.,
mid-point and endpoint categories). The results of the
mid-point and the endpoint categories for the case study
are described in Sections 4.2 and 4.3.

3.2.2 Descriptions of associated categories and subcategories

The first stakeholder category is the producer of the concerned
materials which includes five impact subcategories focusing
on the producer’s responsibility on health and safety issue to
the user, use stage responsibility, end-of-life responsibility,
labeling of the products, and user satisfaction on the con-
cerned materials/products.

The second category is the workers/employees of the com-
pany who produce the concerned materials/products. This

category includes several impact subcategories for addressing
the social-economic consequences of the workers.

The third category is the general public (local community)
who have concerns on the community advantages and disad-
vantages of the concern materials/products, such as creating
employment/local employment, community engagement
(e.g., recycling), accessibility of resources, health and safety
of the living environment, and attitude toward the concerned
materials/products.

The fourth category is the society and government which
includes several subcategories focusing on the commitment of
the society regarding sustainability issues, economic and tech-
nology development, as well as government support toward
social sustainability.

The fifth category is the traders of the materials/products,
which is associated with the social consequences (e.g., fair
competition, supplier relationships, intellectual property right,
etc.) and corporate social responsibility of the traders/
suppliers (shown in Fig. 3).

The sixth category is the socioenvironmental performance
(associated with relevant stakeholders) shown in Fig. 3, which
includes five different subcategories related to the environ-
mental management systems for producing the concern mate-
rials. Several subcategories are included in this category, such
as the use of recycled materials, percentage of renewable wa-
ter and energy consumption, reduction rate or target for non-
renewable resources and emissions, efforts paid to solid waste
and effluent management, and impacts on the surrounding
environment.

3.2.3 Hot spot identification

Prioritization of the subcategories is crucial for a S-LCA
study, as data collection is considered complex, time-consum-
ing, and sometimes irrelevant to a particular case. Hosseinijou
et al. (2014) argued that hot spot analysis may be an effective
way to identify the most significant social concern for a par-
ticular material or product. Benoit-Norris et al. (2011) re-
vealed that significant and potential social impacts as well as
opportunities for social improvement can be highlighted by
social hot spot analysis.

In S-LCA, prioritization was recommended by several
studies (e.g., Benoit-Norris et al. 2012; Garrido et al. 2016;
Zanchi et al. 2016). However, till now, only few studies (e.g.
Hosseinijou et al. 2014) have used prioritization on the sub-
categories level. In this study, the SSG model uses the prior-
itization approach to identify the most significant subcate-
gories. The indicators for each subcategory have been devel-
oped and then verified by the experts. The weighting factor for
hot spot identification is shown in Table 3, which is developed
based on the scale of importance (or relevance), e.g., very
important (or highly relevant) to not important (or irrelevant)
with the scale of 1.00 to 0.00 to the subcategories. Scaling of
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Fig. 3 The structure of the proposed SSG model

subcategories can be performed based on the proposed five
scales in order to identify the appropriate subcategories with
their magnitudes associated with the studied materials/prod-
ucts. After that, the hot spot can be identified from the
predefined subcategories through the experts’ interviews.

@ Springer

3.2.4 Data collection

For S-LCA, site-specific first-hand data is more desirable than
national level data or database (e.g., social hotspot database).
This is because the national level data may be too broad and
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Table 3  Prioritizing scale for subcategory (and indicators) based on
importance

Weighting factor Prioritize scale

1.00 Very important

0.75 Important

0.50 Neutral

0.25 Less important

0.00 Not important/irrelevant

hardly applicable to a specific product. In addition, the limi-
tations for using social database have been identified by
Hosseinijou et al. (2014). Therefore, it is preferable to use
site-specific data in the SSG model, though the data collection
is rather complex and time-consuming.

Unlike environmental LCA, S-LCA relies on different
types of data including qualitative, quantitative, and semi-
quantitative data (Benoit-Norris et al. 2011). The data collec-
tion method is mainly interviews with the human resource
department of the concerned companies, employees/workers,
industry engineers, relevant researchers, community mem-
bers, suppliers, and consumers/users of the materials.
Moreover, national and international data provided by several
organizations are also needed for referencing or benchmarking
the indicators. The data collection procedure for the proposed
SSG model is given in Fig. 4. It is important to mention that
combinations of case-specific data based on expert interviews
are necessary to the model implementation.

3.3 Life cycle impact assessment (LCIA)
3.3.1 Indicators benchmarking

After collecting the case-specific data, it is important to clas-
sify different types of data. Benchmarking for each indicator
has to be developed based on the national reference. However,
international references can also be used when national data is
not available. As a large number and a variety of data are
needed in S-LCA study, some of those data cannot be
benchmarked with national data. This is because the best prac-
tice or reference may not well set for those data nationally. To
overcome this situation, internationally set thresholds, for in-
stance, World Bank data, International Labour Organization

Data collection process

J

1% step: Expert interview
Identify the relevant subcategories
based on the designed subcategories
(by hotspot analysis)

l

2" step: Expert interview
Identify the relevant indicators
based on the 1* step

I
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Collect  data  from  relevant
stakeholders based on the 2" step;
Indicators benchmarking

[

Data analysis and interpretation
Using analysis procedure in the S-
LCA based on the step 1-3.

I

4" step: Impact assessment and
comparison
Life cycle impacts assessment,
interpretation and comparison based
on the developed SSG-Model.

0o

Fig. 4 Data collection procedure for the proposed SSG-model

standards, ISO 26000, etc., can be used as reference points
(Ciroth and Franze 2011). After benchmarking all data, the
corresponding score needs to be given. A Likert scaling ap-
proach is proposed for scoring indicators (shown in Table 4).
It is noted that the possible score range is “0.00” to “1.00”
which indicates strongly negative (or highly unsustainable) to
strongly positive (or highly sustainable).

The qualitative (range data) and quantitative data can be
used directly for scoring based on the benchmarking.
However, the indirect scoring system is needed for the semi-
quantitative data (which need to indirect weighing based on
respondents’ opinion as rating). In this case, the model allows
the incorporation of the open-ended opinions of the respon-
dents. For example, if the answer is “Yes” or “No” for any
question, then the model would ask the respondents to specify
the level or extent or briefly describe the reasons. After that,
based on the opinions or reasons given, the answer of the
specific question can be further classified according to
Table 4.

Table 4 Indicator scoring scale

of responses Points

Category (question and answer response)

1.00 Strongly positive/fully agreed/very highly related/highly compatible with national or international law

0.75 Mostly positive/moderately agreed/highly related/moderately compatible

0.50 Neutrally affected/agreed/neutrally related/compatible

0.25 Mostly negative/partially disagreed/moderately negative/negatively compatible

0.00 Strongly negative/fully disagreed/highly unrelated/incompatible with national or international law
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3.3.2 Impact calculation

All the indicators will have specific points based on
benchmarking for each subcategory. Benchmark can also be
used as indicators’ characterization based on the best practice
or national and international references, ranging from 0.00 to
1.00, indicating the worst practice or highly unsustainable prac-
tice to the best practice or highly sustainable practice based on
the national and international standards (using the same scoring
system mentioned in Table 4, and an example is provided in the
Electronic Supplementary Material, S2). The SSG model used
endpoint indicators which can be helpful for identifying the
impact pathway and also achieving the final goal of the study.
It can be seen from Fig. 3 that the SSG model uses six endpoint
categories, namely (i) producer responsibility, (ii) human re-
source management, (iii) communal development, (iv) societal
development, (v) corporate social responsibility, and (vi) envi-
ronmental responsibility. The single score, namely “social sus-
tainability of product” can be an effective way to compare
social sustainability of different materials/products.

To achieve the objectives, the developed model includes
inventory indicators for specific subcategories. The number of
inventory indicators is flexible. It is possible to modify or
change the number based on specific case study design.
However, it is noted that the number of indicators for each
subcategory should be sufficiently large to achieve the objec-
tive of that subcategory. In this model, characterization is
needed to define the indicator score based on the respondents’
response and benchmarking. The normalized score of a sub-
category can be calculated by using Eq. (1). The weighting
factor (coefficient of indicator based on Table 3) will be de-
termined based on the expert interviews for hot spot identifi-
cation (based on the importance of each subcategory).

[Yr_1; x COIJ
88, = == ——

(1)
where,

SS, = net score of subcategory “a” (score should be within
0.00 to 1.00).

I; = indicators “i” (benchmarked score based on Table 4).

1,, = number of indicators of subcategory “a.”

COI = coefficient of indicator “i” (i = 0.00 to 1.00 based on
Table 3).

The normalized net score for each endpoint indicator can
be calculated by using Eq. (2).

Y sS,

SE, = =
ZnLICOI

(2)

where,
SE, = net score of endpoint category “a” (score should be
within 0.00 to 1.00).

@ Springer

S. = subcategory.

SS, = sum of the total score of all subcategories “a.”

COI = sum of the total coefficient of endpoint indicator “a.”

The net score of the social sustainability (SSS) index for a
product can be calculated by using Eq. (3) (the range of SSS is
0.00 to 1.00).

2,5SEs

S8S = =———
Yoti(la x W)

(3)

where,

SE, = Sum of the total normalized score of all endpoint
indicators (n = a, b, c, ....10).

I, = endpoint indicators “a.”

Sg = endpoint category.

W = weighting factor of endpoint indicator “a” (Wg is
assumed to be 1 for all endpoint indicators).

The impact calculation hierarchy is shown in Fig. 5.

3.4 Impact interpretation

According to ISO 14040 (2006a), the results of LCIA are
summarized for decision-making in accordance with the study
aim as defined in the first phase. The weighted score achieved
by the inventory indicators will then be normalized to get the
subcategory and endpoint scores by using Egs. (1) and (2).

Similarly, the six endpoint indicators will then be weighted
(an equal weighting factor for all endpoint indicators is as-
sumed) toward the final SSS. The SSS will be between 0.00
and 1.00, indicating the range of sustainability from “highly
unsustainable” to “highly sustainable” based on the product’s
performance (meaning strongly negative/highly unsatisfied to
strongly positive/satisfied) (Table 5). Table 5 indicates the
SSS based on the net scores achieved from the endpoint indi-
cators, which will be then used to assess the level of sustain-
ability based on the five grading scale (A to E). The endpoint
indicators can be used to compare different materials/products
based on their social sustainability performance.

4 Case study: comparative social sustainability
performance assessment of construction materials

The aim of this case study is to assess the social sustainability
of commonly used construction materials (such as aggre-
gates). In Hong Kong, more than 90% of the natural aggre-
gates are imported from mainland China. In addition, recycled
aggregates are produced locally from the recycling of con-
struction and demolition (C&D) waste and also from locally
generated waste glass (postconsumer glass bottles) for lower
grade concrete applications (e.g., paving blocks) (Hossain
et al. 2016a, b). Recycled aggregates from C&D waste can
also be used as engineering filling materials (Poon and Chan
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2006; Ebrahim and Behiry 2013). However, the recycling
rates of using the recycled aggregates derived from the above
waste materials are generally low (Hossain et al. 2016a).

This case study assessed the sustainability based on social
performance using the SSG model of natural and recycled
aggregates. It is believed that the study will help to improve
the understanding of social sustainability performance of the
construction industry and ultimately contribute to adoption of
more sustainable construction materials. In addition, the de-
veloped SSG model can be applied as a complementary model
to environmental LCA in the construction industry for pro-
moting sustainable construction.

4.1 Inventory analysis

The necessary information for this case was collected from the
respective manufacturers, suppliers, and associated stake-
holders. As mentioned above, a twofold research approach is
used in this study: (i) the qualitative research based on the
expert interviews to prioritize the subcategories and inventory
indicators, and (ii) the operational research based on the field
survey to collect the required case specific data. The research
design for this case study followed the method outlined in Fig.
1, and the data collection procedure followed those in Fig. 4.
The inventory analysis followed the SSG model described in
Section 3.2. To implement the SSG model for construction
materials, an expert and stakeholders survey was conducted
to identify the “hot spot” by selecting subcategories based on
the relevance and importance designed in Fig. 3. More than
100 stakeholders were invited to participate in this online sur-
vey through Google forms (see Electronic Supplementary
Material, S4). Stakeholders were asked to identify and select

the relevant subcategories based on the prioritization scale
mentioned in Table 3. Diverse groups of stakeholders partic-
ipated in this evaluation, viz. academics, producers, recyclers,
users and traders of the materials, the general public, and
government officials. About 40 full responses were received
with the response rate of about 38%. The background of the
participants for the hot spot identification is given in Fig. 6.
In the third stage of data collection (Fig. 4), the case-
specific core data are obtained. The inventory data for produc-
ing recycled aggregates (for both waste glass and C&D waste)
were collected from the suppliers, managers, and workers
(recycled material processing) from the leading recycled ag-
gregate producers in Hong Kong as the first-hand data through
on-site structured questionnaire survey. In addition, the re-
quired data for natural aggregates (for both crushed stone
and river sand) production and transportation were collected
from the importers, suppliers, and producers using the same
questionnaire. The information regarding the aggregate man-
ufacturers is hidden due to the confidentiality concern.

4.2 Impact assessment

All the questionnaires for hot spot identification were ana-
lyzed, and scores were given based on the responses from
the experts and stakeholders. An interval scaling approach
was applied in the average score for each subcategory where
the highest value was 0.905 and the lowest value was 0.474.
Based on the approach, the mid-point results were calculated
and then ranked according to the average score of each sub-
category (Table 06).

The results for prioritization of the subcategories are given
in Fig. 7, where the hot spots are marked as dark color

Table 5 Social sustainability

index based on five grading scale Sustainability index Grade Level of sustainability Significance
0.81-1.00 A Highly sustainable Strongly positive/strongly satisfied
0.61-0.80 B Sustainable Highly positive/highly satisfied
0.41-0.60 C Neutral Moderately positive/satisfied
0.21-0.40 D Unsustainable Negative/unsatistied
0.00-0.20 E Highly unsustainable Strongly negative/highly unsatisfied
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Fig. 6 Experts and stakeholders
questionnaire survey for hot spot
identification

implying that the subcategory is “very important.” The survey
results indicated that four subcategories were identified as the
“very important” subcategories for the construction materials
among the subcategories mentioned in the SSG model struc-
ture (Fig. 3). They are ensuring the health and safety of the
products by the producers, the health and safety of the workers
of the relevant industries, the company’s commitment to sus-
tainability, and the energy and water consumption in the cat-
egory of socioenvironmental performance. In addition, nine
indicators were identified as the “important” subcategories,
ten indicators were identified as neutrally important, five in-
dicators were identified as “less important,” and two were
identified as “not important.” The subcategories that were
rated as not important were excluded in further analysis.
Detailed inventory data were collected from the respective
stakeholders based on the data collection procedures given in
Fig. 4. Some indicators were additive and can be quantified as
per FU, but most of them were descriptive. Therefore, to re-
duce the complexity of quantification in S-LCA, the rating
approach was applied (described in Section 3—SSG model
development). In this case study, national level average data
were used when the case-specific data were not available. The
collected data were then screened, benchmarked, and ana-
lyzed for interpretation. After that, the data were fitted in the
benchmarking work sheets to assess the relative magnitudes
for each indicator using the predefined scale (Table 4). For this
case study, a total of 109 indicators were used within the 28
impact subcategories under the six stakeholder categories
(further details can be found in the Electronic
Supplementary Material, S1). An Excel work sheet was de-
veloped by incorporating all the stakeholder categories, im-
pact subcategories, and indicators. The calculation equations

Table 6 Interval scaling

approach for prioritizing Rank Scale Mid-point
subcategories

Ist 0.905

2nd 0.797 0.851

3rd 0.689 0.743

4th 0.581 0.635

5th 0.474 0.528
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O Academics/Researcher
B General public

A Trader of materials/products

O User of the concerned materials
OProducer of the concerned materials

B Government

(described in Section 3.3.2) were integrated in the work sheet
to calculate the impacts based on the SSG model. Finally, the
score of each indicator after benchmarking was input into the
work sheet. The snapshot of the calculation work sheet is
given in Fig. 8. In the calculation work sheet, the score of each
indicator is entered in the first column (named indicators’
score), and the weighting factor is given in the next column.
The weighted score for each indicator is found at the third
column, and the normalized score for each subcategory is
given in the fourth column. The normalized score for each
endpoint category is provided in the last column. Finally, the
SSS is obtained from the weighting of the normalized scores
of all endpoint indicators (using Eq. (3)). In the case that the
indicators were not provided by the respondents, the corre-
sponding cells are left blank and not included in the calcula-
tion. For example, in Fig. 8, the producer of recycled aggre-
gate did not receive any noticeable complain from the users
related to its safety issues (Fig. 8). An example of indicator
benchmarking and calculation is given in the Electronic
Supplementary Material (S2 and S3).

The aggregated results from the different life cycle stages
can be presented by different ways. For example, the result
can be divided according to the subcategories in order to dis-
play how the products affect the different subcategories in
their life cycle associated with different processes
(Hosseinijou et al. 2014). In addition, the impacts can be ag-
gregated and displayed according to the different operational
stages in order to show the magnitude of the impacts in dif-
ferent life cycle stages (Figs. 9 and 10).

Using the developed calculation work sheets (Fig. 8), the
weighted score of all indicators and the normalized score of all
subcategories and endpoint categories were calculated. The nor-
malized scores of the subcategories for the natural and recycled
aggregates are presented in Fig. 9. The normalized score of the
subcategory “health and safety” for recycled aggregates from
C&D waste under the stakeholder category of “producer of the
concerned materials” is 0.56, which is lower than that of the
natural aggregates (0.63) derived from crushed stone, river sand
(0.69), and recycled aggregates from waste glass (0.63).
According to the sustainability scale used in the SSG model,
recycled aggregates from C&D waste has higher potential health
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impacts and safety issues during demolition, sorting, transport,
and processing, as compared to other materials. In addition,
some potential health issues are associated with the use of
C&D waste due to the potential leaching of contaminants.
However, the score of “materials” under the category of
“socioenvironmental performance” for recycled aggregates de-
rived from C&D waste and waste glass is 0.75. This is because

| Less important | Not important \

the materials are entirely produced from waste materials, which
help to reduce the associated environmental and social impacts
due to landfill disposal. In contrast, natural aggregates are pro-
duced from virgin natural materials, leading to resource deple-
tion and thus have negative social impacts. As a result, the score
of natural aggregates is zero, indicating that the adoption of
natural aggregates can cause negative social impacts.

A B e D E F G H I J K L L N
1 Social inabili a case study on construction materials (recycled aggregates,C&DW)
2
3 Indicators’ score Weighting factor Weighted score of indicator Sub-category score (normalized) End-point score (normalized)
4 | Category 1: Producer of the concerned materials/products
5 1.1. Sub-categories: Health and safety
6 1. Level of potential safety with the product for transport and handling? 0.5 1 0.5
7 2. Is the product harmful from a health perspective through its lifecycle? 1 1 1
8 3. Is there any safety information or sign of the products? 0 1 0
9 4. Is there any consumer complaint about health and safety issues? 1 0 0.5625
10 5. Total number of user complaints per year about health and safety issues. 1 0
11 6. Is there any quality of labels of health and safety requirements? 1 0
12 7. Is there any a potential emission or leakage or discharge during utilization of the pro¢ 0.75 1 0.75
13 8. Is there any potential measure to prevent it? 1 0
14 1.2. Sub. g Use stage responsibility
15 1. Is there any policy available for use stage responsibility by the relevant materials proc 0.5 0.5 0.25 0.3125
16 2. Any future risk of accident'health damage for the final user imposed by the materials” 0.75 0.5 0.375
17 1.3. Sub-categories: Product and service labeling o6s3a4615a
18 1. Is the product suitably labeled with regards to it component parts or ingredients? 0.5 0
19 2. Compli with i i practices and regulatory requirements (tran 1 0.5 0.5 0.458333333
20 3. Certification standards, labels, and special indices that may be used to provide infom 0.75 0.5 0.375
21 4. Is there any publication of a sustainability report about social and environmental life ¢ 1 0.5 0.5
22 5. Certificationlabel the organization obtained for the product, or company sustainability rating (e.g. Dow Jc 0.5 0
23 1.4. Sub. gories: End-of-life Responsibility
24 1. Are there any management efforts to address end-of-life service of the products such i 0.5 0.5 0.416666667
25 2. Level of management attention to end-of-life impacts of the products. 0.5 0.5 0.25
26 3. Do producers have any buy back and recycle or safely dispose of wastes scheme? 1 0.5 0.5
27 1.5. Sub- gories: User satisfaction (based on quality)
28 1. Do the fals/products maintain i i i dards on the quality? 1 0.75 0.75
29 2. What is the level of dards of the d duct? 0.5 0.75 0.375 0.375
30 3. Is there any practice related to user satisfaction (surveys measuring customer satisfact 0 0.75 0
3L 4. Level of user satisfaction on the materials/products 0.5 0.75 0.375
32
33 |Category 2: Worker/employee

34

2.1, Sub-categories: Fair salary and employee characteristics

Fig. 8 Screenshot of the calculation work sheet

@ Springer



1670

Int J Life Cycle Assess (2018) 23:1654-1674

Fig. 9 Normalized score of
subcategories for different

aggregates

4.3 Results interpretation

Category Subcategories Normalized score
Cs RS C&DW WG
Producer of the Health and safety 0.63 0.69 0.56 0.63
concerned Use stage responsibility 0.25 0.25 0.31 0.38
materials/products Product and service labeling 0.33 0.33 0.46 0.46
End of life responsibility 0.00 0.00 0.42 0.38
User satisfaction (based on quality) 0.70 0.70 0.38 0.38
Fair salary 0.66 0.66 0.75 0.75
Worker/Employee of Working hours 0.38 0.38 0.56 0.56
the relevant industry Health and safety 0.45 0.50 0.58 0.58
Social security 0.04 0.04 0.08 0.08
Forced labor 0.44 0.44 0.38 0.38
Training and education 0.08 0.13 0.13 0.13
General public (e.g. Local employment 0.09 0.09 0.16 0.16
local community) Community engagement 0.03 0.03 0.14 0.16
Safe & healthy living conditions 0.35 0.40 0.61 0.67
Public opinion on the concerned materials 0.50 0.50 0.34 0.34
Government (e.g. Commitment to sustainability 0.17 0.17 0.67 0.67
contribution to Hong Contribution to economic development 0.13 0.09 0.54 0.52
Kong and support Technology development 0.00 0.00 0.31 0.31
from the Government) Support from the Government - - 0.38 0.38
Traders of the Fair competition 0.50 0.50 0.38 0.38
materials/products Social responsibility 0.06 0.06 0.17 0.15
Supplier relationships 0.22 0.22 0.16 0.16
Intellectual property right 0.00 0.00 0.00 0.00
Relevant stakeholders = Materials 0.00 0.00 0.75 0.75
(Socio-environmental = Energy & water consumption 0.00 0.00 0.00 0.08
performance of the Emissions to air, water and soil 0.00 0.00 0.00 0.06
concerned Solid wastes and effluent treatment 0.47 0.47 0.56 0.56
5 Biodiversity (effects on local biodiversity) 0.08 0.11 0.66 0.66

materials/products)

[CS, crushed stone; RS, river sand; C&DW, Construction and demolition waste; WG, waste glass]

of-life responsibility) than that of the natural aggregates.
Recycled aggregates have higher end-of-life responsibilities,

The normalized results of endpoint categories for the studied  as they are entirely produced from waste materials. However,
case are given in Fig. 10. It can be seen that natural aggregates  natural aggregates have higher score for health and safety
have about 11-13% lower social sustainability score than  issue and user satisfaction (based on the quality of the mate-
recycled aggregates in Hong Kong at the endpoint category  rials). Similar results were also found for the endpoint catego-

of producer responsibility. This is because the recycled aggre-  ry of human resource management. This is because the score
gates have relatively higher score for some of the subcate-  for most of the subcategories (e.g., fair salary, working hour,
gories (e.g., product and service labeling, use stage, and end-  health and safety workplace for labor, social security, and

Fig. 10 Comparative endpoint
sustainability of different

aggregates
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training) is relatively higher for recycled aggregates than the
natural one. However, slightly higher score was observed for
natural aggregates in the subcategory of force labor than the
recycled one. The results are also consistent with previous
studies in terms of the employment of construction labor in
Hong Kong according to Dong and Ng (2015).

In addition, about 11-13% higher score was observed for
the endpoint category of corporate social responsibility for
natural aggregates. This is because the demands of aggregates
are met by importing in Hong Kong, and there is a large social
network involved. Therefore, a stronger business environment
and supplier relationship is already in place for natural aggre-
gates, as compared to the recycled one. At the endpoint cate-
gory of community development, a higher score was observed
for recycled aggregates (about 23-27%) than the natural ag-
gregates. This is because recycled aggregates can provide
more local employment opportunities for the supply chain
and workers/employees in the local recycling factory. In addi-
tion, the whole processes involve the local community in the
recycling activities and also promote healthy and safe living
environment through transforming waste into a value-added
resource for the local community. Recycled aggregate manu-
facturers collaborate with different governmental and nongov-
ermmental organizations in the aspects of material recycling,
public awareness promotion, and environmental protection
activities.

In the category of societal development (e.g., contribution
to Hong Kong), recycled aggregates attained higher social
sustainability score than the natural aggregates. This is be-
cause firms may earn revenue through exporting the recycled
products, and save money by avoiding importing materials, as
well as the expenses associated with the disposal of waste
materials to landfills. In addition, recycled aggregate manu-
facturers are contributing to the society and research studies to
develop environmental technology. Unfortunately, support
from the government to the manufacturers is not sufficient.
Hence, the government should provide financial support, such
as incentives and loans, as well as regulative support to devel-
op specifications of recycled products, and other policies in
Hong Kong.

Lastly, the major benefits (higher sustainability) are ob-
served in the category of environmental responsibility of the
studied materials. Compared with natural aggregates, recycled
aggregates have about 75% higher social sustainability in this
category, as recycled aggregates reduces the need of landfill
disposal and the associated environmental impacts. Figure 9
shows that recycled aggregates have higher scores for the
subcategory of materials, mainly attributed to the adoption
of waste materials. In addition, biodiversity also has a higher
score, indicating that the effects of recycled aggregates on the
local biodiversity are positive. However, there is no significant
difference between the subcategories of energy and water con-
sumption, solid wastes and effluent treatment (during

production), and emissions (e.g., reporting, reduction target,
or necessary steps for reduction by the respective manufac-
turers) in terms of environmental responsibility.

The normalized SSS score obtained from the SSG model is
given in Fig. 11. Based on the sustainability index provided in
Table 5, recycled aggregates have scores within the range of
0.61-0.80, indicating the level of sustainability is sustainable
with grade B. This sustainable index indicates that the social
performance of the products is highly positive from the per-
spectives of recyclers, producers, users, and the general pub-
lic. The corresponding scores for the natural aggregates are
within the range of 0.41-0.60, indicating that the social per-
formance of the products is moderately positive and the level
of sustainability is neutral with grade C.

4.4 Sensitivity analysis for different weighting systems

As indicated above, equal weighting was considered for end-
point categories in this case study. In order to understand the
influence by using different weighting factors, alternative
weighting factors were tested to evaluate the sensitivity of
the results. For the six endpoint categories, six alternative
weighting scenarios were assessed (shown in the Electronic
Supplementary Material, S5: Table 2). These weighting sce-
narios were selected to emphasize one endpoint category,
which was given by a weighting factor of 0.5, while the other
five categories were all weighted at 0.1. The purpose of
selecting these weighting scenarios was to determine whether
large changes in weighting of the endpoint categories can
affect the results. The sensitivity analysis results of changing
the weighting factors are given in the Electronic
Supplementary Material (S5: Table 3).

The sensitivity results showed that SSS of natural aggre-
gates is significantly affected by varying the weighting factors
of the endpoint categories, which is about 9-27% depending
on the weighting scenarios 1-6, compared to the base scenar-
i0. On the contrary, less variation is found for recycled aggre-
gates (about 0—10% compared to the base scenario). In addi-
tion, the change of SSS is about +15-18% for recycled aggre-
gates compared to the natural aggregates when all the

0.7 4

0.61 0.62
0.6 -
0.5
0.41 0.42
0.4
0.3
0.2
0.1
0

Recycle aggregates Recycle aggregates Natural aggregates Natural aggregates
(C&DW) (WG) (CS) (RS)

Social sustainability score

Fig. 11 Social sustainability of different aggregates
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scenarios are considered. According to the sensitivity analysis,
it is found that with smaller changes in the weighting factors,
the change of SSS will not be significant, and hence, the equal
weighting of the endpoint categories (e.g., base scenario in
this case study) is an appropriate method and the results are
reliable. In addition, no consensus has been achieved on dif-
ferent weighting systems in S-LCA study. Several studies
have also supported that the endpoint indicators could be
equally weighted (e.g., Ciroth and Franze 2011; Foolmaun
and Ramjeeawon 2013; Vinyes et al. 2013). However, further
experts’ survey to prioritize the endpoint categories would be
helpful to improve the accuracy of the results.

5 Conclusions

Social sustainability assessment by S-LCA is still being de-
veloped due to the complex nature of social impacts, and
many challenges exist, including quantification of the social
impacts and establishment of new social stakeholder category/
subcategories. To overcome the difficulties in S-LCA, case
studies are needed. In this study, a S-LCA model is developed
and a case study of recycled construction materials in Hong
Kong is performed. The following conclusions can be drawn:

(i) A comprehensive SSG model for social sustainability as-
sessment is developed for recycled materials with im-
provement in quantification and integration of
socioenvironmental impacts to address the challenges in
S-LCA.

(i1) A social sustainability index with a grading system is
developed for assessing the social performance of
recycled materials/products.

(iii) The model can be potentially applied to the social per-
formance of other materials and products, in particular
to assess the social sustainability and conduct compara-
tive studies.

(iv) The case study reports that four subcategories, i.e.,
health and safety issues of the materials, health and
safety of the workers/employees, company’s commit-
ment to sustainability issue, and company’s strategies
on the reduction of energy and water consumption, are
the most important impact subcategories for aggregates.

(v) According to the developed SSG model, the use of
recycled aggregates in Hong Kong attains better perfor-
mance in terms of social sustainability (31-34%) than
natural aggregates.

As one of the first attempts of social sustainability assess-
ment of recycled materials, the developed SSG model pro-
vides a comprehensive framework that can be used by the
construction industry to understand the social performance
through a life cycle perspective. Further study is still needed

@ Springer

for sensitivity analyses, in order to unveil the interlinked social
indicators and explore the social consequences in the complex
social network. In addition, the integration of the S-LCA
method in the conventional life cycle assessment software as
well as in LCA methods will also be a topic for future
research.
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